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This report presents a practical framework for applying asset-management principles and
practices to managing Interstate Highway System (IHS) investments. The IHS is a national
asset; as a system it serves a very large share of the nation’s highway transportation demand, 
disproportionate to the system’s share of the nation’s highway mileage. A major challenge in 
managing this asset lies in developing usable management principles and strategies that can
be accepted and applied by the varied government agencies that share responsibility for the
IHS. These principles and strategies draw on the growing body of experience in transportation
asset management, but are intended to respond to the unique challenge of the IHS. The report
describes the scope of the challenge and presents specific asset-management practices that may
be adapted to IHS management. This work will be useful to state government officials and 
others responsible for preparing, administering, and executing management plans for high-
way networks that include elements on the IHS and other systems of national significance.

The United States has made significant investments in its transportation infrastructure
and, as this infrastructure is used and exposed to natural environmental forces, it ages and
deteriorates. Responsible agencies expend time, effort, and money to preserve and maintain
the infrastructure to ensure that it will support consistent, reliable, and safe transportation
services and produce economic benefits.

One of the nation’s most significant investments in transportation infrastructure is the
Dwight D. Eisenhower System of Interstate and Defense Highways, often referred to sim-
ply as the Interstate Highway System. The IHS, initiated more than 50 years ago, is vital to
the nation’s economy and is a critical contributor to global production and distribution sys-
tems. Investments in the system are managed by the state departments of transportation
(DOTs) and a variety of other associated agencies responsible for specific Interstate facili-
ties. To ensure that the benefits of the IHS continue for future generations, these agencies
must preserve, operate, maintain, and augment its assets. 

The principles and practices of transportation asset management constitute a framework
for making decisions about planning, programming, design, construction, maintenance,
and operation of roadways, bridges, tunnels, and other transportation facilities. These prin-
ciples and practices have been developed in recent years and applied in the United States
and other countries to protect and ensure high returns on investment in transportation
infrastructure assets. Interpretation and application of these principles and practices may
vary among the responsible agencies in appropriate responses to the specific asset portfo-
lios, institutional settings, funding, and priorities affecting each particular agency. These
assets nevertheless serve national purposes and their management should reflect an appro-
priate balance between state and national interests.

F O R E W O R D

By Andrew C. Lemer
Staff Officer
Transportation Research Board
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To assist agencies in applying sound asset-management principles and practices for the
IHS, AASHTO requested NCHRP to undertake Project 20-74, “Developing an Asset-
Management Framework for the Interstate Highway System.” This report is the final 
product of that research. 

The objective of this research project was to develop a practical framework for applying
asset-management principles and practices to managing IHS investments. The framework
is designed to be applicable to existing facilities and those that may be developed in the
future; to provide the bases for making decisions across asset classes in an integrated man-
ner and from a systemwide perspective, to address operation and maintenance as well as
new construction and reconstruction; and to be easy to implement, cost-effective, and suf-
ficiently beneficial to be attractive for adoption by transportation officials and agencies
nationwide. 

A research team led by Cambridge Systematics, Inc., Cambridge, Massachusetts, con-
ducted the research. The project entailed first identifying asset performance indicators
appropriate for use in understanding the condition and performance of IHS assets and suit-
able as the bases for making a broad range of asset-management decisions. Such indicators
must support decision makers’ understanding of the impacts of their management decisions
on asset performance as it affects mobility, capacity, safety, and other aspects of highway
system performance. The research team gave particular attention to specific mechanisms
for incorporating risks of system failure in an asset-management framework and how risk
may be considered systematically as an influence on asset-management decision making.
Such risks include, for example, loss of system continuity due to failure of a critical asset,
acceleration of reconstruction requirements caused by insufficient maintenance funding, or
increased safety hazard associated with reduced asset performance. 

The report describes data needed to support IHS asset-management decisions, how current
data inventories may be employed, gaps in currently collected data that should be filled to
enable effective application of asset-management principles and practices to the IHS, and
cost-effective data-collection schemes. The report also considers available decision-support
tools that can be used in applying asset-management principles and practices for the IHS
and the adequacy of these tools to support a practical asset-management framework. The
research included testing the management framework using a data set assembled from 
several states to represent the variety of design and operating conditions within the IHS
nationwide. 

The research also entailed consideration of indicators of the measurable system benefits
that DOTs and others could use to evaluate their IHS application of asset-management
principles and practices and of the obstacles and costs likely to be encountered in imple-
menting the asset-management framework. The report describes the rationale for agencies
responsible for IHS asset management to adopt and use the framework. 
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S U M M A R Y

The objective of NCHRP Project 20-74 is to develop a practical framework for applying asset-
management principles and practices to managing Interstate Highway System (IHS) investments.

It is impossible to overstate the importance of the IHS to global, national, regional, and local
area movements of people and goods. On a global scale, the competitiveness of the United States
in international trade and the need to surmount the challenges of moving goods over long dis-
tances has benefited immensely from this far-reaching network of roads that for a generation
had no equal. On a national scale, the IHS has transformed the nation, enabling coast-to-coast
travel and trade in a matter of days instead of weeks. On a regional level, the IHS has facilitated
economic integration and accessibility within numerous multistate corridors, as evidenced by
the growing number of voluntary interstate corridor coalitions of states and metropolitan areas
that have sprung to life over the past 15 years. On a more local level, in literally hundreds of
urbanized areas around the country, networks of beltways and radial highways serve as the sur-
face transportation backbone of metropolitan regions. The NCHRP 20-74 effort is intended to
supplement other work on the past and future of the IHS with tools and approaches for better
managing the system in the present.

Part of the challenge of managing the IHS lies in developing cost-effective investment strate-
gies mutually agreed upon by agency staff and external stakeholders for managing the various
assets on the system. The assets need to be managed collectively by asset type, as well as by seg-
ment, by corridor, by region, and for the system in its entirety. The challenges only will grow
greater as the system ages, and there are further increases in passenger and freight traffic.

Transportation asset management is a developing field that provides a set of tools and techniques
for managing infrastructure assets. Asset management is, at its core, a set of guiding principles
and best practice methods for making informed transportation resource allocation decisions,
and for improving the accountability for these decisions. Asset management principles and
processes apply to all types of investments in transportation infrastructure assets. Conceptually
asset management is not limited to a preservation focus, but considers the full range of potential
investments, as well as factors related to safety, operations, environmental management, corridor
management, and project/program delivery.

In applying asset management to the HIS, one must first ask what, if anything, is unique about
the IHS that demands a targeted approach. The answer to this most fundamental question is that
the IHS is uniquely important because it represents the most critical set of highway assets in the
United States. Keeping its portion of the IHS in operation is a critical concern for every IHS
owner, and asset management promises an approach for helping accomplish this objective. Apply-
ing asset management to IHS assets is not an objective unto itself, but a means for achieving a
larger, national goal, that of helping keep the IHS network in operation using the most effective
means. This objective is in one respect very targeted, in that it applies to a single portion of
the U.S. transportation network. In another respect, the objective is quite broad, as it implies

An Asset-Management Framework 
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consideration of the full range of factors that might impact operation of the IHS, and introduces
the concept of a national interest in IHS asset performance. This approach provides a consistent
asset management framework and, therefore performance expectations for the IHS, by leverag-
ing existing agency-to-agency institutions and relationships in managing the connection points
of the system.

The basic strategy recommended for integrating decision making for IHS assets with the
broader decision-making scope is for each IHS owner to develop an Interstate Asset Management
Plan on a periodic basis. The plan should summarize conditions of IHS assets, establish performance
measures for those assets considering available funds, and describe the plan for future invest-
ments in the IHS. The plan, once developed, will help support the agency’s ongoing resource
allocation process for its IHS network across investment categories and decision-making horizons.
It also should provide consistent information about the system that can be shared among the
many agencies managing the network. A recommended outline for an Interstate Asset Management
Plan is presented in Chapter 2.

Previous work on transportation asset management is readily transferable to the present study,
but developing an asset management framework tailored to the IHS requires extending previous
work on transportation asset management, focusing on selected areas. These include:

• Defining how to better incorporate assessment of the risks of system failure into an asset
management framework. Chapter 3 recommends a risk management approach for the IHS.

• Providing guidance for handling all IHS assets, particularly assets besides pavements and
bridges. Chapter 4 details available data and tools for IHS assets and provides guidance for
what data to collect and analyses to perform for the full set of IHS assets.

• Recommending a set of measures tailored for use in reporting and facilitating discussion of
IHS performance both within an agency, to system users, industry partners, regionally, and
nationally. Chapter 5 details the recommended approach to performance management for
IHS assets and includes recommendations on what performance measures to include in an
Interstate Asset Management Plan.

Chapter 6 of this report provides guidance on implementing an asset management approach
for the IHS. The approach to implementing asset management will depend up the basic motiva-
tion for implementation, the focus area of the effort, the approach taken to leading the effort,
and the set of internal and external stakeholders involved in implementation. An Interstate Asset
Management Framework may focus on areas that vary according to function (preservation,
mobility, safety, and environment), or level within the organization (policy level issues, program
and project prioritization issues, management and operational issues), or any combination of these.

Each and every agency and entity responsible for a portion of the IHS must reach its own
conclusions, for its own reasons, on whether and how to undertake all or parts of the Interstate
Asset Management Framework. Motivating factors will vary, as will areas of emphasis, specific
approaches, sources of leadership, background expertise, and organizational characteristics. What
does not vary is the simple fact that the potential consequences of deterioration or disruption to
the nation’s most important arteries will be severe in terms of impacts upon the economic well
being and quality of lives of our citizens. By taking advantage of best practices in asset management
and risk management, system owners and operators can most effectively identify and combat the
effects of deteriorating infrastructure, minimize costly system disruptions, and ensure that our 
national highway system continues to serve as an engine for helping drive our economy forward.
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1.1 Research Objectives

The objective of NCHRP Project 20-74 is to develop a
practical framework for applying asset-management principles
and practices to managing IHS investments. The framework
developed through the project is intended to:

• Be holistic, applicable to existing facilities and those that
may be developed in the future;

• Provide the basis for making decisions across asset classes
in an integrated manner and from a systemwide perspective
about operation and maintenance as well as new construc-
tion and reconstruction; and

• Be easy to implement, cost-effective, and sufficiently benefi-
cial to be attractive for adoption by transportation officials
and agencies nationwide.

The IHS is the backbone of the nation’s transportation sys-
tem, essential nationwide for providing mobility and crucial
to the United States maintaining its economic competitive-
ness. A number of efforts are currently underway to assess the
state of the IHS and the future of the system. The objective of
the current effort is to supplement other work on the past and
future of the IHS with tools and approaches for better man-
aging the system in the present.

1.2 Criticality of the Interstate
Highway System

It is impossible to overstate the importance of the IHS to
global, national, regional, and local area movements of people
and goods. On a global scale, the competitiveness of the United
States in international trade and the need to surmount the
challenges of moving goods over long distances has benefited
immensely from this far-reaching network of roads that for a
generation had no equal. Moving forward, with the looming
economic power houses of China and India building similar
networks as they emulate our success and close their internal

mobility gaps, effective management of the IHS will be more
important than ever before if the United States is to remain
competitive in the world economy.

On a national scale, the IHS has transformed the nation, en-
abling coast-to-coast travel and trade in a matter of days instead
of weeks. Approximately 20 percent of all road travel by auto-
mobiles, trucks, and buses occurs on the one percent of miles
represented by the IHS. On a regional level, the IHS has facili-
tated economic integration and accessibility within numerous
multistate corridors, as evidenced by the growing number of
voluntary interstate corridor coalitions of states and metropol-
itan areas that have sprung to life over the past 15 years. On a
more local level, in literally hundreds of urbanized areas around
the country, networks of beltways and radial highways serve as
the surface transportation backbone of metropolitan regions.

Despite the undeniable significance of the IHS as a physi-
cal, economic, and social asset at all geographic levels from
the globe to the beltway, there is no generally accepted frame-
work for managing and operating these assets in a manner
that considers the unique needs of the IHS. The absence of
such a framework is understandable considering:

• The focus for over four decades on completing the initial
system.

• The variation in needs across the system reflecting differ-
ences in age and in traffic volumes and patterns, as well as
weather and soil conditions, and differences in expecta-
tions and priorities of system users and owners.

• Ownership and maintenance responsibilities are dispersed
among the 48 contiguous states (plus Hawaii, which has
three interstate routes), and therefore it is understandable
that different approaches to preserving, operating, and en-
hancing the system would emerge over the years.

• For many of the entities that own and operate the IHS,
this system must fit within the financial and operational
paradigms confronting each agency for a much larger system
of streets and highways as well as other facilities over which

C H A P T E R  1
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they have operational responsibilities. This is magnified by
the need to spend Federal dollars predominately based on
specified spending categories.

• The aversion among states and localities to becoming ho-
mogenized under the weight of “one-size-fits-all” legal re-
quirements and technical processes that can fail to consider
their individual and unique situations and challenges, and
which can encourage superficial and misleading “apples
and oranges” comparisons that can easily distort reality.

Notwithstanding these reasons why an asset manage-
ment framework for the IHS has not emerged, the initiative
represented by this project signals an emerging recognition
of the need for and potential benefits of establishing such a
framework.

The framework presented here is intended to help move
consideration of IHS investment decisions away from what is
often a patchwork combination of incomplete and inconsis-
tent “factual” information and the even more nebulous array
of subjective policy-level and political pressures to a more ob-
jective, fact driven, repeatable, performance-based approach.
It provides a national vision that can be implemented based
on sensitivity to unique state, regional, and local conditions
and realities. The framework cannot eliminate the influence
of more subjective pressures on investment decisions. How-
ever, it can be used to objectively assess and communicate the
consequences of actions and decisions driven by factors that
are perhaps more subjective and less defensible.

The initial deployment of the IHS to physical standards
that are consistent, and with connections that met without
fail at mutually agreeable state line crossings, is something of
an institutional “miracle”—a miracle perhaps explained by
several key factors:

• A compelling need to provide an enhanced level of highway
service for the post World War II burgeoning population
of cars and trucks.

• A clear vision by a motivated President whose personal ex-
periences in the now famous 1919 cross-country caravan
which he led and with the German autobahns he encoun-
tered in the closing days of the Second World War provided
more than a sufficient basis for his proactive leadership.
This vision of the system as critical to the future of the na-
tion’s growth and to its defense has served as focus for this
great infrastructure construction.

• A too-good-to-turn-down funding mechanism that pro-
vided 90/10 funding that was recalculated every two years
based upon each state’s proportionate requirements in re-
lation to all other states and the national commitment to a
“cost to complete” approach to build the system.

• The energy, commitment, and long-term “buy-in” among
political stakeholders, as well as among technical-level pro-

fessionals, that is inherent in undertaking the implementa-
tion of a grand plan of action that has never before been done.

By comparison, it is arguable that formulating an Interstate
Asset Management Framework that will be widely accepted
and embraced in today’s setting reflects the need for an even
greater miracle, with the technical challenges, though signifi-
cant, paling in comparison to the institutional. However, with
nothing short of the continued economic security and pros-
perity of the United States on the line, it is imperative that this
miracle happen. The chapters of this report describe the frame-
work for managing and operating consistently the assets asso-
ciated with the IHS in order to help achieve this vision.

1.3 Report Organization

The remainder of this report is organized into the following
chapters:

• Chapter 2 presents the Interstate Asset Management Frame-
work, providing an overview of transportation asset man-
agement concepts, detailing how these concepts can be
applied to IHS assets, describing where the present effort
has focused on developing these concepts further, and out-
lining the recommended approach to develop an agency’s
Interstate Asset Management Plan applying the framework.

• Chapter 3 details an approach to incorporating risk man-
agement in the Interstate Asset Management Framework,
details the steps in the approach, and discusses institutional
responsibilities in implementing risk management.

• Chapter 4 summarizes readily available data and tools for
managing IHS assets, and provides guidance on how existing
data and tools can be used to support the Interstate Asset
Management Framework.

• Chapter 5 describes the performance management approach
central to the framework. This section recommends a set of
performance measures to use in characterizing conditions of
an agency’s IHS assets and documents the approach used to
develop the recommended set of measures.

• Chapter 6 provides implementation guidance, discussing
practical issues in implementing the Interstate Asset Manage-
ment Framework, potential focus areas for an implementa-
tion effort, leadership roles, implementation benefits, and
potential challenges.

• Chapter 7 presents the conclusions of the NCHRP 20-74
research effort.

• Appendix A describes the literature review performed, which
focuses on recent research on risk management, asset man-
agement data and tools, and performance management.

• Appendix B describes the pilot application performed as
part of the research to test application of the Interstate
Asset Management Framework.

4
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5

2.1 Asset Management Overview

Part of the challenge of managing the IHS lies in developing
cost-effective investment strategies with measurable outcomes
that are mutually agreed upon by agency staff and external
stakeholders for managing the various assets on the system. 
Assets need to be managed collectively by asset type, as well as
by segment, by corridor, by region, and for the system in its en-
tirety. The challenges only will grow greater as the system ages,
and there are more increases in passenger and freight traffic.

A hallmark of the IHS is that it was initially constructed to
conform to consistent design standards. However, individual
segments of the system now face very different realities result-
ing from factors such as varying physical condition, age, traf-
fic characteristics, operating environments, weather, design
standards, and the diverse approaches to operating and main-
taining the system that have been employed at the state level.

Figure 2.1 demonstrates how the variations in condition
on the IHS are manifested over a typical corridor based on
analysis of data from the Highway Performance Monitoring
System (HPMS). The figure plots the Average Daily Traffic
(ADT) and pavement condition over one of the cross-country
interstate corridors. Variations in ADT are plotted on the
vertical axis, while International Roughness Index (IRI)
ranges are shown using different colors. As indicated in the
figure, there are significant variations in both traffic and pave-
ment condition over the length of the corridor. There are
peaks in traffic levels in several areas of the corridor where the
highway passes through urban areas, with particularly high
levels at approximately 700 miles. Pavement conditions are
generally very good (IRI less than 60) or good (IRI between
60 and 95). However, conditions appear to worsen as one
progresses through the corridor (right side of the graph),
based on the increasing occurrence of sections classified as
“acceptable” (values between 95 and 170) or “unacceptable”
(IRI greater than 170). Note that IRI is measured and reported
somewhat differently from state to state, complicating na-

tional comparisons. Also, note that as a measure of roughness
of the pavement surface, IRI does not necessarily provide
an indication of the condition of the underlying pavement
structure or substructure.

Clearly the system owners of different portions of the cor-
ridor shown in Figure 2.1 must consider different factors as
they determine how best to manage their portion of the IHS,
illustrating the fact that there is no “one size fits all” solution
to measuring and managing the system. The IHS is of na-
tional importance, but management of the system must be
based on balancing challenges at the state, corridor, and local
levels. An objective approach addressing the needs at these
varying geopolitical levels is essential if the vital interests of
each are to be considered in a rational way.

Transportation asset management is a developing field that
provides a set of tools and techniques for managing infrastruc-
ture assets. Asset management is, at its core, a set of guiding
principles and best practice methods for making informed
transportation resource allocation decisions, and for improv-
ing the accountability for these decisions. AASHTO defines
asset management as follows (1):

Transportation Asset Management is a strategic and system-
atic process of operating, maintaining, upgrading, and expand-
ing physical assets effectively throughout their lifecycle. It focuses
on business and engineering practices for resource allocation and
utilization, with the objective of better decision-making based
upon quality information and well defined objectives.

The core principles of asset management have increasingly
gained acceptance in the transportation community since
they were initially described in the AASHTO Transportation
Asset Management Guide (2). These principles hold that asset
management is:

• Policy-Driven. Resource allocation decisions are based on
a well-defined and explicitly stated set of policy goals and
objectives.

C H A P T E R  2
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• Performance-Based. Policy objectives are translated into
system performance measures that are used for strategic
management and tied to the resource allocation process.

• Reliant on Analysis of Options and Tradeoffs. Decisions
on how to allocate resources within and across different
types of investments are based on an analysis of how dif-
ferent allocations will impact the achievement of relevant
policy objectives.

• Focused on Yielding Decisions Based on Quality Infor-
mation. The merits of different options with respect to an
agency’s policy goals are evaluated using credible and cur-
rent data. Where appropriate, decision support tools are
used to provide easy access to needed information, to as-
sist with performance tracking and predictions, and to per-
form specialized analysis.

• Reliant on Monitoring to Provide Clear Accountability
and Feedback. Performance results are monitored and re-
ported. Feedback on actual performance may influence
agency goals and objectives, as well as resource allocation
and utilization decisions in future budget cycles.

Figure 2.2 summarizes the basic asset management process,
highlighting issues of particular importance for the IHS at
each step of the process. The following paragraphs discuss
these steps.

Policy Goals and Objectives. The first step of the process
is to establish agency policy goals and objectives. In this step,

internal stakeholders across an agency must define its basic
goals and objectives, translating these into a set of performance
measures and targets. This step must be performed factor-
ing in available information on funding levels and customer
expectations, and considering the perspectives of all internal
and external stakeholders. Customer expectations are of partic-
ular importance for management of the IHS, given the impor-
tance and level of use of the system. Customers of the system
may be interpreted to include stakeholders in the resource allo-
cation process (e.g., Metropolitan Planning Organizations and
other planning partners, Federal agencies, and resource agen-
cies), the traveling public, and private sector freight carriers.

Analysis of Options and Tradeoffs. Once an initial set of
goals and objectives has been established, the next step is to
analyze options and tradeoffs. In this step, analytical tools are
used to systematically analyze the impact of different budget
levels for a specific set of assets and activities. Note that this
iterative step is both informed by and informs the develop-
ment of policies, goals, and objectives. As analyses are per-
formed, an agency may realize the need to revisit its goals, 
objectives, and performance targets. This step establishes the
concept of an asset management approach that provides 
decision-making transparency to the framework development.

Resource Allocation Decisions. Analysis of options and
tradeoffs typically results in a target funding level by asset type
and/or treatment, and a set of prioritized candidate projects
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Figure 2.1. Traffic levels and pavement conditions along an interstate corridor.
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that can populate fundable programs to renew and extend
asset life. The next step is to determine how to allocate resources
based on this information, in a manner consistent with an
agency’s policy goals and objectives and the external stake-
holders understanding of the potential implications of these
allocation strategies.

Program and Service Delivery. The focus shifts to deliv-
ery once resource allocation decisions have been made. There
are a number of key issues an agency must consider in this
area, including determining the best approach to delivering
the program, managing work zones, and communicating the
status of the program to industry partners and the public, to
provide transparency into an agency’s processes and convey
important information about ongoing or upcoming con-
struction work that may impact travel decisions.

System Conditions and Service Levels. In conjunction
with program delivery, an agency monitors the system con-

ditions and service levels, as indicated in the final step of the
figure. Because asset management is data-driven, the process
is designed assuming that data collected in this step are inputs
to every other step in the process.

The asset management principles and process described
apply to all types of investments in transportation infrastruc-
ture assets. Conceptually asset management is not limited to
a preservation focus, but considers the full range of potential
investments, as well as factors related to safety, operations,
environmental management, corridor management, and
project/program delivery.

2.2 Applying Asset Management 
to the IHS

The basic transportation asset management principles and
process described in this report and detailed in the AASHTO
Guide are wholly applicable to IHS infrastructure assets.
The asset management framework for the IHS necessarily

7

Figure 2.2. Generic asset management process with issues of 
importance for the IHS.
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encompasses and builds upon the concepts in the AASHTO
Guide. However, in applying asset management to the IHS
one must first ask what, if anything, is unique about the IHS
that demands a targeted approach.

The answer to this most fundamental question is that the
IHS is uniquely important because it represents the most
critical set of highway assets in the United States. Keeping
its portion of the IHS in operation is a critical concern for
every IHS owner, and asset management promises an ap-
proach for helping accomplish this objective. This answer is
based on the following key assumptions:

• The IHS typically represents the highest priority network
for a transportation agency. High priority can be defined
in a number of ways, but by any definition of the term, the
IHS is clearly the highway network with the highest priority
at the national level. For any given transportation agency,
their portion of the IHS is likely a reasonable approximation
of their highest priority network. However, it may be that
there are additional highway sections not classified as inter-
states that are critical from a regional or statewide perspec-
tive (e.g., nonredundant portions of the network, evacuation
routes, and/or other high traffic sections). By the same token
there may be some highway segments, though classified as
interstates, which do not carry the same level traffic or pro-
vide the same degree of connectivity as other segments off
of the IHS. Thus, the concepts described in this report
should properly be considered as applying to a transporta-
tion agency’s “highest priority network,” with the under-
standing that this network largely consists of, but may not
be identical to, an agency’s portion of the IHS.

• Keeping its highest priority network in operation is of fun-
damental concern for any transportation agency. With the
IHS largely complete, and the corresponding shift in focus
of U.S. highway owners from building the network to de-
livering transportation as a service, the immediate challenge
transportation agencies face is keeping their most critical
assets in operation. The concern for keeping the network in
operation is reflected in the emphasis on Intelligent Trans-
portation Systems (ITS) and Vehicle Infrastructure Integra-
tion (VII) aimed at using technology to improve network
operations and safety. Also, this focus is readily apparent in
areas such as snow and ice removal in cold-weather cli-
mates. But keeping the network in operation is more than
a day-to-day challenge; it is a long-term concern that
should be reflected in project development, capital budget-
ing, long-term planning, and other processes.

• Asset management helps an agency keep its network in op-
eration by improving decision making based on data that
provides a quantitative overview of the performance of the
system. That is, transportation asset management helps an
agency make decisions that are better targeted to achieve

agency policy goals and objectives, and that help achieve
those goals and objectives in a more cost-effective manner.
There is a significant amount of evidence in other industries
that a performance-based approach helps improve per-
formance, and an abundance of anecdotal evidence con-
cerning agency successes in applying asset management
principles. Nonetheless, the focus on asset management is
still a relatively new phenomenon, and must be treated with
the assertion that it is of benefit as an assumption until suf-
ficient evidence mounts to prove or disprove it.

Based on the preceding assumptions, applying asset manage-
ment to IHS assets is not an objective unto itself, but a means
for achieving a larger, national goal, that of helping keep the IHS
network in operation using the most effective means. This
objective is in one respect very targeted, in that it applies to a
single portion of the U.S. transportation network. In another
respect, the objective is quite broad, as it implies consideration
of the full range of factors that might impact operation of the
IHS, and introduces the concept of a national interest in IHS
asset performance. This approach provides a consistent asset
management framework and performance expectations for the
IHS by leveraging existing agency-to-agency institutions and
relationships in managing the connection points of the system.

Figure 2.3 presents a perspective concerning how IHS asset
management decisions relate to the larger resource allocation
process. It is intended to put decisions concerning IHS assets
into a practical context. As indicated in the figure, agencies
typically make a distinction between modes (e.g., highway,
transit, rail, ports, aviation) in their resource allocation process.
Within the highway mode, an agency must make decisions
across network classifications. Network classifications vary
from one agency to another, but frequently include the IHS
(and/or other high-priority network links), the National High-
way System (NHS), and other classifications. Within a net-
work classification an agency must determine how to allocate
resources to obtain the best performance and lowest risk
(greatest reduction in risk) across all asset types, recognizing
any relevant legislative direction or other constraints. The fig-
ure depicts this relationship within the IHS network, but the
network can be further subdivided by corridor.

In practice the lines between decisions concerning IHS assets
and other assets are not so sharply delineated as depicted in the
figure. Investments in IHS assets must be balanced with invest-
ments in other parts of the network. Also, there are legitimate
reasons for establishing policies and evaluating performance for
selected asset types across networks. Further, the dimension of
time is not illustrated in the figure, though certainly relevant.
Practically speaking, certain decisions, such as those concerning
capacity expansion projects, are the product of a long-term
planning process. Other capital budgeting decisions are made
on a year-to-year basis, while maintenance and operations
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decisions are often made with a shorter time horizon and often
targetexisting(notprojected)performanceandcondition issues.

The basic strategy recommended for integrating decision
making for IHS assets with the broader decision-making scope
presented here is for each IHS owner to develop an Interstate
Asset Management Plan on a periodic basis. The plan should
summarize conditions of IHS assets, establish performance
measures for those assets considering available funds, and de-
scribe the plan for future investments in the IHS. The plan,
once developed, will help support the agency’s ongoing re-
source allocation process for its IHS network across invest-
ment categories and decision-making horizons. It also should
provide consistent information about the system that can be
shared among the many agencies managing the network. A
recommended outline for an Interstate Asset Management
Plan is presented in Section 2.4.

2.3 Focus Areas for Interstate 
Asset Management

Previous work on transportation asset management is
readily transferable to the present study, but developing an
asset management framework tailored to the IHS requires ex-
tending previous work on transportation asset management,
focusing in on selected areas. These include:

• Defining how to better incorporate assessment of the risks
of system failure into an asset management framework;

• Providing guidance for handling all IHS assets, particularly
assets besides pavements and bridges; and

• Recommending a set of measures tailored for use in re-
porting and facilitating discussion of IHS performance
both within an agency, to system users, industry partners,
and nationally.

The following sections describe each of these areas further.

Risk Management

Ideally, any decision-making process should take risk
into account. As the risks faced in management of the IHS
are significant and the potential consequences of risk such
as failure of an IHS link can be staggering, incorporating
risk assessment into a framework for managing the IHS is
a topic of particular importance. Risk management is of
importance for managing any transportation system, but is
of particular importance for the IHS because of the magni-
tude of the consequences to society when and if risks to the
system are realized.

Tragic events such as the Northridge Earthquake of 1994
starkly illustrate the importance of this topic. When this
earthquake struck the Los Angeles area on January 17, 1994,
it caused extensive damage to Los Angeles freeways, includ-
ing the collapse of two bridges on Interstate 10 between
downtown Los Angeles and Santa Monica, the collapse of
the Interstate 5/Antelope Valley Freeway interchange and a
closure of a portion of State Route 118 in the Simi Valley.
The transportation-related economic impact of the event has
been estimated to be over $1.5 billion (3). Similarly tragic
consequences arose from the collapse of the Mianus River
Bridge on Interstate 95 in Connecticut in 1982, from the
damage caused along the Gulf Coast by Hurricane Katrina
in 2005 and by Hurricane Ike in 2008, and from the 2007
collapse of the Interstate 35W bridge over the Mississippi
River in Minneapolis.

Transportation agencies that own and operate the IHS are
well aware of the risks they face as they deliver a service—
providing a transportation network—to the public. Further,
individual agencies have performed in an exemplary fashion in
responding to events such as those described above. However,
the existing tools and approaches developed for asset manage-
ment are of limited value for managing risk. While asset man-
agement principles are not inconsistent with the concept of risk

9

Figure 2.3. Example IHS resource allocation process in context.
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assessment, it is true that this has not been an area of significant
focus in many asset management implementation efforts. Fur-
ther, while significant work has been performed on risk assess-
ment for transportation in recent years, there is little guidance
available on how to integrate a risk management approach with
an agency’s asset management-related processes.

Chapter 3 of this document describes an approach to risk
assessment for IHS assets that integrates best practices in risk
management with the concepts of transportation asset man-
agement. The approach is focused on the risks of system failure.
In the context of this report, system failure refers to any con-
dition that results in closure of an IHS link to travel for some
period of time, as a result of unintentional hazards, inten-
tional threats, natural hazards, or substandard performance. A
scenario-based approach is presented for quantifying the risks
to a set of IHS assets, including their likelihood, consequences
if realized, and available mitigation approaches. Ideally, the
quantitative approach presented in this section would be used
to perform a comprehensive risk assessment. However, the
section describes an alternative threshold approach that an
agency can use where sufficient data and resources are lacking
to support the recommended approach. The outcome of ap-
plying the scenario-based approach is a recommended allo-
cation of resources to mitigating risk based on a determination
of how an agency can best minimize the expected economic
losses from the risks it perceives to its IHS assets.

If a risk can be managed through other systems and processes
without employing the scenario-based approach detailed in
Chapter 3, the risk is referred to as a “programmatic” risk. In
the case of performance risks, such as substandard design,
construction defects, materials defects, and unexpected traffic
volumes, these risks are best addressed through existing preser-
vation programs, such as pavement preservation and bridge
preservation programs. In theory, asset management systems
should help manage these risks, but the reality is that there are
gaps that need to be filled to improve systematic capabilities
for handling programmatic risk. Chapter 4 describes the exist-
ing tools available for managing IHS assets and identifies gaps
that should be addressed in their capabilities.

Guidance for the Comprehensive Set 
of IHS Assets

Each of the individual segments of the IHS is composed of
a number of distinct types of infrastructure assets. Table 2.1
details the infrastructure assets associated with the IHS, 
organized by asset category. Even though rights-of-way,
equipment, and people may be viewed as assets using a broader
definition of the term, they are not included in the table because
they are not part of the built infrastructure.

AASHTO’s Asset Management Guide emphasizes that the
transportation asset management principles and processes

apply to all assets, modes, and investment categories. A concern
voiced in the Guide and in other work on transportation asset
management is that agencies should make investment decisions
across assets, modes, and investment categories, rather than
concentrating decision making within narrowly defined “silos,”
with each silo focusing on a specific asset and/or type of invest-
ment. In spite of this concern, the reality is that significant at-
tention has been devoted to developing systems and approaches
for handling two asset types—pavements and bridges—while
the data, tools, and approaches for other asset types are typically
rudimentary by comparison. This is not an accidental develop-
ment: pavements and bridges necessarily consume the greatest
portion of agencies’ preservation expenditures, and the data,
tools, and processes have evolved based on this reality.

The current study, with its focus on developing a practical
approach for managing all of an agency’s assets, but for only
the most critical portion of the agency’s network, forces the
question of how an IHS owner should go about managing “all
of those other assets” listed in Table 2.1. Chapter 4 details the
data and tools typically available for each asset category and
type, focusing on assets other than pavements and bridges
that have been the subject of much of the attention in trans-
portation asset management in the past. With regard to other
assets beside pavement and bridges, the guidance can be sum-
marized as follows:

• IHS owners should collect inventory and inspection data
for IHS pavements and bridges consistent with both Fed-
eral reporting requirements and the requirements of pave-
ment and bridge management systems, and they should
use these systems to manage pavements and bridges.

• IHS owners should collect inventory and inspection data for
all of their IHS structures, including those listed in Table 2.1.
Tools and techniques employed for managing bridges should
be employed for managing other IHS structures besides
bridges. The basic logic for this recommendation is simple:
structures can fail catastrophically, and in so doing cause
system failure (closure of an IHS link for some period).

• IHS owners should report conditions on other assets, in-
cluding safety features, based on the degree the assets are
“functioning as intended.” A maintenance level of service
or remaining service life approach is recommended for
budgeted future investment needs for these assets.

Performance Measure Reporting 
for IHS Assets

A cornerstone of transportation asset management is its
emphasis on using quality information to make performance-
based decisions. Encouraging a performance-based approach
is consistent with best practices followed in other industries
and the direction of many state transportation departments
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(DOT). The AASHTO Guide discusses performance measures
for asset management at high level, and NCHRP Report 551 (4)
covers this topic in detail.

This study adopts the terminology and basic approach for
describing performance measures and targets introduced in
NCHRP Report 551. The approach described in Volume 2 of
that report, summarized in Figure 2.4, has been employed to
develop a set of performance measures for use in reporting
IHS conditions in an Interstate Asset Management Plan.
With this approach, performance measures are used to mon-
itor progress towards policy goals and objectives, reflect asset
conditions, provide a long-term view of asset life cycles, and
track program delivery. Performance targets are specific per-
formance measure values an IHS owner plans to achieve.
These are set based on consideration of past trends, predicted
future performance, agency funding levels, and other factors.

In developing the set of measures, the research team made
a distinction between measures that every IHS owner should
be in a position to report today, labeled “core” measures, and
additional measures that would be desirable to report for IHS
assets if an agency has sufficient data and resources, labeled
“comprehensive” measures. Ideally, every IHS owner would
report the core measures described here, at a minimum, and

plan to collect and report the full set of comprehensive mea-
sures in the future.

Chapter 5 details the recommended performance manage-
ment approach for IHS assets. Table 2.2 summarizes the
recommended core measures.

With regard to the Environment category, it is clear that
this is an area of great importance, but there are few environ-
mental measures that can be both localized to the IHS, and
used to support the asset management process. Also, there is
little consistency from one IHS owner to another concerning
how environmental data are collected and reported. Thus,
rather than recommending a specific set of measures as in the
other categories, for the Environment category this report
recommends a report card approach, whereby an IHS owner
establishes a set of environmental milestones and reports
whether they are achieving them on a pass/fail basis. These
milestones may include measures of air quality, wetlands
restoration, provision of mitigation features such as wildlife
crossings and fish passages, and an indication of the extent
the IHS owner is satisfying its environmental commitments.

Chapter 5 lists a number of additional comprehensive
measures. The comprehensive set includes measures of asset
performance for each of the categories listed in Table 2.1.
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Table 2.1. IHS infrastructure assets.
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Table 2.2. Recommended core IHS asset management 
performance measures.

Category Asset Type Measure Type Measure

Structural Adequacy Present Serviceability Rating (PSR) 
or an agency’s pavement condition 
index

Pavement

Ride Quality International Roughness Index (IRI) 

Bridges Structural Deficiency Percent classified as Structurally 
Deficient (SD), weighted by deck 
area

Signs Asset Performance Percent functioning as intended 

Pavement Markings/
Delineators

Asset Performance Percent functioning as intended 

Preservation

Guardrails Asset Performance Percent functioning as intended 

Travel Time Travel time index Mobility

Delay Delay per vehicle in hours 

Crash Rate Number of crashes expressed as 
number per year and per million 
vehicle miles traveled (VMT) 

Safety

Fatality Rate Number of fatalities expressed as 
number per year and per VMT 

Environment Agency-specific report 
card of environmental 
milestones

Pass/fail indication for each measure

Figure 2.4. Setting performance measures and targets.
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2.4 Interstate Asset Management
Plan Outline

The basic strategy recommended for applying asset man-
agement tools and techniques to IHS assets is for each IHS
owner to develop an Interstate Asset Management Plan. The
plan should summarize conditions of IHS assets, establish
performance measures for those assets considering available
funds, and describe the plan for future investments in the
IHS. The starting point for developing the Interstate Asset
Management Plan should be an agency’s existing long-range
plan (LRP) developed following the Federally mandated
LRP development process. The LRP should include policies,
goals, and objectives, with specific measures of effectiveness
or performance that can be used and/or supplemented for the
Interstate Asset Management Plan.

The plan, once developed, will help support the agency’s
ongoing resource allocation process for its IHS network across
investment categories and decision-making horizons. It also
should provide consistent information about the system that
can be shared among the many agencies managing the network.

The following is a recommended outline for a typical state
Interstate Asset Management Plan. As always, some variations
will be necessary to address an IHS owner’s specific policies,
priorities, organization, responsibilities, business processes,
and data capabilities, but this prototype can provide the basic
building blocks to initiate such a plan. Typically, sections of
the plan should include:

1. Significance of the Interstate Highway System;
2. Assets Included in the Plan;
3. Measuring Performance;
4. Past and Present Funding;
5. Risk Assessment;
6. Interstate Investment Strategy; and
7. Updating the Plan.

Section 1.0—Significance of the Interstate
Highway System

1. Role of the IHS in our state’s economy and quality of life:
a. Percent of miles;
b. Percent of traffic;
c. Access to ports and gateways;
d. Connectivity with the nation;
e. Access to regions of the state; and
f. Importance to economic development goals.

2. The State’s Interstate system:
a. System map; and
b. System table, with route number, length, average daily

traffic, and percent trucks. Include non-IHS, National

Highway System routes included in the plan. (For the
sake of brevity all references to the IHS include selected
NHS routes.)

3. Interstate Routes—Level of Geographic Significance:
a. Criteria:

i. National—Serves long corridors on a national
scale;

ii. Multistate—Located in/serves more than one state;
and

iii. State/Metropolitan—Serves relatively limited area
within one state.

b. Table showing results—route number, category 
(national, multistate, or state/metropolitan), and 
rationale for designation.

Section 2.0—Assets Included in the Plan

This section documents the types of asset (pavement,
shoulders, bridge, etc.) included in the plan. At a minimum,
for each asset type, it is recommended that agencies include a
basic inventory unit (lane miles, count, etc.) and the value for
each unit. Agencies may also decide to break down the inven-
tory information further by level of geographic significance,
geographic area (e.g., DOT district), etc. Table 2.1 provides a
list of assets that should be included in the plan.

Section 3.0—Measuring Performance

This section defines the performance measures used to
assess the effectiveness of IHS investment and maintenance
strategies. Table 2.2 provides a list of measures recommended
for the plan, and Chapter 5 provides more detailed guidance
on selecting measures.

At a minimum, include the value for the measure for the
previous year. If the data is available, provide historic trend
information for up to 10 years.

Section 4.0—Past and Present Funding

This section provides information in the form of tables and
graphs showing trends over time in sources and levels of
funding and how these funds have been allocated from vari-
ous perspectives, including transportation system categories
(mode and level of system), corridors and geographic areas,
functional categories, asset classes, etc. The compilation,
presentation, and interpretation of such information would
be customized according to the attributes and issues unique
to the particular circumstances of the agency and its IHS re-
sponsibilities and challenges. The categories used to report
historic funding levels in this section should match the cate-
gories used to present the investment strategy in Section 6.0
of the plan.
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Section 5.0—Risk Assessment

This section identifies and assesses key issues and challenges
including significant vulnerabilities and risks associated with
the IHS. It defines deficiencies and provides a factual and objec-
tive foundation for the development of IHS policy and per-
formance goals and strategies in such critically important areas
as economic development, freight, and personal mobility and
safety. Chapter 3 provides guidance on conducting a risk assess-
ment and communicating the results.

Section 6.0—IHS Investment Strategy

This section presents the recommended level and distribu-
tion of IHS investments and establishes performance targets
for the IHS based on predictive modeling and considering
potential investment levels. It should serve as guidance for sub-
sequent programming and project prioritization processes,
and provide a basis for monitoring the effectiveness of invest-
ment decisions in terms of the defined targets.

Since resources are invariably limited and insufficient 
to achieve all desired outcomes, the “art” of asset management
comes into play when all of the information and analyses are
focused on evaluating an array of “what if” investment alter-
natives that consider vulnerabilities and deficiencies, risks and
priorities, goals and performance targets. The questions will

entail addressing what is to be gained and what is to be lost by
changing investment strategies, such as:

• Between the IHS and non-IHS;
• Among asset types on the IHS;
• Among specific IHS routes;
• At varying investment levels; and/or
• At varying performance levels.

The end result of this tradeoff exercise is an IHS investment
strategy organized around the performance measures identi-
fied in Section 3.0 of the plan. For each measure, the agency
should define the preferred target level and the annual funding
required to achieve it.

The investment strategy also may include a list of major proj-
ects or initiatives that have been identified throughout the plan-
ning and programming process or during the risk assessment.

Section 7.0—Updating the Plan

This section describes the process and timeframe for up-
dating the plan. It is recommended that agencies reassess and
update the plan on a defined schedule—perhaps annually but
not less often than biennially—based on changing conditions
and the effectiveness of previous investments and manage-
ment strategies.

14

An Asset-Management Framework for the Interstate Highway System

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14233


15

This section describes an approach for integrating risk
management concepts into the process of managing IHS assets.
Section 3.1 summarizes the broad concepts of risk management
and proposes a categorization of risks facing transportation
agencies. Section 3.2 provides a proposed approach to address-
ing risks in development of an IHS owner’s Interstate Asset
Management Plan. Section 3.3 addresses the institutional
commitment necessary to extend IHS management practices
to accommodate risk.

3.1 Overview

Risk management occurs with varying degrees of con-
scious intent across the full spectrum of human endeavor, in
both public and private organizations, and in everyday lives.
Although the context and the degree of formality of the
process varies, the fundamental elements of risk management
are constant. These elements include:

• Establishment of risk tolerances;
• Identification of threats/hazards;
• Assessment of impact or consequence;
• Identification of potential mitigation strategies/counter-

measures;
• Development of a mitigation/management plan; and
• Implementation of the plan.

Risks faced by transportation agencies come from a variety
of sources, and it is possible to categorize them in a number
of different ways. The recommended categorization of risks
for IHS assets emerged from the literature review described
in Appendix A and through development of the Interstate
Asset Management Framework. Figure 3.1 illustrates this cat-
egorization. It distinguishes between programmatic risks and
nonprogrammatic risks. These are defined as follows:

• Internal Programmatic Risks. These are risks that are in-
ternalized in the day-to-day business process of a trans-

portation agency. IHS owners face a broad range of internal
programmatic risks in every part of their operations, from
planning and programming, through project development
and delivery, and on to maintenance and operations, and fi-
nally system monitoring. For example, inaccurate forecasts
of asset deterioration and revenues, inaccurate project cost
estimates, and unforeseen ground conditions on construc-
tion projects fall into this category. Although the frequency
of these risks is high and the impact can be substantial, it is
rare that they will cause the closure of a link in the trans-
portation system.

• External Nonprogrammatic Risks. These are risks that are
addressed outside of a transportation agency’s day-to-day
business process, either because they are very unlikely, or
because they are perceived as external risks over which an
agency has little or no control. They tend to relate to the po-
tential for system failure, and may be the result of either the
natural environment or human actions. Earthquakes, terror-
ist attacks, and vehicle/infrastructure collisions that cause the
failure of a transportation infrastructure asset fall into this
category. Although the frequency of these risks is low, their
potential to cause one or more high-priority network links to
fail in the event a risk is realized is high. The current study is
focused on risk of system failure for IHS assets, which are in-
cluded in this category.

Given the distinction between programmatic and nonpro-
grammatic risks, it is not surprising that over the past 20 or
more years the focus has been on managing programmatic
risks in developing management systems and processes. Much
of this work is confined to handling risk at a subprogram level
to enable budget optimization for annual project selection or
contingency planning (i.e., planning for and dealing with the
consequences of materialized threats/hazards). For example,
Washington State Department of Transportation developed
and uses a Cost Estimate Validation Process (CEVP) to miti-
gate the risk of inaccurate cost estimates for large and complex
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projects. The CEVP is designed to identify the areas of a
project that could be sources of increased costs, assess the
likelihood of key risks materializing, and ultimately results in
the specification of project cost range as opposed to a point
estimate to account for the risks identified. Chapter 4 describes
existing management systems and other analytical tools that
can be used for managing programmatic risks.

By contrast, the history approaches for addressing external
nonprogrammatic risk is considerably shorter. Activity in this
area was propelled by the terrorist attacks of September 11,
2001, and again more recently by a number of significant nat-
ural disasters. Despite recent focus, development of external
risk management activities today lags behind that for internal
risks. Appendix A summarizes the literature review conducted
as part of this research. The review describes several promis-
ing concepts and approaches that have been incorporated into
the proposed methodology. Two particularly important re-
sources include the AASHTO Guide to Highway Vulnerability
Assessment (5) and the report for NCHRP Project 20-59(17)
currently in draft format (6).

In the context of the aging IHS, where the consequences of
the failure of a system link are potentially enormous, it is im-
portant that the Interstate Asset Management Framework
provides for a robust analysis of risk of system failure. Such
an analysis must produce more comprehensive mitigation
schemes that take into account the asset/operations interde-
pendencies, and significantly increase agencies’ ability to deal

with “out-of-the-norm” threats/hazards. At the same time, it
must be recognized that the resources required to manage
these risks will no doubt compete with those needed to revital-
ize and renew the aging IHS infrastructure to ensure safe and
reliable operations for the coming generations.

3.2 Risk Management for the
Interstate Asset Management
Framework

This section outlines a proposed approach to augmenting
transportation agencies’ existing risk management activities
with a process that helps assess risks of system failure for IHS 
assets. IHS owners could perform the risk assessment approach
described here for their IHS assets and any other assets on what
they define to be on their highest priority network. The result of
this approach is a set of priorities for risk mitigation. A descrip-
tion of the assessment and its results should be included in the
Interstate Asset Management Plan described in Section 2.0.

In developing the proposed approach the research team
has adhered to the following guiding principles:

• The entire IHS (or highest priority network) represents a
collection of assets of vital importance to maintaining socio-
economic growth and prosperity. A transportation agency
should have an approach to managing programmatic risks
for all of its assets. Particularly for the IHS assets it owns, an
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agency also should consider external, nonprogrammatic
risks to these assets that could result in system failure and
determine what mitigation actions could best minimize risk.

• In evaluating risk, ideally one would use consequence mod-
eling approaches which compute/impute risk (both materi-
alized and avoided) in financial terms. If possible, one should
try to explicitly calculate the likelihood of a risk occurring, the
impact of the risk in terms of mobility and safety measures,
and the costs of mitigation. When quantitative modeling is
not feasible, the most reasonable, but still performance-
based, subjective method should be used for assessing risk
and prioritizing risk mitigation. Subjective approaches are
often required given the lack of necessary data for quantify-
ing costs of a risk in financial terms. For instance, for struc-
tures there are many well-known but poorly quantified risks,
and there are few models available for calculating the relative
likelihood of different risks to structures.

• Ideally risk management should be pursued at the pro-
grammatic level within a transportation agency. It is an ac-
tive function and its membership is drawn from all the
stakeholders of interest within the governing agency and its
intersecting stakeholder groups.

• Implementing risk management requires involvement of
all levels of an organization. A basic requirement is that an
organization has an organizational structure for identify-
ing what risks should be managed. Section 3.3 discusses in-
stitutional roles and responsibilities further.

The following subsections describe how to determine what
risks should be addressed in an Interstate Asset Management
Plan, and present a step-by-step approach to risk assessment.

Risks Addressed in the Interstate Asset
Management Framework

To help identify the categories of risk that should be ad-
dressed, one should consider the universe of risk illustrated
in Figure 3.2, and derived from the oft-used risk formula:

The vertical axis of Figure 3.2 represents the probability
(from low to high) of a particular threat/hazard materializing
and the horizontal axis represents the consequence (from low
to high) of the materialized threat/hazard. Any threat/hazard
can be located in this risk universe.

The proposed approach focuses on the right hand quad-
rants shaded red and gold. Threats/hazards in these two
quadrants have the greatest consequences in terms of:

• Human safety (injury and/or loss of life);
• Property damage; and
• System/mission disruption.

Risk Probability of the occurrence of an ev= eent
Consequence of an event

( )
× ( )

This is not to suggest that threats/hazards that fall into the
other two quadrants are unimportant. However, it is the ex-
perience of the industry that risks with high probability of oc-
currence (e.g., minor incidents, winter operations, etc.) but
that do not reach the threshold for any of the three conse-
quence categories identified above are usually dealt with pro-
grammatically.

Consistent with the draft NCHRP 20-59(17) report (6), the
following taxonomy of threat/hazard types focuses in higher-
consequence risks:

• Unintentional hazards. Unintentional hazards are usually
created by human-induced traffic incidents, due to insuf-
ficient skills or experience in design, operation, or enforce-
ment of vehicles.

• Natural hazards. Natural hazards include major weather
or geological events that might cause significant loss of life,
destruction of assets, or long-term interruption of agency
mission.

• Intentional threats. Intentional hazards include terrorist
attacks, crimes, and war. They are less frequent and less
predictable and involve active countermeasure evasion by
criminals and terrorists.

• Performance risks. Risk or underperformance of an asset
due to design, materials, and construction defects coupled
with lack of accurate condition inspection or forecasting
capabilities cause more-than-expected wear and tear on
assets or hindrances to operations. They could also be re-
curring events with reasonable predictability (such as heavy
snow fall accumulations, minor traffic incidents, etc.).

Note that performance risks are treated as programmatic
risks described previously, and therefore handled in routine
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asset management and operations planning. Several examples
of these lower-consequence risks are listed in Table 3.1. These
are grouped into a single category, as the focus of the present
study is on risks of system failure. However, this category can
be further expanded into a wide variety of different risks that
fall within this category.

Risk Assessment Process

The fundamental objective of the proposed risk mitiga-
tion process is to provide IHS owners with a practical ap-
proach to augmenting their programmatic risk management
activities with an approach for addressing risks of system
failure for their IHS and any other critical assets. The result
of the process is a set of risk mitigation priorities included in
the Interstate Asset Management Plan, supplement other
types of asset needs, and can be used as an input to the re-
source allocation process. Figure 3.3 illustrates the risk man-
agement philosophy that forms the basis for the proposed
approach.

The core elements of the philosophy are:

• It uses scenario-based methods for risk identification;
• It considers IHS and related overall transportation system

disruption for consequence analysis where feasible;
• It supports and encourages the use of direct and indirect

economic losses resulting from realized threats/hazards as
key focal points to drive investment decisions. However, it
also provides a well established alternative that can be used
in situations where there is insufficient data to perform the
calculations, which is quite often the case;

• It considers mitigation measures and their effectiveness as
avoided losses in the cost stream; and

• It allows for the consideration of benefit/cost analysis
where practical and return on investment metrics to help
identify risk mitigation priorities.

Figure 3.4 presents the proposed step-by-step process for
performing the risk assessment. The following paragraphs de-
tail the steps in the process.
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Table 3.1. Risk types and examples.

Risk Type  Example  Likely Impact/Consequence  
Relative 

Frequency 
Influential 

Characteristics 

Unintentional 
Hazard 

Vehicular crashes 

Hazardous materials  
spill 

Oil spill  

Short-term road closure  

Loss of life  

Potential isolated structural   
failure 

High  Skill, experience,  
enforcement , 
operation, etc.   

Intentional Threat  Terrorist attack  

Crime 

War attack  

Short- or long-term road 
closure 

Loss of life  

Potential isolated structural   
failure 

Very low  Access, security,  
exposure, design  
features, etc.  

Natural Hazards  Heavy rain  

Strong wind  

Heavy snow and ice  

Earthquake 

Hurricanes 

Flood 

Mud/landslide

Short- or long-term road 
closure 

Loss of life  

Potential structural failure –  
isolated or corridor-wide  

Low  Structure type,  
location, etc.  

Performance Substandard design  

Construction defects 

Materials defects   

Unexpected heavy  
traffic 

Incorrect 
performance models  

Increased agency and user  
costs 

Increased work zone delay  

Reduced asset life  

High  Skill, experience,  
design, etc. 
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Step 1.a. Identify Hazards/Threats. The process begins
with the identification of threats and hazards of relevance, as
well as their respective magnitudes, probabilities, and spatial
distribution across the jurisdictional area based on actuarial
data, experience, or judgment. Hazards/threats identified in
this step should include, at a minimum, any natural or man-
made disasters for which mitigation is feasible that have been
encountered on IHS assets in an IHS owner’s geographic re-
gion. For instance, it is important to consider the potential
for hurricane/flood damage in coastal regions prone to
flooding. IHS owners on the Pacific Coast and in other seis-
mically active regions should consider potential for damage
from earthquakes. IHS owners nationwide should consider
potential risks to bridges, particularly bridges that have no
reasonable detour available, are fracture critical and/or sus-
ceptible to scour.

Step 1.b. Identify Critical Infrastructure Elements. Con-
currently with Step 1.a, an IHS owner must make a set of
policy-level decisions to identify critical asset groups and in-
dividual assets for analysis. Bridges and tunnels should be
identified, at a minimum, but an IHS owner may wish to in-
clude other asset types, depending on the types of risks identi-
fied and available data.

Step 2. Develop Threat/Hazard Scenarios. Combining
the results of Steps 1.a and 1.b, the IHS owner should next de-
velop a set of threat/hazard scenarios. Each scenario should
have an associated magnitude, probability, and location.

Step 3. Estimate Scenario Consequences. The scenario-
based analysis considers each asset or asset grouping (i.e.,
groups of assets with similar characteristics) and determines
the consequences of exposing them to each of the threats or
hazards identified. Consequences are measured in terms of
safety and mobility metrics, e.g., human safety, property
damage, and system/mission disruption.

There are two approaches to performing the consequence
analysis. The first, consequence modeling, is more objective
and results in the computation/imputation of a financial cost
that will result from each scenario under consideration. The
consequence modeling approach requires a larger input data
set to support the analysis and is more rigorous. In return, it
provides a more quantified estimate of consequences for ma-
terialized threats/hazards. This provides an economic benefit
value, which in conjunction with estimates of countermea-
sure costs, makes the option of establishing risk mitigation
priorities (Step 5) on a benefit/cost basis possible. Moreover,
consequence modeling can be used to study the impact of
materialized threats/hazards on the disruption of network ef-
ficiencies cutting across transportation and other related eco-
nomic sectors.

The alternative, more subjective approach, uses the conse-
quence threshold technique proposed in the draft NCHRP
20-59(17) report. This approach involves identifying the lev-
els of certain transportation asset characteristics, at and above
which the agency should consider taking action specifically to
mitigate one or more catastrophic risks. Examples of the types
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Figure 3.3. Overall risk management philosophy.
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of characteristics that must be considered in each of the three
areas are:

• Human Safety—Numbers of people killed or injured by a
particular event;

• Property Damage—Replacement cost of the asset(s) de-
stroyed; and

• System/Mission Disruption—The product of ADT, per-
cent trucks, detour distance and duration of outage.

These values must be estimated or calculated for each of the
critical assets or groups of assets identified in Step 1.b to see
which ones should be the focus of Step 4, during which risk
mitigation strategies and countermeasures will be identified.

Appendix A describes several example applications of the
consequence modeling approach. An example of the conse-
quence threshold approach (also referred to as “thresholding”)
is the New York State Department of Transportation’s Bridge
Vulnerability Rating described in Appendix B of NCHRP
Report 590 (7). This process, developed during the 1990s, de-
termines each structure’s vulnerability by combining the like-
lihood and consequences associated with different events, and
uses the vulnerability rating as the basis for prioritization.

Step 4. Identify Risk Mitigation Strategies and Counter-
measures. The next step in the process is the identification
of effective risk mitigation strategies or countermeasures for
each combination of initiating event (i.e., threat/hazard of a
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certain magnitude) and the analyzed asset or asset group.
This, again, is a policy decision based on experience and
judgment and can be codified in predefined countermeasure
matrices. Once effective countermeasures are identified and
estimates of costs developed, they need to be packaged to
maximize cost efficiency and reduce impact on mobility in a
given network.

Step 5. Establish Risk Mitigation Priorities. By looking
at the results of consequence analysis and the mitigation strate-
gies and countermeasures identified, as well as estimated costs,
the IHS owner can establish priorities among the potential
risk mitigation packages. This set of risk mitigation priorities
should be documented in the Interstate Asset Management
Plan and serve as an input into the agency’s overall invest-
ment decision-making process. It is in this process that in-
vestments from each of the agency’s programs, including risk
mitigation, must be looked at side by side and the agency
must then determine the desired mix of investments.

In the event that the more rigorous consequence modeling
approach was utilized in Step 3, avoided direct and indirect
losses arising from the implementation of each mitigation
strategy for a given asset is computed. This is treated as a ben-
efit for use in a benefit/cost analysis, where the cost compo-
nent is the cost of the mitigation strategy being employed for
the asset. As an alternative to a benefit/cost analysis, a return-
on-investment analysis can be performed which will allow for
phased mitigation strategy implementation over time to bet-
ter accommodate all the network needs.

3.3 Institutional Responsibilities 
for Risk Management

The implementation of the proposed risk management ap-
proach for the Interstate Asset Management Framework re-
quires a strong commitment and dedicated involvement of a
broad spectrum of representatives from various organiza-
tional levels and functional areas within an agency. Although
it is technically feasible to perform the analysis described in
Section 3.2 solely for the purpose of populating the Interstate
Asset Management Plan with a set of priorities for risk miti-
gation, realistically an IHS owner interested in instituting a risk
management approach must make a sustained commitment
to working on this issue. This section describes the institu-
tional responsibilities required for an IHS owner establishing
an ongoing risk management function.

First and foremost, the basic requirement for instituting a
risk management approach is direction and continuous sup-
port for the effort from top executives. Next, there must be
committed involvement by all of the pertinent departmental
managers who have a role in the effort. It is suggested that a
team or steering committee consisting of these managers be

established to provide oversight of and direction to the risk
management program efforts. There also needs to be involve-
ment by subject matter experts and caretakers of the vari-
ous management systems and databases (e.g., pavement,
bridge, maintenance, sign, financial, etc.). This multidiscipli-
nary team should collectively possess a working knowledge of
the owner agency’s mission, policies, plan, procedures, and
critical assets and operations. Important agency departmental
functions such as the following should be represented:

• Planning and programming;
• Budget and finance;
• Maintenance and operations;
• Construction;
• Design;
• Materials testing;
• Environmental management;
• Pavement and bridge management;
• Safety;
• Traffic operations;
• Facilities management;
• Communications; and
• Regional or district executives.

Given the nature of the threat/hazard emergency planning
and response recovery processes, there are external stake-
holders, such as the State Emergency Management Agency,
State Police, threat-specific specialists, and local first respon-
ders that should be considered as part of, or serve as a re-
source to, the team or steering committee.

This steering committee should establish protocols for risk
analyses, including identification of hazards/threats with
significant consequences, developing and costing counter-
measures, and benefit/cost analysis. The team or steering
committee may direct selected risk analyses to be performed
on certain asset groups or corridor segments. Upon comple-
tion and presentation of these risk analyses to the committee,
the committee should determine priority and recommended
courses of action for implementation. These actions can be
programmatic, for example, placing remotely controlled vari-
able message signs at all major interchanges or implementing
seismic retrofits on bridges located in a specific seismic region,
or project-specific, for example, upgrading a designated de-
tour route between two critical IHS interchanges.

Once high priority risk mitigation countermeasures have
been identified for promulgation, they must be funded,
planned, and programmed. Most DOTs have a standing pro-
gram management committee or process whereby periodic
adjustments are made to multi-year Statewide Transporta-
tion Improvement Plans (STIP). All DOTs have more worthy
projects than they can afford to do. One method of garnering
funding for a proposed risk mitigation effort would be for the
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risk proposal to directly compete for funding against other
worthwhile projects based on their ability to meet preestab-
lished system performance goals and on benefit/cost analyses
relative to those goals.

In addition to funding specific risk mitigation investments,
transportation agencies should and do establish annual dis-
cretionary or contingency funds specifically for risk mitiga-
tion or disaster response, and have priority risk abatement or
disaster recovery efforts vie for portions of such funds. A chal-
lenge in establishing such a fund is setting aside enough fund-
ing to address difficult-to-predict needs, while not setting
aside so much money that this creates unduly complications
in the capital programming process. Some amount of fund-

ing and attention is needed specifically for disaster response.
Many transportation agencies have established the importance
of budgeting for this function, and having well-established
and well-rehearsed protocols in place for responding to specific
types of disasters.

The bottom line is that the successful implementation of
an ongoing risk assessment process as a component of the In-
terstate Asset Management Framework requires institutional
planning, commitment, and continued personnel and financial
support. The benefits of a successful risk assessment process
go beyond the fundamental of risk avoidance, albeit the pri-
mary purpose, to the augmentation of the credibility and
accountability of the organization itself.
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Transportation asset management is a data-driven process
that requires collecting, processing, storing, and retrieving
data from a variety of sources and putting the data to use in
investment decision making. Having sufficient, detailed data
in a usable format is critical to successful asset management
implementation, so much so that data is frequently seen as a
valuable asset requiring investment. Analytical tools are used
to store and track data, and use the available data to support
predictions of future conditions, analysis of investment need,
and other applications.

This section addresses the data and tools required to im-
plement the Interstate Asset Management Framework. Sec-
tion 4.1 provides an overview of how asset data and tools sup-
port asset management. Section 4.2 describes existing data
resources available for supporting management of IHS assets.
Section 4.3 discusses existing analytical tools. Section 4.4
presents a set of recommendations for use of data and tools
to support IHS Asset Management. Section 4.5 discusses gaps
in the available data and tools. Appendix A details the litera-
ture review performed as part of this research, and contains
more detail on asset management data and tools.

4.1 Overview

Implementing an asset management approach for the IHS
first requires basic data on the full set of IHS assets. Table 2.1
lists the assets on the system, organized by roadway, struc-
tures, safety features, and facilities. At a minimum basic loca-
tion, inventory and condition data are needed for each asset
type. Additional data on potential actions and their costs are
important for modeling asset performance. Agencies typically
have data for pavements and bridges, but have varying
amounts of data for other assets. Although asset location,
inventory, condition, and cost data are perhaps the most
obvious and most fundamental types of data required for
implementing asset management, the framework described
in Section 2.0 establishes the need for other data as well.

Specifically, characterizing measures related to mobility, safety
and environmental performance necessarily requires data in
each of these areas.

Figure 4.1, reproduced from NCHRP Report 545 (8), pro-
vides a vision for how asset data and analytical tools support
asset management. As illustrated in the figure, analytical tools
utilize core asset data, together with business rules and analy-
sis parameters. These tools use techniques such as life cycle
costing, risk analysis, simulation, and optimization to pro-
duce their results, including analyses of needs and solutions,
evaluations of different treatment options, and details on
investment and performance tradeoffs.

The ideal system for supporting transportation asset man-
agement would be one that includes the following function-
ality for all assets and investment types:

• Storing and retrieving condition data;
• Establishing goals and performance measures;
• Identifying needs;
• Predicting future conditions and service levels based on

different investment scenarios and/or performance targets;
• Supporting development of capital and/or operating plans;

and
• Monitoring results.

Such a system could be used to help support each step of
the asset management process. Many agencies began explor-
ing the potential for management system integration in the
wake of the requirements for agencies to implement seven
types of management systems that were included in the Inter-
modal Surface Transportation Efficiency Act of 1991 (ISTEA).
In practice, however, the ideal asset management tool does
not exist. Data requirements, business rules, and analysis ap-
proaches vary significantly between asset and investment
types, greatly complicating any attempt to define a single sys-
tem for supporting the entire asset management process. Fur-
ther, limits on computer processing speed and memory,
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though continually being relaxed, are nonetheless important
factors that tend to restrict system functionality and scope.

Lacking the single, comprehensive asset management
system, agencies must instead use a variety of different informa-
tion systems, together with manual and/or spreadsheet ap-
proaches, to support implementation of asset management.
This section discusses five basic types of tools for supporting
the Interstate Asset Management Framework:

• Investment Analysis—These systems provide general
guidance on the performance predicted for one or more
asset types given a specified budget level.

• Management Systems—This category includes pavement,
bridge, and maintenance management systems, as well as
others. These systems are designed to support a broad range
of functions for one or more asset types. They generally have
inventory and condition data and may contain additional
functionality described for the other categories listed here.

• Needs and Project Evaluation—Needs identification and
project/treatment evaluation are central functions of an asset
management approach. An extensive set of systems has been
developed for supporting these functions. Typically these

systems use data from other management systems or require
project-specific inputs to perform analysis. Systems in this
category include systems for needs identification; testing
alternative policies for scoping, timing, or design; evaluation
of projects or strategies; project prioritization; lifecycle cost
analysis; and risk analysis.

• Risk Assessment—This category includes tools specifically
designed to calculate risks of system failure, predict conse-
quences of risk, and assist in prioritizing investments in
risk mitigation.

• Results Monitoring—This category includes systems that
help monitor performance and costs over time, such as on
costs and effects of maintenance and construction actions.

4.2 Asset Management Data

Federal and state transportation agencies have been collect-
ing highway related data since the 1950s. Although the reasons
for data collection have varied, typically data have been col-
lected to support infrastructure management practices, com-
ply with Federal mandates, support research, and support
Federal resource allocation.
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Figure 4.1. Context for an analytical toolbox.
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This section provides an overview of data available for IHS
Asset Management, focusing on Federally mandated data sets
and other types of databases commonly maintained by state
DOTs. Federally mandated data sets have significant potential
for supporting the framework because all agencies have access
to the same data in the same format. However, the framework
is flexible so that agencies can augment Federal data with data
from their other databases. While agencies typically follow
Federal guidelines for data collection, even when collecting
data that goes beyond Federal reporting requirements, in
some areas there are no specific standards on how certain
types of data are to be collected, stored, or reported. The fol-
lowing subsections are organized by asset type, with additional
subsections on mobility, safety, and environmental data.

Almost every aspect of the Interstate Asset Management
Framework requires data of some kind. Fortunately, as de-
scribed below, most agencies have already made significant
data investments and have access to a wide range of data. It is
recommended that agencies work to fully leverage these exist-
ing data resources.

Roadway Data

Highway Performance Management System (HPMS)

The HPMS is a national transportation data system pro-
viding detailed data on highway inventory, condition, perfor-
mance, and operations. It describes functional characteristics,
traffic levels, and pavement conditions for all IHS sections.
Since its initial development, the HPMS has been modified
several times. It has recently undergone a major reassessment,
referred to as HPMS Reassessment 2010+. The objectives of this
initiative were to reflect changes in highway systems, national
priorities, technology, and to consolidate and streamline
reporting requirements. The final assessment report (9),
described in Appendix A, lists additional data items to be
added to the HPMS. The current version of the HPMS includes
two measures of pavement condition: PSR and IRI. HPMS
2010 will contain additional measures of rutting/faulting and
cracking, consistent with AASHTO standards for pavement
data collection.

Pavement Management Systems (PMS) Databases

Most agencies collect pavement data required to run a
pavement management system (PMS). PMS databases are
needed for supporting the Interstate Asset Management
Framework, but there is no standard format for how this
information is collected or stored. For example, in a recent
survey of 45 state DOTs performed by Applied Research
Associates, more then 80 percent reported that they collect
basic pavement inventory data (e.g., pavement type, lane
width, shoulder type, shoulder width, number of lanes, layer

thicknesses). Between 35 to 40 percent reported that they
collect detailed inventory data (e.g., pavement layer material
properties, subgrade type, and drainage).

The survey also showed variances in terms of the types of
pavement condition data collected. All of the agencies sur-
veyed collect IRI and rutting data. Over 90 percent collect
data on fatigue/alligator cracking and transverse cracking,
while 84 percent collect data on longitudinal cracking in the
wheel path. In addition, 29 percent of the agencies in the sur-
vey collect Present Serviceability Index (PSI), 69 percent col-
lect surface friction, and 56 percent collect a composite index.
(These figures are for hot-mix asphalt (HMA) pavement.
They vary for other types of pavement.)

Structure Data

National Bridge Inventory (NBI)

The NBI is a Federally mandated database of bridge inven-
tory and conditions compiled by state DOTs for submission
to FHWA. It contains data on all bridges and culverts on or
over U.S. roads that are greater than 20 feet in length, and
data on many tunnels. The NBI data set contains condition
data by bridge component: deck, superstructure, substruc-
ture, channel/channel protection, and culvert. It also contains
data on a bridge’s functionality, such as underclearances and
load posting information.

Pontis Bridge Management System (BMS)

In contrast to the situation with PMS, most states (over 40)
license the AASHTO Pontis BMS, making this system the
defacto standard for BMS data in the United States. The Pontis
database contains all the NBI data items, as well as more 
detailed element-level inspection details. For example, the NBI
file contains a single condition rating for a bridge’s super-
structure. The Pontis database contains additional data on the
distribution of conditions by condition state for each struc-
tural element of the superstructure, including elements such
as girders, stringers, floor beams, etc. AASHTO has developed
standard element descriptions and condition state language,
referred to as “Commonly Recognized (CoRe) elements” for
use with Pontis and other BMS (10). However, states using
Pontis may specify their own elements and most have done
so, supplementing or replacing the CoRe element language.
Further, most agencies that have implemented Pontis have
added agency-specific data items to the Pontis database.

Other Structure Data

The NBI file described above contains inventory information
for many tunnels and inventory and condition information
for some culverts (where the length of the culvert measured
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along the centerline of the roadway is over 20 feet long).
There are no other Federal databases containing data on non-
bridge structures, including tunnels, culverts, retaining walls,
sign support structures, and other structures. However, a
number of agencies store data on other structures in their
BMS. The collection of data on these assets varies significantly
between state DOTs.

FHWA has published Guidelines for the Installation, Main-
tenance, and Repair, of Structural Supports for Highway Signs,
Luminaries, and Traffic Signals (11). This guide recommends
performing an element-level inspection for these structures,
similar to that commonly performed for bridges, and recom-
mends specific elements that should be inspected for each
structure type. Separately FHWA has developed the Highway
and Transit Tunnel Inspection Manual (12) with recommended
inspection practices for tunnels. AASHTO has published the
Asset Management Data Collection Guide (13). This document
contains recommendations regarding data collection for a
number of assets, including drainage assets. There are no
Federal guidelines for asset management data for culverts,
retaining walls, or noise barriers, though Appendix A describes
recent work describing available systems and approaches for
these assets.

Safety Feature and Facility Data

Many state DOTs maintain some form of inventory of their
safety features and facilities, ranging from paper files and maps
to computer database systems. There are no Federal standards
for collection of asset data for safety features and facilities, and
no real consistency in the data available from one agency to
another. The most common approach to using this to support
asset management is through development of maintenance
levels of service (LOS) as part of a performance-based budget-
ing or maintenance quality assurance program. This approach
is detailed in NCHRP Web-Only Document 8 (14). LOS values
are typically calculated by maintenance program (e.g., roadside,
drainage, vegetation, etc.) and can be reported either on a letter
scale (A through F) or numeric scale.

Four resources detailed in Appendix A describe the state of
the practice in asset management data collection for safety
features and facilities. NCHRP Synthesis 371 (15) details data
available for signals, lighting, signs, pavement markings,
culverts (treated as structures in this report), and sidewalks.
The 2006 white paper “The Use of Highway Maintenance
Management Systems in Statewide Highway Agencies” 
describes a survey of maintenance management data and
systems performed in 2005 (16). Further, the report on the
recent Transportation Asset Management Domestic Scanning
Tour conducted as part of NCHRP Project 20-68 details best
practices examples for asset data collection in a number of
agencies (17). The Asset Management Data Collection Guide

(13) provides examples of best practices for a number of assets,
and recommends specific inventory and condition data items
to collect for assets including signs, guardrails, and pavement
markings. Also, this guide presents a set of criteria for deter-
mining what data to collect for an agency’s assets that is par-
ticularly applicable to assets classified here as safety features.

Mobility Data

The HPMS is the major source of mobility data for the IHS,
particularly at a national level. It contains average annual daily
traffic (AADT) data for all segments and additional functional
data needed for modeling mobility-related measures. The
FHWA Highway Economic Requirements System—State Ver-
sion (HERS-ST) takes HPMS data as an input and can be used
to model mobility measures. All DOTs have developed some
form of database for tracking highway inventory and traffic
data in addition to what is required for HPMS reporting. There
are no standards for how this additional information is col-
lected or stored. NCHRP Web-Only Document 97 (18) details
best practices in collecting IHS mobility and operations data.

Safety Data

Fatality Analysis Reporting System (FARS)

NHTSA National Center for Statistical Analysis maintains
the Fatality Analysis Reporting System (FARS). Established in
1975, FARS contains data describing all fatal accidents occur-
ring on public roads in the United States. Data included in the
FARS database are collected by state and local police officers,
coroners, emergency medical services, and state motor vehi-
cle administrations. Data describing approximately 40,000
fatal accidents are added to the FARS annually.

Highway Safety Information System (HSIS)

The FHWA’s Highway Safety Information System (HSIS)
is a multistate safety database that contains accident, roadway
inventory, and traffic volume data. The University of North
Carolina Highway Safety Research Center and the FHWA
maintain the database. The participating states—California,
Illinois, Maine, Michigan, Minnesota, North Carolina, Utah,
and Washington—were selected based on the quality of their
data, the range of data available, and their ability to merge
data from the various sources. HSIS is used to study current
highway safety issues, direct research efforts, and evaluate the
effectiveness of accident countermeasures.

State Crash Data Systems

Crash data are collected by police officers at the scene of
crashes. Every state has a unique system for collecting crash
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data based on police accident reports (PAR), and an admin-
istrative structure for controlling the data. Most PAR data
collected by states are similar in nature. Different data schemas
have been developed for crash reporting, but there is no 
national standard for these data. The TransXML schema is
one example developed through NCHRP Project 20-64. As
described in Appendix A, this schema is based on the Model
Minimum Uniform Crash Criteria (MMUC).

NHTSA’s National Center for Statistical Analysis maintains
a sample of state crash data through its National Accident
Sampling System/General Estimates System (NASS/GES). The
NASS/GES contains an annual sample of police-reported traf-
fic crashes in the United States, which is used to estimate the
number of U.S. traffic accidents and their injury outcomes.
Unlike the FARS, which only contains data describing crashes
involving fatalities, the NASS/GES contains data on both fatal
and nonfatal accidents. The NASS/GES was created in 1988.
More than 50,000 accidents are recorded in this database
each year.

State Highway Safety Improvement Plans (HSIP)

Each state is required to develop a HSIP on an annual basis
detailing its use of Federal transportation safety funding. At a
minimum, a state’s HSIP has sections on planning (including
information on data collection and maintenance, identification
of hazardous locations and elements, and project priorities),
implementation of planned safety improvement and evalua-
tion of completed improvements. The HSIP is a useful source
of data for information on state-level safety improvement
needs and trends.

Environmental Data

There exists little environmental data available, particu-
larly on a consistent basis from agency to agency, for support-
ing the Interstate Asset Management Framework. NCHRP
Web-Only Document 103 (19) details data sources and analy-
tical tools used by transportation agencies for environmental
management.

Risk-Related Data

Supporting the risk management approach described in
Chapter 3 requires information on risks to transportation
infrastructure and information for predicting consequences,
as well as the detailed asset data described in previous sub-
sections. Information on the risks to transportation infra-
structure is particularly sparse. The NBI contains data on
certain types of risks to structures, through detailing bridge
design types and materials, through specifying whether or not
a bridge has fracture critical details, and by storing information

on bridges’ vulnerability to scour. The review found no other
data sources available on a consistent basis for use in assessing
risk to infrastructure. However, in many cases individual IHS
owners have performed some form of assessment of the risks
they perceive to be greatest (e.g., of seismic vulnerability in
California, likelihood of flooding in the event of a hurricane
in Gulf Coast states, etc.). In theory the National Asset Database
provides a comprehensive listing of critical infrastructures
and assets. However, both the Department of Homeland
Security and Congressional Resource Service have reported
significant problems with this database, particularly with
regard to consistency in classification of “critical assets” from
state to state (20) (21).

For predicting consequences of risks, many state DOTs
and Metropolitan Planning Organizations (MPOs) do have
statewide or regional travel demand models that can be used
to model the disruption in the event of system failure. Currently
the Interstate 95 (I-95) Corridor Coalition is developing an
integrated travel demand model for the states along I-95 that,
once developed, could be used for consequence modeling.
For bridges, the NBI specifies the traffic on and under each
IHS bridge, as well as the detour distance around the bridge.
This information can be used to approximate consequences
for bridge-related risks.

4.3 Analytical Tools

This section describes the evaluation of the available ana-
lytical tools for supporting the Interstate Asset Management
Framework. The review described in Appendix A yielded a
large number of examples of analytical tools for supporting
asset management. The existing tools have been organized
by the system types described already: investment analysis
systems; management systems; needs and project evaluation;
risk assessment; and results monitoring. Specific systems
available in the public domain are noted. Otherwise, the text
describes general functionality available in the existing agency
and commercial off-the-shelf (COTS) systems.

Investment Analysis

The review included several examples of investment analy-
sis tools. FHWA’s HERS-ST, the state version of the Federal
HERS program, uses HPMS data to predict highway invest-
ment needs and measures. The system simulates both pave-
ment preservation and highway capacity expansions needs.
FHWA itself uses a Federal version of HERS for developing
its biennial report on the conditions and performance of U.S.
highways, bridges, and transit (the C&P Report). HERS-ST is
notable in that it is one of few systems that generates needs for
new capacity. This functionality is in contrast to that provided
in other tools, which typically can evaluate a set of project or

27

An Asset-Management Framework for the Interstate Highway System

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14233


network improvements, but lack functionality for needs gen-
eration. Further, HERS-ST projects a wide range of perfor-
mance measures, including selected preservation, mobility
and accessibility, safety, and environmental measures. Issues
agencies encounter in using HERS-ST include:

• The system is designed to model HPMS sample sections,
using the expansion factor to approximate needs for
nonsample sections. One can either run the system using
sample section data, or supplement the HPMS data, quan-
tifying the additional data items required for sample sections
for universal sections, as well. For high-level analysis the
use of sample section data is completely appropriate, but
for more detailed analyses one may need to supplement the
sample section data.

• The system has relatively limited modeling of pavement
conditions, given the only measures of pavement condition
available in the HPMS are IRI and PSR. FHWA plans to
revise the pavement models in HERS in conjunction with
the planned changes in the HPMS.

• The system relies on future traffic predictions in the HPMS.
Frequently these values are populated using an overall
adjustment factor, rather than through use of a travel 
demand model.

• Indiana DOT (INDOT) has developed an approach for
using HERS-ST to support its planning process, accounting
for all of the issues described above. The agency models
each of its pavement sections as a sample section (supple-
menting the HPMS data with additional data available
from its road inventory database), and defines specific
improvements in HERS-ST, with traffic data generated
from the agency’s statewide travel demand model, where
a specific improvement has been scoped. Also, INDOT
disables the pavement deterioration models in HERS-ST,
instead using its own, more detailed PMS for modeling
pavement conditions.

The World Road Association (PIARC) offers HDM-4 for
analysis of roadway management and investment alternatives.
The system has been used internationally to evaluate road proj-
ects, budget scenarios, and roadway policy options. HDM-4
has functionality similar to HERS-ST, with a more detailed set
of pavement models. However, the system does not use HPMS
data as an input, and has not been implemented in the U.S.

FHWA’s National Bridge Investment Analysis System
(NBIAS) is designed for modeling national-level bridge 
investment needs. FHWA uses NBIAS in conjunction with
HERS when preparing the C&P Report, and has recently
made a number of enhancements to the system to facilitate
state use. The system uses a modeling approach originally
adapted from the Pontis BMS to predict bridge preservation
and functional improvement investment needs. FHWA has

performed work on NBIAS to modify its models to predict
benefits in as similar as possible a manner to HERS, and to
populate the system with default data, including default user
cost models, agency cost adjustment factors for each state,
and bridge deterioration models for each HPMS climate
zone. The system takes NBI data as its input, but also can
import element-level data where available.

The Multi-Objective Optimization System (MOOS) 
network-level model is a spreadsheet tool for bridge investment
analysis detailed in NCHRP Report 590 (7). The system uses
data on work candidates generated separately to project 
future conditions and performance given performance and/or
budget constraints and objectives. The tool supports use of a
multi-objective approach, but requires extensive data to run,
to be specified for each individual bridge using the MOOS
bridge-level model. The California DOT (Caltrans) has adapted
concepts from NCHRP Report 590 in its recent revisions to
the process for updating the Caltrans Strategic Highway
Operations and Protection Plan (SHOPP). The bridge analysis
performed for the SHOPP update process considers needs for
bridge rehabilitation, guardrail improvements, seismic retrofit,
scour mitigation, and functional improvement using a multi-
objective approach. The process is supported by a number
of tools, including the Pontis BMS and AssetManager NT
described below.

AssetManager NT, developed through NCHRP Project
20-57 (8) and now released through AASHTO, is an investment
analysis tool designed to integrate data from other investment
analysis and management systems. It takes analysis results
generated by systems such as HERS-ST, NBIAS, and agency
management systems as inputs, and uses this information to
show performance measure results over time for different
funding scenarios. The system includes spreadsheet “robots”
for automatically running HERS-ST and the Pontis BMS to
generate system input. The system is unique in its ability to
integrate analysis results from different sources in one display.
However, COTS management system vendors have built upon
their existing systems to provide similar functionality, where
an agency uses the vendor’s system for all of its analysis, as
described later.

In addition to the systems described, a number of agencies
have developed their own investment analysis approaches, fre-
quently using spreadsheets, to support the process. The Alaska
Department of Transportation and Public Facilities and Michi-
gan DOT are two examples of agencies that have developed
spreadsheet approaches. Other agencies have developed their
own cross-asset analysis systems. The Ministry of Transporta-
tion of Ontario (MTO) has developed a prototype Executive
Support System (ESS) for cross-asset analysis. The system
includes functionality similar to AssetManager, as well as a pre-
processor for using work candidate and asset inventory to sim-
ulate future conditions and performance. The New Brunswick
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Department of Transportation has recently adapted the Remsoft
Spatial Planning System (RSPS) to perform strategic analysis
of its pavement and bridge investment needs. RSPS is a suite
of tools originally designed for developing long-term forest
management plans. RSPS includes the Woodstock modeling
system, used to formulate optimization models, which are then
solved using a separate linear program (LP) solver.

Management Systems

Pavement. PMS are used to collect, store and retrieve
pavement inventory and condition data. These systems are
used to reduce data, summarize conditions, support develop-
ment of pavement treatment rules, model future conditions,
and perform analysis of investment needs, and develop stan-
dard query reports. All U.S. agencies have some form of PMS,
and all use their pavement systems to support HPMS and
other reporting. There are a number of commercially avail-
able PMS, including systems offered by the Army Corps of
Engineers, Deighton, Agile Assets, and Stantec. There are sev-
eral additional state-specific systems in use.

Typically PMSs allow for specification of multiple mea-
sures of distress, including roughness, rutting, cracking/
faulting, and other measures. Most systems support flexible
specification deterioration models for each measure of distress
and decision rules, allowing for a range of treatments triggered
by different distress measures. The available systems use dif-
ferent approaches to project-level analysis for recommended
specific treatments over time for given pavement section and
network-level analysis for predicting overall conditions over
time given a budget constraint and/or other constraints.

In part because the available systems are so flexible in their
design, a challenge agencies face in using the available systems
is in determining what distress measures to model, how to
predict deterioration over time, and what treatments should
be triggered at different condition levels. Increasingly, agen-
cies are using the concept of Remaining Service Live (RSL) for
developing pavement deterioration models and treatments.
RSL typically is defined as the life of an asset from the time it
is completed for use until application of the first significant
rehabilitation or reconstruction of the asset. The placement
of a structural HMA overlay (versus a thin overlay) or recon-
struction signals the end of a pavement’s serviceable life; the
application of minor maintenance treatments is not considered
significant enough to indicate the end of service life. In con-
junction with the concept of RSL, survival analysis can be used
to determine the mean service life for a family of pavement
sections or other assets with similar characteristics (e.g., design,
usage, climate). Survival analysis utilizes information on
assets still in service and assets that have either failed or been
rehabilitated or reconstructed to predict a time-dependent

survival probability that can be used to establish a pavement
deterioration model.

A feature of the more advanced commercially available
systems is that these systems can model other assets besides
pavement, provided an agency has the data and models to
support such an analysis, and subject to a number of modeling
assumptions. Also, the systems from Deighton and Agile Assets
offer the ability to view analysis results across assets modeled in
the system. Utah DOT has successfully used the Deighton’s
dTIMS CT system to perform analysis across assets, including
pavement, structures, safety, mobility, and maintenance needs.

Bridge. BMS are used for storing bridge inventory and in-
spection data, supporting reporting, modeling bridge condi-
tions, recommending work, and other functions. Nearly all
U.S. agencies have a BMS to support collection of bridge in-
spection data. Many, though substantially fewer, use their BMS
for bridge modeling. Commercially available bridge man-
agement systems that have been put into production in the
United States and Canada include AASHTO’s Pontis, Delcan’s
BRIDGIT, and Stantec’s Ontario Bridge Management System
(OBMS). All of these systems store data and model bridges at
an element or component level, going beyond characterizing
conditions at a finer level than the deck, superstructure, and
substructure ratings in the NBI.

In addition to these systems, many agencies have devel-
oped their own systems for storing bridge inventory and in-
spection data and/or modeling bridge conditions. Agencies
such as Alabama DOT and New York State DOT developed
BMS prior to the release of Pontis and continue to use their
agency-specific systems. Other agencies have developed bridge
inventory and inspection systems, while using Pontis for any
modeling needs, or use Pontis with extensive customizations.
For instance, Caltrans has developed the Structures Mainte-
nance and Reports Transmittal (SMART) system using a
Pontis database and custom tables, with a custom user inter-
face. Florida DOT has made extensive customizations to
Pontis, and has developed a standalone spreadsheet for bridge
analysis (incorporated in the MOOS Bridge Level Tool detailed
in NCHRP Report 590).

Maintenance. Maintenance management systems (MMS)
often are used to inventory and characterize conditions of
roadside assets besides pavements and bridges, including road
shoulders, nonbridge structures, and safety features. Transpor-
tation agencies use a number of different tools to support their
maintenance management functions. Different approaches
to maintenance management systems can be summarized as
follows:

• Legacy highway MMSs. Several states use MMS that were
developed in the 1970s and 80s. These systems are often
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mainframe or client/server systems that field crews use to
enter labor, equipment, and materials usage by activity type.
These systems enable maintenance managers to develop
maintenance budgets and plans based largely on what work
was accomplished in previous years. In the legacy systems,
the inventory data are either nonexistent or consist of a
rudimentary features inventory. As these legacy systems
have been upgraded, many have evolved into inventory-
based systems, as described below.

• Inventory-based highway MMSs. These systems provide
many of the features of the legacy systems, and add more
sophisticated approaches for tracking inventory data. A
number of commercially available asset management sys-
tems fall in this category, including Agile Assets’ Maintenance
Manager, Infor’s Asset Management Suite, CartêGraph’s
Management Suite, Exor’s Highways Suite, and the Mainte-
nance Activity Tracking System (MATS) jointly developed
by the DOTs of Maine, New Hampshire and Vermont.

• Nontransportation work management systems. Many
large private sector firms that are responsible for some
type of asset maintenance use work order systems to plan,
schedule, and track maintenance activities. One example
of this type of system is IBM’s Maximo. Work orders can
be generated by Maximo automatically based on preven-
tive maintenance schedules, or specified by maintenance
mangers based on local knowledge. Information associated
with work orders can include location, date, activity, per-
sonnel, materials, and equipment usage (both planned and
actual). Although these systems are not designed specifically
to support the public transportation sector, they can be used
by transportation agencies wishing to track maintenance
work orders.

• Enterprise resource planning (ERP) systems. ERP systems
are enterprise-oriented products that offer a suite of inte-
grated modules covering financial and operations man-
agement. SAP is a common ERP system. SAP has several
financial modules including General Ledger, Payables and
Receivables, Controlling (budgeting), and Asset Account-
ing. Its also includes four modules that may be applicable
to the maintenance management function: Plant Mainte-
nance, Service Management, Materials Management, and
the Project System. A cross-application timesheet module
(CAT) also is available through SAP, which interfaces to the
financial, logistics, and human resource families of products.
In addition, a business information warehouse product
provides data warehouse capabilities, allowing linkages
between SAP and external data. A number of state DOTs are
implementing ERP systems to support maintenance man-
agement, including Pennsylvania, Idaho, and Colorado.

• Performance-based budgeting systems. A number of DOTs
have developed spreadsheets or systems for supporting a
performance-based maintenance budgeting approach, as

detailed in NCHRP Web Document 8 (14) and described
previously. This approach requires agencies to conduct
physical inspections on a sample of the network and model
the relationship between expenditure and the resulting
condition. The analytical functionality required to support
this type of budgeting is not widely available in the types of
systems described above. Therefore, agencies pursing this
approach often develop standalone tools that draw infor-
mation from their MMS.

Other. Management systems have been developed for a
variety of other assets, including but not limited to signs, cul-
verts, tunnels, ITS equipment, and facilities. Generally, but by
no means exclusively, these systems focus on supporting col-
lecting and reporting basic inventory and inspection data.
There are many best practice examples for these systems, but
little or no standardization between them concerning data
requirements and functionality.

Regarding other structures besides bridges, there are varying
practices in use for managing these. Most agencies do store
data on culverts that are at least 6.1 meters (approximately
20 feet) long, as these are included in the NBI. In many cases,
agencies store data on shorter culverts, tunnels, and other
structures in their BMS, as well. This approach, where used,
facilitates use of BMS functionality for predicting future
conditions and performance. However, often data on other
structures is stored separately, or simply not stored in an elec-
tronic format. New York’s Metropolitan Transportation
Authority—Bridges and Tunnels uses its Capital Programming
System to store detailed data on conditions and predicted
future needs for nine major bridges and tunnels in and around
New York City. FHWA has issued guidance on tunnel inspec-
tion procedures and developed a Tunnel Management System
that demonstrates collection of tunnel inventory and inspection
data. Also as noted in Section 4.2, FHWA has issued guidance
on sign, light, and traffic signal support structures recommend-
ing inspection data be collected for these structures using the
element-level approach established in Pontis.

Needs and Project Evaluation

Many of the analytical tools developed for asset manage-
ment fall into this category. Typically these tools are used to
analyze a user-defined scenario or project, calculating costs,
performance measures, or other parameters used to support
the decision-making process.

Surface Transportation Efficiency Analysis Model (STEAM)
and ITS Deployment Analysis System (IDAS) are tools for
evaluating network performance for a specified set of trans-
portation improvements. Both systems require information
on the improvements to be evaluated, and output from a
travel demand model. STEAM uses this information to 
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calculate a wide range of measures of transportation and
environmental performance for multimodal improvements.
IDAS is designed to evaluate the benefits of more than 60 types
of ITS investments.

A number of tools are available to evaluate project-level
costs and benefits. BCA.Net is a web-based tool developed by
FHWA for highway benefit-cost analysis. The system predicts
costs and benefits for a range of different highway projects,
and includes functionality for sensitivity analysis. BCA.Net
builds upon the models developed for older benefit-cost
analysis systems, most notably MicroBENCOST. A key feature
of the system is that because it is web-based, an agency user
can run the system without installing any software other than
an Internet browser. StratBENCOST is another system that
uses MicroBENCOST models, but applies them to multiple
project alternatives. TransDec is a tool for multimodal, multi-
objective project analysis. It helps prioritize projects or project
alternatives considering multiple objectives and measures.
AssetManager PT is a spreadsheet tool for project analysis. It
helps prioritize projects given information on the costs,
benefits, and performance impacts of a set of projects.

Several available tools are spreadsheet tools intended for
detailed lifecycle cost analysis (LCCA) for pavement or bridge
projects. RealCost is FHWA’s current tool for pavement
LCCA, replacing a number of earlier LCCA tools. The system
includes a number of advanced features, including models for
predicting user costs due to construction, and probabilistic
modeling of analysis inputs using Monte Carlo simulation.
BLCCA is a lifecycle cost analysis tool designed for bridge
LCCA. It is designed to use data from systems such as Pontis.
Like RealCost, it includes probabilistic modeling of input
parameters. The MOOS bridge level model predicts bridge
life cycle costs as well. It differs from BLCCA in a number of
respects. Specifically, MOOS includes consideration of multi-
ple objectives (e.g., minimizing costs, maximizing condition,
or maximizing overall utility) and incorporates preservation
models from Pontis. However, it lacks features of BLCCA
such as modeling of uncertainty in input parameters.

Many agencies have developed their own tools for project-
level analysis. Often these tools are used for initial screen-
ing of candidate projects. For instance, Caltrans uses the
spreadsheet tool Cal B/C for project analysis. Wisconsin
DOT developed a spreadsheet for calculating project-level
user benefits as part of its Mobility Project Prioritization
Process. The Ministry of Transportation of Ontario recently
developed a prototype spreadsheet tool, the Priority Economic
Analysis Tool (PEAT), for project-level benefit-cost analysis,
adapting models from HERS-ST and other systems. South
Carolina DOT has developed the Interactive Interstate
Management System (IIMS) for ranking interchange needs,
and calculating the costs and benefits of user-defined inter-
change improvements.

Risk Assessment

There are relatively few tools available for assessing risks of
system failure for IHS assets. Appendix A provides a number of
examples where risks have been characterized and prioritized
using either calculations of economic losses (e.g., through
creating risk scenarios and using a travel demand model to
estimate consequences) or thresholding approaches.

To the extent that tools have been implemented for risk
assessment, they typically have been used for assessing risks to
structures. As described earlier, Caltrans recently implemented
a multi-objective needs analysis approach supported using
AssetManager that includes consideration of risks to structures,
adapting the approach detailed in NCHRP Report 590.

Recently NCHRP published the Disruption Impact Esti-
mating Tool (DIETT) for prioritizing risks to transportation
choke points such as bridges and tunnels (22). It includes an
Access tool for filtering choke points and a spreadsheet for
prioritizing choke points based on potential economic losses
if the choke point were closed. The system is intended to be used
in conjunction with the Science Applications International
Corp. (SAIC) Consequences Assessment Tool Set (CATS).

Lloyds Register has introduced the Arivu system for pri-
oritizing maintenance actions for a range of assets such as
bridges, drainage structures and lighting based on risk. This
tool has been implemented for transportation agencies in the
United Kingdom.

The MOOS bridge level model described earlier is intended
as a project analysis tool, in that it considers a range of differ-
ent projects and is not limited to risk mitigation. However,
the tool can be used to prioritize risk mitigation for bridges
by focusing on project types intended to mitigate risks of
failure (e.g., seismic risks).

Results Monitoring

Transportation agencies typically use their pavement,
bridge, and maintenance management systems, described
above, for monitoring asset conditions over time. All agencies
have highway inventory systems and geographic information
systems (GIS) for storing geospatial data. These systems are
integrated to greatly varying degrees, with some agencies
integrating most or all of their management and inventory
systems with each other and their GIS, while others have
minimal integration.

For monitoring project delivery all agencies have additional
systems for construction and project management. A number
of agencies use AASHTO’s Trns*Port suite to support precon-
struction and construction management. Trns*Port includes
14 separate modules, with functionality in areas such as con-
struction cost estimation, letting and awards, construction
administration, bidding, and construction management.
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Summary of the Tool Evaluation

The analytical tools identified through the review were
evaluated to determine the degree to which they support the
Interstate Asset Management Framework. Table 4.1 lists sys-
tems and tools currently maintained, support at least one step
in the framework, and are available in the public domain and/or
through NCHRP research, from AASHTO or from FHWA.

4.4 Guidance on Data and Tools 
for IHS Asset Management

This section provides guidance on using available data and
tools for supporting the Interstate Asset Management Frame-
work. Guidance is provided for each asset category, as well as

for the areas of mobility, safety, environment, and integrating
results. Additionally, Table 4.1 lists specific analytical tools that
can be used to support asset management analyses consistent
with the guidance presented below.

A general issue in considering the data and tools needed for
asset management is that of degree of coverage. While it is
generally agreed that good data supporting quantification of
qualitative policies, goals, and objectives often are required to
properly manage highway assets, and agreement that asset man-
agement decisions should be supported by data, there is debate
over what constitutes good data and exactly how that data
should be used. Generally, the more complete, accurate, and
timely the data, the more expensive it is to collect. In determin-
ing the extent to which data should be collected for the Inter-
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Table 4.1. Analytical tool summary.

Tool System Type Available From Notes 

AssetManager NT Investment analysis AASHTO Integrates investment analysis 
results from multiple sources 

AssetManager PT Needs and Project 
Evaluation

AASHTO Prioritizes projects based on 
user-specified measures 

BCA.Net Needs and Project 
Evaluation

FHWA Performs benefit/cost analysis 
for highway improvements 

BLCCA Needs and Project 
Evaluation

NCHRP Bridge preservation life cycle 
cost analysis 

DIETT Risk Assessment NCHRP Prioritizes risks to transportation 
choke points 

HDM-4 Investment Analysis McTrans, Presses 
de l’ENPC (Paris)

Simulates highway investment 
needs, condition and 
performance

HERS-ST Investment Analysis FHWA Simulates highway investment 
needs, condition and 
performance

IDAS Needs and Project 
Evaluation

McTrans and 
PCTrans

Evaluates network impact of ITS 
improvements

MOOS Bridge 
Level Model 

Needs and Project 
Evaluation

NCHRP Assist in developing bridge-level 
strategies using data from 
Pontis.  Also can be used to 
prioritize investments to mitigate 
bridge risks 

MOOS Network 
Level Model 

Investment Analysis NCHRP Uses data from the bridge-level 
model to perform multi-objective 
analysis

NBIAS Investment Analysis FHWA Simulates bridge investment 
needs, condition and 
performance

PONTIS Management System AASHTO BMS licensed by most U.S. 
state DOTs 

REALCOST Needs and Project 
Evaluation

FHWA Performs benefit/cost analysis 
for pavement projects 

STEAM Needs and Project 
Evaluation

FHWA Evaluates network impact of 
multimodal improvements 

TRNS*PORT Results Monitoring AASHTO Supports preconstruction, 
contracting, and construction 
management
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state Asset Management Framework, it is important to weigh
the cost of data collection against the cost of poor decisions
from incomplete or inaccurate data. Also, it is important to
consider the possible use of the data for supporting asset man-
agement, and try to avoid the situation whereby an IHS owner
collects too little data to support asset management decisions
or, alternatively, more data than can practically be put to use in
a systematic manner. The guidance below has been developed
considering the need to find a balance between these extremes.

Roadways. IHS owners should collect roadway inventory
and inspection data consistent with HPMS reporting require-
ments on an annual basis. All IHS sections should be treated
as HPMS sample sections, implying the full set of HPMS data
items should be quantified for each section. Further, IHS
owners should collect additional measures of pavement condi-
tion consistent with the requirements of COTS pavement man-
agement systems and expected future HPMS requirements.

Agencies should use a pavement management system for
assessing current conditions, monitoring performance trends,
setting performance and budget targets, and identifying
candidate projects when updating the capital plan for pave-
ments. Existing COTS and agency-specific systems that support
measures of roughness, cracking, faulting and rutting pro-
vide sufficient support for implementing the Interstate Asset
Management Framework. An RSL approach is recommended
for modeling pavement needs. Where possible, survival analy-
sis should be used to establish pavement deterioration models
considering relevant performance risk. HERS-ST should be
run to validate the results obtained from an agency’s PMS, or
to act as a substitute for assessing conditions and setting per-
formance and budget targets where an agency lacks a PMS.

Structures. IHS owners should collect inventory and con-
dition data on all structures, preferably on a two- to four-year
basis. This guidance applies to bridges and other nonbridge
structures—tunnels, culverts/drainage structures, noise barrier
walls, retaining walls, overhead sign structures, and high mast
light poles—as all of these structures have the potential to fail
catastrophically, and thus lead to system failure (closure of a
portion of the IHS for some period) and possibly loss of life.

Bridge data are already collected for IHS bridges consistent
with NBI requirements. In addition to collecting NBI data,
IHS owners should collect inventory and condition data for
all structures at the element or subcomponent level. NBI data
is collected at the component level—deck, superstructure,
and substructure. These data provide an overall picture of
bridge condition, but are not sufficient for identifying specific
bridge preservation projects such as painting and repairs to
elements such as bearings or joints. Element level data pro-
vides the finer level of detailed condition required to identify
candidate projects.

IHS owners should use a BMS for assessing current condi-
tions, setting performance and budget targets, and identifying
candidate projects when updating the capital plan for struc-
tures. Pontis and other agency-specific systems that support
analysis of element or component-level conditions provide a
strong basis for implementing the Interstate Asset Manage-
ment Framework. NBIAS provides sufficient support for as-
sessing current conditions and setting performance and budget
targets for bridges. Spreadsheet analyses, preferably calibrated
using a BMS or NBIAS, may be used to support setting per-
formance and budget targets.

Safety Features and Facilities. IHS owners should 
collect inventory and condition data for all assets listed in
Table 2.1, including safety features, facilities, and shoulders,
sufficient for estimating the asset extent and the percent of
the extent functioning as intended. A maintenance manage-
ment system, which supports a maintenance quality-assurance
approach for assessing current conditions and setting perfor-
mance and budget targets by asset category, provides support
for IHS asset management. Alternatively, an RSL approach can
be used, particularly for discrete assets with known construc-
tion dates, such as facilities. The Asset Management Data
Collection Guide (13) recommends specific data items to
collect for selected asset types, including signs, pavement
markings, and guardrails. Also, this guide recommends cri-
teria for determining what data to collect as part of an asset
management data collection and is a particularly valuable
reference for determining what data to collect for assets
classified here as safety features.

Mobility and Safety. IHS owners typically have basic data
required for mobility and safety. The mobility-related data
items required for the Interstate Asset Management Frame-
work are collected for HPMS sample segments. IHS owners
should collect HPMS sample data for their entire IHS. IHS
owners already have access to counts of crashes and fatalities.

IHS owners should use HERS-ST to help set targets and
predict future values for mobility and safety measures. Agency
travel demand models, where available, can be used in con-
junction with HERS-ST to more accurately assess current
conditions and provide better estimates of future traffic.

Environment. For this area the primary challenge is in
defining a set of environmental performance measures, as
described in Chapter 5. At a minimum, IHS owners should
document environmental goals and commitments for IHS
assets, and track the degree to which they meet these commit-
ments on an annual basis. The prototype Environmental
Information Management System developed through NCHRP
Project 25-23 (2) (19) can be used to support an agency’s com-
mitment tracking process.
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Risk Assessment. The risk assessment approach described
in Chapter 3 should be used to prioritize risk mitigation 
investments for IHS structures, at a minimum. Existing BMS
do model performance risks, but do not consider needs related
to potential system failures from scour, seismic retrofit, fracture
critical bridges or other risks. Realistically, much of the analysis
of risks of system failure must be handled outside of existing
systems. DIETT or a multi-objective approach such as that
developed by Caltrans and supported using AssetManager
can be used to characterize risks to structures.

Additional Guidance. Agencies should integrate data
from their management systems for setting performance and
budget targets across asset and investment types. In performing
this analysis, agencies should compare predicted performance
across the full range of asset and investment types for multi-
ple investment scenarios. AssetManager NT, other emerging
COTS systems and/or agency-specific systems can be used to
support this analysis.

Projects for implementing safety or capacity improvements
should be evaluated using BCA.Net or comparable approaches.
For major capacity expansion projects, ITS investments, or
other candidate projects expected to have significant network
effects, network models such as IDAS or STEAM should be
used for candidate evaluation.

Where analytical tools that explicitly account for uncer-
tainty in project costs, outcomes and other parameters are
unavailable, sensitivity analysis should be used to test the
analysis results for variation in key modeling assumptions.
A summary of key assumptions and the sensitivity of the 
results to uncertainty should be prepared for each tool used
for analysis.

4.5 Gap Assessment

The research team found the following gaps in the avail-
ability of data and tools for supporting the Interstate Asset
Management Framework:

• Regarding other assets besides pavement and bridges, there
is a very large gap between the data and tools needed to
support asset management concepts and the reality on the
ground. NCHRP Synthesis 371 painstakingly documents
this issue for a selected set of assets. Stated simply, many
IHS owners do not have ready access to inventory and con-
dition data needed to describe their asset inventories or
summarize even rudimentary measures of physical condi-
tion. The existence of this gap suggests the following with
regard to an Interstate Asset Management Framework:
– It lends credence to the concept that an agency should

focus improving its asset management approach start-
ing with the assets on its highest priority network. If

there is value to be gained in or a case that needs to be
made for improving business processes, it makes most
sense to start with the IHS.

– It points to the likelihood of challenges in implement-
ing a new framework, even one that does focus solely on
an agency’s highest priority network. This issue has
been duly noted in development of the implementation
guidance in Chapter 6.

– It makes the case that the Interstate Asset Management
Framework cannot simultaneously be immediately ap-
plicable to all IHS assets and push the technical envelope
for other assets besides pavement and bridges. To pro-
vide a framework that is first and foremost of immediate
practical value, this report makes a distinction between
“core” and “comprehensive” measures required for an
Interstate Asset Management Framework in Chapter 5,
and recommends use of a “percent functioning as 
intended” as a basic measure for characterizing other
assets besides pavement and structures.

• Improvements to the HPMS, consistent with the planned
improvements to this system, will provide better data for
IHS assets. Specific improvements for enabling improved
IHS asset management include treating all IHS sections
as HPMS sample sections and supplementing the pavement
measures in the existing HPMS with measures of rutting,
cracking, and faulting.

• The RSL approach recommended for pavement analysis
can be implemented using existing management systems.
Unfortunately, the approach requires data and models that
are not yet supported in FHWA systems such as HERS-ST.
Some COTS pavement management systems can support
an RSL approach if appropriately configured.

• Although there are a number of tools available for ana-
lyzing user-defined improvements, there are few tools for
high-level investment analysis, particularly across asset and
investment types. For instance, HERS-ST and HDM-4
were the only systems identified through the review that
simulate generation of new highway capacity. AssetManager
NT was the only system identified in the public domain for
combining investment analysis results across asset and
investment classes.

• The risk management approach described in Chapter 3
assumes that certain risks should be handled programmat-
ically using management systems. Some risks are handled
in such a fashion, but many are not. The review included
examples of approaches to handling risk programmatically,
particularly with regard to structures, but more work is
needed to introduce these approaches in COTS systems.

• Few tools were identified that can be used to support
analysis of risks of system failure in support of the approach
described in Chapter 3, though many quantitative tech-
niques do exist for performing risk assessment. Further
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research is needed to develop tools and approaches for
simplifying the process of prioritizing investments in risk
mitigation.

• The AssetManager tools are valuable tools for supporting
the Interstate Asset Management Framework, but realisti-
cally will require further enhancement to provide compre-

hensive support. AssetManager NT can be used to inte-
grate analysis results for multiple asset and investment types,
but can work with data from no more than four sources at
a time. AssetManager PT is a valuable tool for project pri-
oritization, but is implemented as a spreadsheet prototype
and not integrated with AssetManager NT.
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This section describes the performance management
approach recommended as part of the Interstate Asset Man-
agement Framework, and identifies core and comprehensive
performance measures for managing IHS assets. In this study,
“core” measures are performance measures that any IHS
owner agency should, in theory, be capable of capturing and
should appear in any Interstate Asset Management Plan. It is
recommended that IHS owners collect the additional “compre-
hensive” measures described here, pending time and resource
limitations.

Section 5.1 provides an overview of the role of performance
measures in asset management. Section 5.2 summarizes the
approach used to evaluate different potential measures for IHS
asset management. Section 5.3 details the recommended core
and comprehensive performance measures. Section 5.4 identi-
fies the most significant gaps related to defining a set of per-
formance measures for characterizing the IHS assets.

5.1 Overview

Performance measurement, defined as “the use of statistical
evidence to determine progress toward specific defined organi-
zational objectives . . . ,” (23) is a cornerstone of transportation
asset management. Performance management encompasses the
development of a set of measures for characterizing the per-
formance of an organization, setting specific targets or goals for
those measures, and monitoring the organization’s progress in
meeting those goals.

In recent years, much attention in the transportation com-
munity has been paid to adapting performance management
concepts originally developed in the private sector for use in
improving transportation management. Defining performance
measures is a key step in implementing an asset management
approach. Once performance measures are defined for an
organization, they help support asset management in three
basic ways. First, performance measures can be used to quan-
tify policy goals and objectives in a practical way. For example,
Oregon DOT translates agency goals into specific performance

measures in its annual performance progress report. Figure 5.1
provides an example for this report, depicting traffic fatalities
per 100 million of vehicle miles traveled over time (2001 to
2006). The figure also shows agency targets set for this measure
in support of the goal of improving travel safety in Oregon.

The second basic use of performance measures is to help
evaluate different options in the resource allocation process,
such as for determining how to prioritize different invest-
ments and/or comparing the impact of different funding lev-
els. Figure 5.2 is an example from the pilot performed for the
current study. For a sample interstate corridor, the figure
shows predicted Pavement Quality Index (PQI) for different
annual budget levels.

The third basic approach for using performance measures
to support asset management is to use performance measures
for monitoring progress to provide feedback on the effective-
ness of a program, and/or provide information on trends over
time. For example, Virginia DOT has established a web-based
dashboard for tracking system conditions and performance.
Figure 5.3 shows data on IHS pavement conditions from the
dashboard application. The dashboard provides details on
performance, safety, condition, and finance measures, as well
as on customer satisfaction and project delivery. Measures are
summarized at a statewide level and broken down by system,
county, and district.

The motivations for establishing performance measures
for asset management are well-understood. However, there
are no standard measures defined for managing IHS assets.
The remainder of this chapter describes the approach used to
evaluate different performance measures for inclusion in the
Interstate Asset Management Framework and presents a rec-
ommended set of core and comprehensive measures.

5.2 Evaluation Approach

Given the importance of performance measures to asset
management, a critical activity undertaken as part of this study
was to evaluate performance measures that can be used to
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Figure 5.1. Use of performance measures for quantifying goals.

Source: Oregon Department of Transportation (24).

Figure 5.2. Use of performance measures for evaluating options.

characterize IHS assets, and on the basis of the evaluation,
recommend a set of performance measures to include in the
Interstate Asset Management Framework. A key resource in
structuring and performing the evaluation was NCHRP Report
551, which details a review of existing practices related to per-
formance management, and provides guidance for establish-

ing a set of measures (4). Figure 2.4 provides a framework
for establishing performance measures and targets for asset
management. The approach to developing a set of perfor-
mance measures for use in reporting IHS conditions in an
Interstate Asset Management Plan has been adapted from
this framework. As indicated in Figure 5.4, identifying 
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performance measures involves five basic steps. The following
is a description of the activities performed for each of these.

Step 1—Review Existing Measures

A review of the performance measurement literature was
performed, as detailed in Appendix A. The review started with
the materials compiled by the research team previously and
summarized in NCHRP Report 551 (4). These materials were
supplemented with more recent materials and examples of
measures reported at a national level and/or measures of con-
dition or performance that can be calculated specifically for
the IHS.

Based on the review, a master list was compiled of existing
IHS performance measures. The list included, but was not
limited to:

• Measures listed in Measuring Performance Among State
DOTs (26);

• Quality-of-service measures from the Guide to Effective Free-
way Performance Measurement (18), including measures in
the areas of Congestion, Reliability, Throughput, Customer
Satisfaction, Safety, Ride Quality and Environment;

• Interstate measures included in the FHWA C&P Report (27);
• Highway-related measures listed in the U.S. DOT Fiscal Year

2006 Performance and Accountability Report (28); and
• Additional measures identified through the review.

Step 2—Assess Needs

The focus of this step was on defining how and why perfor-
mance measures should be used for supporting the Interstate
Asset Management Framework described in Chapter 2. Defin-
ing a set of performance measures is not an end in itself, but
a means to support asset management using the approaches
described in Section 5.1: quantifying policy goals and objectives;
facilitating evaluation of options; and monitoring progress. In
this step the research team considered what types of measures
are needed for supporting asset management, and how well the
existing measures compiled in Step 1 provide this support.

Five basic categories of measures were established for sup-
porting the Interstate Asset Management Framework. These
categories include:

• Preservation—Measures in this category characterize the
physical condition of transportation assets;

• Mobility—This category describes how well the transporta-
tion network is performing its basic function of support-
ing transport, and includes measures of throughput and
congestion;

• Safety—This category includes measures of crashes and
fatalities, as well as other measures related to safety;

• Environment—Measures in this category characterize the
environmental impact of the IHS, and the degree to which
an IHS owner is meeting its environmental goals; and
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Figure 5.3. Use of performance measures for tracking progress.

Source: Virginia Department of Transportation (25).
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• Project Delivery—Measures in this category describe how
well an agency is delivering projects compared to its capital
plan.

The existing measures identified in Step 1 were organized in
the categories listed above. Next a gap analysis was performed
to assess issues including:

• Do the existing measures address all of the assets on the IHS?
As discussed in Chapter 4, large amounts of data are available
for pavements and bridges relative to other assets. However,
it is important that the framework address all IHS assets.

• Considering the underlying reasons for implementing asset
management for IHS assets, are there applications for which
performance measures may be needed, but for which no
measures are identified?

• How well do the existing measures align with the available
data described in Chapter 4? Note that the availability of data
for calculating a measure, or lack thereof, is not in and of
itself an indication of whether a measure is needed to sup-
port the Interstate Asset Management Framework. How-
ever, to the extent there are multiple measures that can be
used to characterize a single asset or objective, emphasis was
placed on measures that could be calculated given available
data.

• To the extent there are issues in aligning measures and data,
are there supplemental or alternative measures that can be
more easily captured and/or that make better use of the
available data?

• Are additional categories needed to adequately classify per-
formance measures that may be needed to support asset
management for the IHS? Can any of the categories be
consolidated?

The result of this step was a supplemented list of perfor-
mance measures, organized by category. Also, this step resulted
in identification of a number of gaps in the existing set of per-
formance measures. These are discussed further in Section 5.4.

Step 3—Define Selection Criteria

Next the research team established a set of criteria for eval-
uating performance measures to be included in the Interstate
Asset Management Framework. Criteria used for this step were
adapted from NCHRP Report 551 and include:

• Feasibility—It should be feasible to collect data for this per-
formance measure, and to quantify the performance mea-
sure for the IHS. Ideally, the measure can be calculated from
Federally mandated data, or other data generally collected
for IHS assets, as discussed in Chapter 4. If the data require-
ments extend beyond what is widely available for the IHS,
this should be noted.

• Policy-Sensitive—It should be possible to relate the mea-
sure to an agency’s stated policy objectives, and help quan-
tify whether the outcome of a policy objective has been
achieved. This criterion tends to favor outcome measures
that reflect outcomes achieved, versus output measures that
quantify the activities performed by an organization.

• Supports Long-Term, Strategic View—The measure
should facilitate long-term tracking. Ideally, it should be
possible to make forecasts of the measure over time to sup-
port analyses of lifecycle costs and benefits and to review
past performance.
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Figure 5.4. Performance measure
evaluation approach.

Step 1:  Review Existing Measures

Step 2:  Assess Needs

Step 3:  Define Selection Criteria

Step 4:  Apply Selection Criteria
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•   Compile list of measures relevant for IHS Asset Management

•   Evaluate needs for IHS performance measures
•   Establish performance measure categories
•   Perform gap assessment
•   Supplement set of existing measures
•   Organize measures by category

•   Feasibility
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•   Useful for decision support
•   Useful across organization and beyond

•   Evaluate each measure
•   Group measures by asset/objective
•   Characterize variations between like measures
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•   Peer review
•   Develop recommended set
•   Distinguish between core and comprehensive
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• Useful for Decision Support—The measure should pro-
vide information that helps support the decision-making
process. It should be collected frequently enough and
demonstrate changes clearly enough to reflect impacts of
agency actions. Ideally, it should be possible to distinguish
between changes in the measure resulting from actions
under an agency’s control and external drivers.

• Useful Across the Organization and Beyond—The mea-
sure should be easily understood and communicated within
an organization and to external stakeholders. The measure
should function as part of a family of measures that can be
used to describe performance at different levels of aggrega-
tion (e.g., corridor, state, entire IHS system), different time
horizons, and for different audiences.

Step 4—Apply Selection Criteria

In this step, criteria were applied to the set of measures com-
piled previously, including measures identified in Step 1 and
additional measures for which a need was identified through
the gap analysis performed in Step 2. The result of this step was
an evaluation of each of the measures on the basis of the crite-
ria described above.

After an initial attempt to classify individual measures for
each criterion on a high/medium/low scale, the research team
found that a more useful approach was to group like measures
(e.g., by category and asset), and characterize the variation
between members of the group descriptively. For instance, for
bridge preservation measures, there are many possible mea-
sures of bridge condition, most derived from NBI and/or
element-level data described in Chapter 4. Generally speaking,
the detailed measures derived from the available bridge data
that are most useful for decision support (e.g., element-level
conditions) are least useful for communication across and out-
side an organization, and most likely to require additional data
that may or may not be available consistently from one agency
to another. Thus, these measures are best considered as a
group, weighing the relative advantages and disadvantages of
each of the alternative measures compared to the others.

Step 5—Finalize Set of Measures

The last step of the process was to finalize the set of perfor-
mance measures recommended for the Interstate Asset Man-
agement Framework. The research team developed an initial set
of recommendations that addressed all of the assets on the IHS
and each of the categories identified previously. Where multi-
ple measures were available for characterizing a given asset or
objective, the research team relied upon the results of Step 4,
supplemented with best practice examples, to pare down the
list to keep it as short as possible while still providing compre-
hensive coverage.

Following development of the initial set of measures, a proj-
ect workshop was held to review all aspects of the project. This
workshop was held in Dallas, Texas in March 2008. Partici-
pants included representatives from FHWA, state DOTs, and
the private sector, as well as the Project Panel. Based on com-
ments received from workshop participants and panel mem-
bers, the research team revised the initial set of performance
measures and developed the recommended set presented in
Section 5.3. Further, the research team distinguished between
core measures that in theory any IHS owner should be capable
of capturing and should appear in any Interstate Asset Man-
agement Plan and additional comprehensive measures. Ideally,
every IHS owner would report the core measures described
here, at a minimum, and plan in the future for collecting and
reporting the full set of comprehensive measures.

5.3 Recommended Measures for IHS
Asset Management

Table 5.1 details the core set of performance measures rec-
ommended for the Interstate Asset Management Framework.
Performance measures are organized by category. For each cat-
egory, the table lists the asset type, where applicable, as well as
the measure type and measure. Table 5.2 lists additional, com-
prehensive measures.

Note that the measures are intended to characterize overall
conditions of the portion of the IHS managed by a given orga-
nization, rather than a specific section or the overall transporta-
tion network. Additional detailed data are required in every
category for making project-level and operational decisions,
such as for determining appropriate treatments at the asset
level. Additional high-level measures may be useful for evalu-
ating the overall state of the transportation network. The fol-
lowing paragraphs discuss each category.

Preservation. This category includes measures of asset
condition for each asset type. For pavements, two measures
are recommended: structural adequacy and ride quality. PSR
can be used to approximate structural adequacy. However,
most agencies have established agency-specific measures that
consider rutting, cracking, and faulting. Pending update of the
HPMS, these agency-specific measures are preferable to PSR.

For characterizing bridge conditions, the percent of bridges
classified as structurally deficient (SD) is recommended as the
best overall measure available for supporting IHS asset man-
agement. Note that the determination of whether or not a
bridge is functionally obsolete (FO) is not recommended as a
measure of bridge condition, as this measure specifies whether
the bridge is designed to current functional standards rather
than characterizing its physical condition. Thus, a bridge could
be classified as FO but not have any preservation needs.

The recommended pavement and bridge measures are
tracked and can be predicted using agency pavement and
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bridge management systems, or alternatively using HERS-ST
and NBIAS developed by FHWA. It is important to note that
existing pavement and bridge management systems consider
multiple objectives and constraints in developing work recom-
mendations, and use additional measures and criteria for rec-
ommending work besides the measures listed in Table 5.1. The
recommended pavement and bridge measures are intended to
provide an overall indication of asset conditions, and not
intended for use as a tool for prioritizing work or a replacement
for pavement and bridge management systems.

For other assets beside pavements and bridges, this report
recommends calculation of the percent of the asset quantity
“functioning as intended” as the measure that can best support
the Interstate Asset Management Framework.

An important issue in considering the measures in this cat-
egory is that of what measures should be considered core ver-
sus comprehensive. In reality, all assets on the IHS are of great
importance. However, the fact that all assets are important
does not necessarily mean that it is vital for an IHS owner to
capture and report performance measures for all IHS assets in
the near term as part of its Interstate Asset Management Plan,
possibly diverting resources from other important activities to
do so. Further, it is assumed that IHS owners do now and will
continue to address public safety issues (e.g., pending failure of
a structure) even in the absence of an Interstate Asset Manage-
ment Plan. Thus, the consideration of what assets are core ver-
sus comprehensive was based primarily on consideration of
asset extent and degree to which data are available.

Mobility. This report recommends using travel time
index (the ratio of actual travel rate to the ideal rate) and
average delay as the best overall measures of mobility. Both
measures can be calculated from readily available HPMS data
and predicted using HERS-ST, and can be reported by rural/
urban roads, by corridor, and/or separately for autos and
trucks. Winter maintenance is included here as a compre-
hensive measure in the mobility category, with a measure of
average time to bare pavement following a snow event. In cold
weather, states’ winter maintenance is a core issue, but is gen-
erally not managed by system.

Safety. Crash and fatality rates are recommended as the
best overall measures of safety outcomes. Typically these are
reported in terms of total numbers of crashes and fatalities, and
the rate reported as the number per 100 million VMT.

Environment. Rather than recommending a specific set of
measures as in the other categories, this report recommends a
report card approach for the Environment category, whereby
an IHS owner establishes a set of environmental milestones,
and reports whether they are achieving them on a pass/fail
basis. These milestones may include any of the examples listed
above, and should include an indication of whether or not the
IHS owner is satisfying its environmental commitments.

Other. Cost control and schedule adherence are rec-
ommended as comprehensive measures of project delivery.
Reporting delivery measures is becoming increasingly 
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Table 5.1. Recommended core performance measures for the
Interstate Asset Management Framework.

Category Asset Type Measure Type Measure 

Structural Adequacy Present Serviceability Rating (PSR) or 
an agency’s pavement condition index 

Pavement

Ride Quality International Roughness Index (IRI) 

Bridges Structural Deficiency Percent classified as Structurally 
Deficient (SD), weighted by deck area 

Signs Asset Performance Percent functioning as intended 

Pavement Markings/
Delineators

Asset Performance Percent functioning as intended 

Preservation

Guardrails Asset Performance Percent functioning as intended 

Travel Time Travel time index Mobility

Delay Delay per vehicle in hours 

Crash Rate Number of crashes expressed as 
number per year and per VMT 

Safety

Fatality Rate Number of fatalities expressed as 
number per year and per VMT 

Environment Agency-specific report 
card of environmental 

milestones

Pass/fail indication for each measure 
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common, but is typically done on an overall basis rather than
by system. It is not strictly required that consideration of
project delivery be handled in an Interstate Asset Manage-
ment Plan if an IHS owner handles this issue separately.

No measures are recommended regarding security or social
impacts, as it is generally not feasible to isolate existing mea-
sures to the IHS. However, security and social impacts as well as
measures of economic impact may be very relevant in charac-
terizing the overall importance of a transportation system and
in justifying investments, particularly large investments in
additional capacity.

Customer satisfaction measures are not included under the
assumption that the public is likely to assess the level of satis-
faction with the transportation system as a whole, rather than
the IHS specifically.

5.4 Gap Assessment

The following are the most significant gaps related to defin-
ing a set of performance measures for characterizing IHS assets
(or transportation assets in general):

• There is no national standard for accurately characterizing
structural adequacy of pavement. In the absence of such a
measure, it is recommended that agencies use an agency-
specific index instead or PSR. PSR is reported in the HPMS,
but does not consider a full range of pavement distresses.
The expected update to the HPMS will add additional
measures of pavement condition to the HPMS, and should
facilitate standardization of an overall measure of struc-
tural adequacy.
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Table 5.2. Additional recommended comprehensive performance
measures for the Interstate Asset Management Framework.

Category Asset Type Measure Type Measure 

Shoulders Asset Performance Percent functioning as intended 

Tunnels Asset Performance Percent functioning as intended 

Culverts/drainage
structures 

Asset Performance Percent functioning as intended 

Noise barrier walls Asset Performance Percent functioning as intended 

Retaining walls Asset Performance Percent functioning as intended 

Overhead sign 
structures 

Asset Performance Percent functioning as intended 

High mast light 
poles

Asset Performance Percent functioning as intended 

Lighting Asset Performance Percent functioning as intended 

Median barriers Asset Performance Percent functioning as intended 

Impact attenuators Asset Performance Percent functioning as intended 

Surveillance and 
monitoring
equipment

Asset Performance Percent functioning as intended 

Signal and control 
equipment

Asset Performance Percent functioning as intended 

Rest areas Asset Performance Percent functioning as intended 

Toll plazas Asset Performance Percent functioning as intended 

Weigh stations Asset Performance Percent functioning as intended 

Maintenance depots Asset Performance Percent functioning as intended 

Pump houses Asset Performance Percent functioning as intended 

Preservation

Communication
facilities

Asset Performance Percent functioning as intended 

Mobility Winter Maintenance Average time to restore pavement 
surface

Schedule Adherence Percentage of total projects finished 
on or before original scheduled 

contract completion date 

Delivery

Cost Control Annual ratio of actual construction 
cost to bid amount 
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• Average IRI is recommended as a measure of ride quality.
This recommendation is based on the fact that IRI is avail-
able through HPMS data and is the most common measure
available for characterizing ride quality. However, there are
significant state-to-state differences in measuring IRI and
issues with the measure that complicate use of IRI as a
standard.

• There is a need for definitions of a new, standard measures of
bridge condition and functional adequacy. The existing
measures defined by FHWA include SD/FO classification
and Sufficiency Rating (SR). Of these, SD classification
best measures condition, but is a binary measure (a bridge
is or is not SD). Ideally, a numeric index would be defined
that allows for specifying different levels of urgency for
addressing bridge needs. Also, ideally this measure would be
based on more objective measures of bridge condition than
possible using the current set of bridge condition ratings. FO
classification measures functional adequacy, but is also a
binary measure, and a number of agencies do not report this
measure when discussing bridge conditions either because
they feel it misstates the level of need and/or needs to be
updated to better reflect current functional standards. SR is
problematic as it combines structural and functional consid-
erations, complicating interpretation of the measure.

Various efforts have been undertaken to define alterna-
tive bridge measures, but these have thus far failed to result
in widespread adoption of new, standardized measures.
Most notably, as described in Chapter 4, most agencies now
collect element-level condition data, and can use this data to
calculate the Health Index developed by California DOT.
The basic conundrum in recent efforts to develop new
bridge measures is that without improvements in data col-
lection it is difficult to formulate measures that offer any real
improvement upon the existing measures, and changes in
data collection needed to yield new measures require wide-
spread consensus if they are to be standardized between
states. National leadership is needed to break this logjam.

• There is a need for standard measures of condition for other
assets beside pavement and bridges. Research is ongoing to
develop level of service standards for asset management as
part of NCHRP Project 20-74(A). In the absence of any
standard measures for preservation of other assets, percent
functioning as intended is recommended here. The major
shortcoming of this measure is that lacking national stan-
dards, each IHS owner must define what it means for a given
asset to be classified as functioning as intended. If this mea-
sure is to be used, further work is needed to define what it
means for different asset types.

• New measures are needed for characterizing environmental
performance. There are few environmental measures that
can be both localized to the IHS and used to support the
asset management process. Also, there is little consistency
from one IHS owner to another concerning how envi-
ronmental data are collected and reported. For instance,
measures of emissions are often used for characterizing
environmental impact (e.g., pounds of carbon monoxide
and/or other pollutants) and these measures can be calcu-
lated using systems such as HERS. However, it is not mean-
ingful to report the measures specifically for the IHS in the
absence of corresponding data for other systems. Other
measures of environmental performance include counts of
environmental features that are constructed or maintained
(e.g., wildlife crossings, culverts/fish passages and other
features), measures of wetland reclamation (e.g., the ratio of
wetlands reclaimed to that affected), and measures of how
well an agency is meeting its environmental commitments.
These measures are meaningful when localized to the IHS,
but there is no standardization in how they are reported
between agencies.

• There are no standards for characterizing project delivery.
AASHTO’s report on comparative performance measures
between state DOTs (26) discusses this gap and identifies the
need for one or more standardized delivery measures to
facilitate comparative measurements.
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6.1 Implementing the Interstate
Asset Management Framework

The objective of this research effort is to “develop a practi-
cal framework for applying asset management principles and
practices to managing Interstate Highway System (IHS) invest-
ments.” The question of whether the uniquely important
attributes of the IHS warrant a differentiated asset manage-
ment framework will be proven one way or another by the
number of IHS owners and key stakeholders who embrace the
concepts and implement the principles and practices recom-
mended in this report. This section attempts to address the fol-
lowing issues related to implementation:

• Why implement Interstate Asset Management?
• What are the primary motivating factors?
• What are the primary focus areas?
• Who are the stakeholders—what are the opportunities for

collaboration?
• Where are the champions?

Implementation—Yea or Nay?

An initial question an IHS owner must answer in consid-
ering how to implement the Interstate Asset Management
Framework is whether to implement it at all. To understand
how best to present the case for an Interstate Asset Manage-
ment Framework, it can be instructive to first address those
who are unlikely to immediately implement such a concept.
These “nonimplementers” fall into two simple and distinct
categories: 1) those who accept and have implemented trans-
portation asset management but fail to perceive the need for
a distinct approach tailored to the IHS; and 2) those who are
generally disinterested in implementing transportation asset
management practices beyond gathering basic inventory and
condition information.

The first group of nonimplementers would be those who
perceive themselves to be practitioners of transportation asset

management, but who fail to see the advantages of a separate
framework for the IHS. An agency in this category may have a
well-considered approach to asset management, but simply not
have a set of assets or organizational structure that lends itself to
making distinctions based on IHS designation. These agencies
will presumably continue to apply a common asset manage-
ment framework to interstate and noninterstate facilities alike.

On the surface it may appear that such agencies in the second
group, by definition, would not implement a differentiated
asset management approach for the IHS. On the other hand, it
is conceivable that exposure to the unique framework of asset
management for the IHS could stimulate new interest and
potentially serve to transform nonasset management practi-
tioners into newfound supporters. It is certainly plausible that
some nonpractitioners who appreciate the unique importance
of the IHS system and the value of approaching such IHS issues
as operational management and capital investment needs via
a systemic and structured asset management approach may
become newly motivated.

This leaves a third group of agencies consisting of those who
will perceive that the benefits of an Interstate Asset Manage-
ment Framework outweigh the costs and challenges and
that a differentiated approach for the IHS should be imple-
mented. In most cases these will be IHS “owner” agencies
such as state DOTs and toll authorities. But it is likely that
other stakeholders also will play a role in deciding whether
and how to implement an Interstate Asset Management
Framework: stakeholders such as MPOs, emergency man-
agement agencies, law enforcement officials, military orga-
nizations such as the National Guard or the Department of
Defense agency overseeing the national Strategic Highway
Network (STRAHNET), and national organizations with a
surface transportation focus such as the American Truck-
ing Association, the American Automobile Association, the
American Road and Transportation Builders Association,
the Highway Users Alliance and the U.S. Department of
Transportation.

C H A P T E R  6

Implementation Guidance
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Implementation—Motivating Factors

There are a number of factors that might drive an agency
toward implementing an IHS-based asset management
approach. While in reality a combination of factors likely will
be at play within any particular agency, it is instructive to look
at them individually. Implementation efforts may be:

• Culture driven;
• Leadership driven;
• Private sector driven;
• Stakeholder driven; or
• Event driven.

Culture Driven

Some agencies are more likely to move toward implementa-
tion because the underlying philosophy as well as the specific
practices of transportation asset management have become
integral to the way they are led, managed, and function day to
day, from headquarters to field units and across functional
areas. They are very likely to be those organizations currently
practicing and gaining significant benefits from applying
transportation asset management principles. They are led and
managed by leaders and managers who would find it incon-
ceivable that critically important decisions about allocating
and managing scarce resources could be made any other way.
They are organizations populated with staff whose buy-in is
so ingrained that changes in leadership and management can
occur without jeopardizing the continuity of asset management
practices. The widespread application of transportation asset
management in such organizations implies that they would
tend to be both open and receptive to new and better practices,
and therefore will be open to the notion that the IHS ought
to be differentiated on the basis of its unique significance.

Implementation actions motivated by the culture of an
organization are most likely to be successful and sustainable
since they are more likely to occur within multiple functions
and at multiple levels, engaging a broad array of internal stake-
holders who will become vested in making it work. The leader-
ship of such organizations can be expected to play a facilitative
and supportive role, having grasped the benefits of having at
their fingertips a stronger foundation of factual information,
a richer array of policy choices, and an enhanced state of
readiness to cope with and manage risks that can disrupt the
operation of the premier highway network for which they are
responsible—the IHS.

Leadership Driven

Certainly many, if not most, significant changes affecting
organizations are driven or strongly influenced by leadership

factors. The question of whether to embrace a differentiated
asset management approach for IHS assets should find reso-
nance with transportation agency leaders who come to recog-
nize that among the greatest risks they face are the potentially
dire events that might cause major disruptions in service
along the most important transportation routes on their sys-
tem. Such emergencies can and do occur—fierce storms, fiery
crashes, hazardous spills, damaging earthquakes, structural
failures—and examples abound that demonstrate how they
are handled by the agency will have a profound and lasting
effect on the reputation of that agency and the tenure of its
leadership. Invariably in the aftermath of catastrophic events
questions are raised about whether they might have been
anticipated in some way and managed more effectively using
risk assessment practices and advanced contingency plan-
ning. This is why there is a good chance that many trans-
portation leaders will respond favorably to the notion that the
IHS and key NHS routes deserve special attention—not to
the exclusion of other systems but as an overlay that affords a
heightened level of asset management attention to their most
critical transportation arteries.

In contrast with culturally driven processes, leadership-
driven implementation strategies are more likely to focus on
specific aspects of IHS asset management, resulting from the
perceptions and priorities of individual leaders. For obvious
reasons, this motivation is the most susceptible to changes in
the leadership of an organization.

Private Sector Driven

A number of states (Virginia and Florida foremost among
them) have awarded performance-based lump sum contracts
for various combinations of maintenance, repair, and oper-
ational activities along IHS routes. Such contracts typically
involve a minimum of five years to amortize investments in
equipment and facilities that are often required. In addition,
some owners (such as the City of Chicago, and the States of
Indiana and Texas) have awarded long-term concessions (of
anywhere from 50 to nearly 100 years) to private companies
who will manage and collect tolls along IHS and similarly sig-
nificant NHS corridors. Both approaches involve the establish-
ment of a comprehensive suite of specified performance
standards to provide an objective method to guide and moni-
tor the contractor, and to facilitate the transfer of various, pre-
determined risks (from pavement distress to snow removal) to
a private sector entity.

Note that worldwide, the most pervasive application of risk-
based asset management principles and practices to interstate-
type highway systems occurs among private sector managers
and operators governed by performance-based fixed-price
contracts and driven by financial incentives to minimize
costs and maximize profitability. The process of pricing such
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contracts is built upon risk/reward models, and so risk assess-
ment and risk management are ingrained in their processes (a
unique example is the mitigation of the difficult-to-predict risks
of ice and snow through the purchase of specialized insurance
packages.) It is testimony to the effectiveness of asset manage-
ment for Interstate-type highways to observe how investment
decisions by the private sector are driven by their finely tuned
management systems and models that track current condition
and rates of asset deterioration and that indicate on the basis of
traffic forecasts and other information optimal schedules for
preventive maintenance and repair activities.

The same tools are available to public agencies seeking to
optimize the efficient and effective use of their most important
highway assets.

Stakeholder Driven

While owning agencies are the most likely to lead the imple-
mentation of an IHS asset management approach, leaders and
staff of these agencies need little to remind them that the most
significant highway routes on their network are also the most
significant routes in a local transportation context as well.
Many regional and local entities, such as MPOs, local govern-
ments, and other state and Federal agencies, are likely to have
strong, vested interest in the continuing operational integrity
of the IHS and other key NHS routes considered part of an
agency’s “highest priority network.” The same will be true of
the private sector, including major companies and regional
industries that ship goods as well as individual citizens whose
ability to earn a living and the very quality of their lives depend
upon continuous access to a viable system of interstate and
other major highways.

It is not uncommon for incident management programs
and traffic management centers serving major IHS routes in
metropolitan areas to emanate from, or even be sponsored
by and managed with, local resources. Certainly the ability of
emergency response entities—police, fire, ambulance, envi-
ronmental hazard teams, and, under certain circumstances, the
military to use the IHS to reach the locations requiring their
urgent attention, including locations on the system itself—
earn them standing as significant stakeholders whose interests
may provide a key impetus for establishing an Interstate Asset
Management Framework.

Event Driven

This is the least desirable but not necessarily the most
uncommon driver of implementing changes such as a risk-
based Interstate Asset Management Framework. In the after-
math of a major disruption, much attention is focused on
whether and how it could have been avoided, and what mea-
sures could have been taken to reduce the magnitude and dura-

tion of the adverse impacts. There is nothing like a catastrophic
event to drive change, but the inescapable question is that
if certain actions make sense to reduce the likelihood and
impacts of a recurrence, then inevitably the question will be
raised about why weren’t these same actions implemented ear-
lier. IHS owners and key stakeholders may wish to ponder in
advance of such catastrophic events: 1) what the risks of worst
case scenarios may be in terms of major disruption in service;
and 2) what actions in the aftermath are they likely to be
implementing that would have made just as much, if not
more, sense to implement as a preventive or mitigating mea-
sure before an event ever occurred.

6.2 Primary Focus 
of Implementation

Just as the motivation for implementing a differentiated
IHS asset management approach will vary, so will there be
variations in the primary areas of interest. An Interstate Asset
Management Framework may focus on areas that vary accord-
ing to function (preservation, mobility, safety, and environ-
ment), or level within the organization (policy level issues,
program and project prioritization issues, management and
operational issues), or any combination of these. For exam-
ple, an IHS-owning transportation agency may focus on
system preservation at the program and project levels while
focusing on levels of service and mobility issues at the pol-
icy level.

Policy and Strategic Focus

An Interstate Asset Management Framework can focus on
a variety of policy level and strategically important issues con-
fronting agency and political decision makers, including (as
examples):

• Network coverage—are key geographic regions and major
transportation corridors adequately served with IHS access
and capacity?

• Is there sufficient network resilience and redundancy to
facilitate the management of potential major disruptions?

• Should the investment in people and processes be made to
identify potentially significant risks to IHS highways and to
manage those risks by formulating strategies aimed at
reducing the likelihood of their occurring and mitigating
impacts if they do occur?

• Is there an adequate “operations” mentality that drives the
agency’s inclination and ability to deal with both recurring
congestion and nonrecurring incidents?

• Are relationships, resources, and training in place to ensure
adequate response to various contingencies in various
locations along the IHS and comparable NHS corridors?
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• How adequate are current investment levels and strate-
gies, and are the unique requirements inherent in the IHS
being addressed with current resource allocation processes,
including transportation improvement plans, annual budg-
ets, and other funding structures and mechanisms?

• To what extent should a differentiated Interstate Asset Man-
agement Framework extend beyond policy considerations
and into program and project level priority setting as well as
operational management?

Program and Project Prioritization Focus

The primary focus of an Interstate Asset Management
Framework may address issues relating to IHS programs and
project prioritization, including:

• Should separate funding be allocated for IHS capital and
operating budgets as opposed to having IHS projects com-
pete with projects on lower order systems?

• Should performance targets for IHS be differentiated from
non-IHS facilities?

• Should performance targets be differentiated among IHS
routes based upon their relative role or importance (func-
tional criticality) in serving local area, state-level, or national
needs?

• Should national priorities that may not represent state or
local priorities be addressed and, if so, how?

• Is there a need for more and better data for IHS assets than
are currently available to determine performance targets
and levels?

Operational Management Focus

There is a rapidly growing recognition among highway
agencies and stakeholders of the need to pay significant atten-
tion to the allocation of resources for operational management
(beyond capital investments and physical maintenance), par-
ticularly on higher order systems such as the IHS. After a
century or more in which most state highway agencies have
focused their attention and resources on capital investments
and maintenance of the roadway networks under their juris-
diction, there is a clear trend emerging in the direction of real-
time operational management, involving:

• Surveillance of traffic conditions;
• Rapid response and clearing of incidents;
• Traveler’s information;
• Electronic toll collection;
• Ramp metering;
• Preclearance of trucks; and
• Work zone safety.

While some agencies have extended such operational ser-
vices to surface streets, the overwhelming emphasis has been
on controlled access highways such as the IHS. Key issues to
address with an IHS asset management system include the level
of investment in operations versus capital improvements and
maintenance, the distribution of investments among opera-
tional service categories, and the benefits gained in terms of
improved reliability and safety.

Work Category Focus

An Interstate Asset Management Framework may empha-
size different work categories (such as preservation, mobility,
safety, environment) depending upon the unique needs and
motivations of the agency. As the premier highway network,
IHS corridors may be confronted by a variety of risks in each
of these areas that can threaten their viability in meeting crit-
ically important transportation needs in ways different from
the rest of the highway network, including:

• Preservation—Examples include structural adequacy of
bridges and pavements to handle the higher magnitude and
frequency of loads typically carried on interstate highways,
as well as visibility and reflectivity of pavements and mark-
ings under varying weather and lighting conditions essen-
tial to routes carrying significant levels of nonlocal traffic,
and the physical condition of rest area facilities important
to long distance through corridors.

• Mobility—The IHS was conceived and completed to
serve mobility goals on a national as well as a regional scale.
Mobility performance measures include levels of service,
travel time, and operational dependability during recurring
peak period loadings as well as for nonrecurring incidents
that occur at any time, such as crashes, hazardous material
spills, and special events.

• Safety—While the IHS and similarly designed and built
highways on the NHS are clearly the safest, especially when
compared with surface arterial streets and highways lacking
controlled access, the combination of high speed and vari-
able speeds, along with the mix of trucks, buses, passenger
cars, and motorcycles affects not only the frequency but the
severity of crashes as well. So while risks may be lower, the
potential adverse consequences can be greater on these high
order systems.

• Environment—IHS routes are typically the largest in scale
and can have the most severe impacts on the natural, built
and cultural environments when it comes to noise, wildlife,
vegetation, water quality and quantity, communities, open
spaces, and historic resources. Environmental issues are
often beyond the normal sphere of transportation asset
management, but particularly in the case of an IHS-oriented
framework, participants in this research project felt strongly
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that they are an important component in view of the size of
IHS facilities and the various adverse impacts to the natural,
social, and built environments that can occur.

There are a variety of potential areas of focus that may pro-
vide key reasons for considering the implementation of a dif-
ferentiated asset management framework for the IHS.

6.3 Leadership Roles and
Implementation Planning

The underlying motivations for implementing an Interstate
Asset Management Framework as well as the primary areas on
which to focus will have a significant bearing upon the leader-
ship roles that are taken. At the same time, whether and how
an asset management framework for the IHS is implemented
within a particular organizational entity both influences and is
influenced by how that responsibility is parceled out in terms
of leadership roles and responsibilities.

Lead Office. Experience with state DOTs and their imple-
mentation of transportation asset management principles and
practices reflects a wide variation in roles and responsibilities,
ranging geographically from headquarters to field operations
as well as functionally from planning and design to materials
and maintenance. Often such responsibilities vary by asset
class. For example, it is quite common for a centralized struc-
tural division (with design responsibilities for new and reme-
dial design) to play the lead role for bridge management
systems while a decentralized network of materials or mainte-
nance offices takes the lead for asset management activities
involving pavements. In some DOTs, as well as within the
AASHTO committee structure, the focus of asset management
is strongly influenced by resource allocation policy level issues,
and asset management is led by the planning function. There
is clearly no single set way. It is essential in implementing an
Interstate Asset Management Framework to take into account
the unique organizational framework of each agency, prefer-
ences among managers and staffs, and the actual day-to-day
practices that in a de facto way define relationships, roles, and
responsibilities.

Integration. For entities that already practice transporta-
tion asset management and have decided to differentiate in
some manner an Interstate Asset Management Framework,
they can integrate the framework as a separable yet adjunct set
of activities within the overall asset management framework or
further differentiate by assigning leadership and management
responsibilities for the Interstate Asset Management Frame-
work to separate organizational units or to separate individu-
als. This implementation decision is fraught with “shades of
gray.” Depending upon the way it is done and the people
involved (people and personalities are inevitable and unavoid-

able factors), the decision to differentiate IHS asset manage-
ment may ultimately succeed or fail. Most significantly, the
degree of integration among transportation asset management
activities should be the result of conscious decisions and strate-
gies that work best for the agency.

Champions and Communities of Practice. What seems
to be universal, at least in the early stages of implementing an
asset management framework, is the need for a “champion.”
Typically, this champion can be anyone with sufficient interest
and influence—from the front office to the front lines—to
make it happen. A champion may be designated by someone
in authority or may simply emerge from among members of
affected groups. In any case, a champion is one who does not
rest until the mission is accomplished.

Possible champions may include:

• Leader of the organization;
• Functional or geographic managers;
• First line supervisors; and
• Key technical or policy level staff.

The champion of implementing an Interstate Asset Manage-
ment Framework, which in one way or another will stand apart
from other transportation asset management activities, will
bear the burden of prevailing in the likely deliberations and
debates about why such a differentiated approach is needed at
all. The arguments about the unique significance of the IHS,
the benefits (and burdens) of a risk-based approach, the need
for mitigation strategies and contingency plans, the strong
interest of outside stakeholders—most if not all of these argu-
ments are likely to be relevant to the champion.

The chances for a successful implementation of any
change are immeasurably improved when a lone champion
coalesces with others who buy in and support the ideas, and
thereby form a community of practice—a group of cham-
pions and supporters whose common commitment is to the
successful implementation of the proposed change. The
strongest communities of practice are cross cutting, spanning
the full range of relevant functions and hierarchies across an
organization.

Implementation Plan. Implementing an Interstate Asset
Management Framework, like any deployment of a new or
modified way of doing business, requires a systematic plan to
clearly define the objectives, formulate the change process,
establish a schedule and responsibilities, identify and secure
resources, and measure progress. Ideally such a plan would be
developed not only by internal lead agency participants but
by involving outside stakeholders who can lend support to
the effort and to the utilization of the results. Assembling an
implementation planning team would be an invaluable step
in the process.
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Stakeholders and Collaboration

Under almost any circumstance the owner of an IHS route
or network (state DOT, state or regional toll authority, or pri-
vate sector lessee or concessionaire) will be involved in the core
data components of an asset management system involving
inventory and condition information of the primary asset
categories: pavements and structures. The use of this data to
influence policy, program, and project decision making
varies considerably however. Even more variable is the role of
nonowner stakeholders in applying asset management princi-
ples to transportation facilities under the ownership and con-
trol of others. Yet, nonowner stakeholders may well have a level
of interest in IHS facilities comparable to owner-operators by
virtue of how critical the IHS is to their own underlying core
missions.

The opportunity for state DOTs and other owner/operators
of IHS assets to engage stakeholders as partners can be an
appealing characteristic of an Interstate Asset Management
Framework if it is developed with collaboration and consensus
building in mind.

Federal. The IHS is a national resource. It was funded
90 percent by the Federal government, but while the Federal
government is charged with overseeing maintenance to ensure
that the national investment in the IHS is preserved, as a prac-
tical matter there is little or no decision-making authority at
the Federal level in the day-to-day management of IHS assets.
Yet clearly the criticality of the IHS to the nation’s well being is
if anything stronger than when the system was first conceived.
FHWA is charged with reporting biennially to Congress on the
condition, performance and funding needs of the nation’s Fed-
erally funded highways and bridges, of which the IHS is the
most significant. FHWA is therefore a key stakeholder in the
availability of inventory and condition information which it
collects through the efforts of the state DOT.

Note that whether the Federal role should involve more
than information gathering and reporting is a subject of some
debate. But even in its most limited role the Federal government
is clearly an important stakeholder of an IHS asset management
approach.

AASHTO. It may be more likely to achieve implementa-
tion of an Interstate Asset Management Framework by multi-
ple states on a national scale by working through a peer process
facilitated by AASHTO’s Subcommittee on Asset Management
than by way of Federal direction. AASHTO’s policy-making
structure, in its deliberations on future Federal authorizing leg-
islation, seems to be moving toward the recognition that the
time has come for AASHTO itself to propose nationally con-
sistent, outcome driven, accountability measures to which the
DOTs would agree up front as offering fair and reasonable per-
formance assessments. The sense among an increasing num-

ber of DOTs is that a surface transportation program legisla-
tive reform agenda holding states accountable for how Federal
funds are spent, coupled with the recognized need to better
define the Federal interest in transportation, is inevitable and
will lead to a core set of common measures. DOTs believe that
by working through AASHTO, they would be better served by
developing such proposals themselves rather than having them
imposed by Congress or the U.S. DOT as potentially unfunded
mandates. The IHS, with its critically important national role,
represents one of the strongest candidates for the near term
implementation of such national performance measures. At
the same time, it is clear from deliberations among AASHTO
members that the DOTs feel very strongly about how such
measurement systems may be used in terms of setting appro-
priate targets and evaluating performance. The clear consensus
is that they must be customized for, and left to, individual state
circumstances to account for the substantial variation in every
significant aspect, from soils to weather conditions, from topog-
raphy to traffic characteristics, from conditions and needs to
financial capacity. Implementing an Interstate Asset Manage-
ment Framework on a state-by-state basis, with AASHTO pro-
viding a coordination mechanism, seems like a suitable way to
advance towards a performance-based, outcome-driven pro-
gram structure.

MPOs. MPOs are charged under Federal statute with long
range planning and short range capital program development
for over 400 metropolitan areas in the United States. Some
MPOs have areawide financial, operational, and governance
functions that go well beyond the core set of Federally man-
dated activities (the Metropolitan Transportation Commission
in the San Francisco Bay Area, with its responsibilities for
financing and operating programs, is among the best exam-
ples). What this means is that a number of MPOs are positioned
as partners with state DOTs, toll authorities, and private sector
operators in terms of their ongoing interest in activities affect-
ing resource allocation decisions. The need for mutual trust in
such partnership arrangements can be best served with full and
open access among all partners to a common set of informa-
tion as well as tools made available to analyze and apply such
information to decision making. An Interstate Asset Manage-
ment Framework could serve as an excellent way to build, test,
and sustain this partnership arrangement.

Local Government. Since the IHS invariably serves as not
only the nation’s and individual states’ most important high-
way network but serves similarly in terms of its significance
across metropolitan regions and often within individual coun-
ties and municipalities, an implicit choice among “owners”
and local authorities is whether or not to initiate a collegial,
outreach approach to the management of IHS assets. This kind
of collaboration must be forged on a case-by-case basis. In some
cases (such as Wisconsin and Michigan) county governments
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are responsible for highway maintenance, including interstate
highways under contract with the state DOTs, and share an
operational need for asset management information. (Michi-
gan is unique in its statutory requirement that local govern-
ments implement an asset management approach to managing
all streets and highways in the state.)

Law Enforcement and Emergency Response Organiza-
tions. In the vast majority of cases, responsibility for law
enforcement, environmentally hazardous spills, fire, crash
investigations, emergency evacuations, and other similar man-
made or natural emergencies lies with organizations other than
the highway agency. The importance of addressing the needs
of these organizations in terms of both prevention as well as
emergency response is self evident. The process of addressing
such needs in an objective and systematic way can effectively
be incorporated into an Interstate Asset Management Frame-
work, particularly if the process is carried out in a collabora-
tive way.

Regional, Statewide, and Multistate Forums. With the
risks, opportunities, and decisions on resource allocation and
operational management of interstate highways invariably
affecting multiple stakeholders, consideration ought to be
given to convening a meeting of stakeholders, either on a peri-
odic or as needed basis. Such forums may occur in a variety of
ways, from summit meetings among principals to consider
policy level issues to operational managers addressing real
time traffic management and emergency response. Within a
state such forums might be organized on a regional basis—
within metropolitan or rural areas, or on a statewide basis.
Many states sponsor statewide transportation conferences,
which might also provide a venue for initiating regional or
statewide forums.

On a multistate basis, IHS asset management forums might
be organized around specific major interstate corridors. In fact,
a number of such multistate corridors have coalesced around
the country (I-95, I-15, I-10, and others) to address real-time
operational issues as well as long-term economic goals centered
on the movement of freight. Such voluntary corridor coalitions
are already addressing asset management issues involving
potential major disruptions in service as well as the investment
needs associated with heavy growth in freight movement. An
approach that involves formulating risk-based assessments and
strategies along multistate interstate corridors would be a nat-
ural adjunct to activities already underway or likely to be initi-
ated in the foreseeable future along such corridors.

An Implementation Reference List

A quick and relatively painless way to develop an IHS
asset management implementation strategy customized to
each application (as well as a way of assessing and validating 

earlier decisions to implement an Interstate Asset Management
Framework) is to utilize an implementation reference list such
as the one provided below:

1. Implementation: Yea or Nay? (Whether to Implement):
– Currently use asset management tools to establish per-

formance goals investment decisions, guide investment
decisions, and monitor performance?

– Have experience with and have benefited from risk man-
agement methodologies?

– Recognize potential benefits of differentiating the IHS
from other highways in performing asset management?

2. Motivating Factors (Why Implement):
– Culture Driven?
– Leadership Driven?
– Private Sector Driven?
– Stakeholder Driven?
– Event Driven?
– Other Factors?

3. Focus Areas (What to Implement):
– Policy & Strategic?
– Program & Project Priorities?
– Operational Management?
– Functional Categories?
– Other Focus Areas?

4. Leadership and Implementation Planning (How to
Implement):
– Lead Office?
– Integration?
– Champions & Communities of Practice?
– Implementation Plan?
– Objectives
– Process
– Responsibilities
– Schedule
– Resources
– Progress

5. Stakeholders and Collaboration (Buy-in for Implementa-
tion):
– Federal?
– AASHTO?
– MPOs?
– Local Government?
– Law Enforcement and Emergency Response?
– Regional, Statewide, and Multistate Forum?

6.4 Benefits of Implementation

At the March 13, 2008 workshop conducted as part of this
research effort, the participants conducted a wide-ranging dis-
cussion of the key benefits and challenges that a state DOT
would likely encounter in establishing an asset management
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program for its IHS. (In reviewing these benefits, and also chal-
lenges in the following section, it is apparent that a majority of
the items relate to asset management generally, rather than the
specific benefits and challenges associated with an Interstate
Asset Management Framework. However the full range of top-
ics discussed at the workshop is presented here.) The following
benefits were identified by the group (the consultant team has
provided a brief description of each.)

General

• Right Thing To Do—For some agencies the underlying
principles and specific practices of asset management have
become integral to the way the organization is led and man-
aged and the way it functions day-to-day, from the head-
quarters to the field and across functional areas.

• Defining Roles and Responsibilities for a Sustainable
Stewardship Approach—Transportation agencies are
increasingly expected to conduct their activities in a manner
that supports broader societal goals to sustain and improve
the environment. Agencies are accepting these broader
responsibilities and asset management provides a frame-
work in a systematic, measurable manner.

• Initiate Asset Management Elsewhere—An Interstate Asset
Management Framework can serve as a pilot to test princi-
ples, policies, and procedures as an initial step toward appli-
cation to the entire network.

Internal Procedures

• Defined Core Performance Measures—Effective asset
management requires organizations to identify what their
core performance measures should be and then focus upon
the achievement of those measures to accomplish the orga-
nization’s mission. This would be particularly beneficial for
the IHS.

• Makes Use of Data and Identifies Data Limitations—
Many agencies collect a great deal of condition and per-
formance data that are not actually applied to any practical
purpose. Effective asset management will put these data to
work and foster a greater understanding of the data’s
strengths and limitations.

• Defensible Prioritization Approach—Effective asset man-
agement facilitates the prioritization of investments based
upon systematic data-driven analysis rather than anecdotes.

• Comprehensive Evaluation, including Improved Eco-
nomic Analysis—Properly conducted, this systematic
analysis extends beyond traditional measures of asset condi-
tion to include a broader range of considerations, including
an economic evaluation of costs and benefits. This is par-
ticularly important to the highest order network such as
the IHS.

• Strengthen Predictive Performance and Modeling
Capability—Bridge and pavement management systems
typically include predictive modules that permit agencies to
model the effects of different levels and types of investments
on asset condition. Focusing on the IHS where the data are
often the most reliable and complete will ultimately have
broader benefits to the entire highway network.

• Rational Risk Approach—A quantitative approach to char-
acterizing risks of system failure and development of risk
mitigation strategies are fundamental aspects of an asset
management framework and particularly applicable to the
IHS where the consequences of disruption in service can be
quite severe.

• Continuous Improvement of a Replicable Process—Asset
management establishes a process that can be repeated
annually through each program cycle and provides the basis
for continued fine-tuning of that process to improve effi-
ciency and effectiveness.

Communication with External Stakeholders

• Meet Stakeholder Expectations—Asset management
improves an agency’s ability to meet stakeholder expecta-
tions in terms of both results on the ground and convey-
ing an image of an effectively managed results-oriented
organization.

• Accountability with Customers and Their Elected
Representatives—Asset management fosters an environ-
ment in which the asset owner establishes a set of expecta-
tions with the public and elected officials and then has its
performance measured against those expectations.

• Building Consensus in Political Environment—A consis-
tent record of achieving expectations builds consensus in
the political environment that an agency is effectively man-
aged and can deliver on its promises.

• Justifying Increased Funding for IHS Projects—Establish-
ing credibility in this manner lays the foundation to secure
approval for increased funding. Several state DOTs have suc-
cessfully utilized this strategy to enact transportation revenue
programs.

Outcomes

• More Effective and Efficient Allocation of Financial and
Other Resources—At its foundation, asset management
is about resource allocation. If it is not influencing the
allocation of resources, its utility has to be questioned.

• Improved Performance with Constrained Funding—
Application of asset management principles (e.g., early
intervention strategies before significant deterioration
occurs) can lead to improved asset condition even with
limited funding.
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• Leads to Reasonable Expectations that Validate Intu-
ition—When the processes are working properly, asset
management tends to provide quantified verification for
findings that, as involved managers, we already knew.

• Defensible and Timely Decisions.
• Preventive Maintenance Funding—As noted above, effec-

tive asset management lends support to early intervention
strategies.

• Fewer Unmitigated Disasters (i.e., more averted system
failures)—Asset management, particularly when enhanced
with risk management processes, provides the early warning
signals to support proactive intervention before a situation
becomes untenable.

• Reliability of Access to Key Facilities—Effective asset
management should focus resources on key facilities such
as the IHS.

• Global Competitiveness—One of the keys to the rise of the
United States during the post-World War II era as the eco-
nomic engine of the planet was the comparative advantage
provided by our highway network, as exemplified by the
IHS. That advantage has eroded in recent years—an effec-
tive asset management program can support the restoration
of a highway network that should improve the nation’s com-
petitiveness in a global economy.

National Perspective

• Focus on IHS and its Defined National Mission—
Adoption of an asset management framework for the IHS
will refocus attention on the preservation of this nationally
critical system in its post-new construction phase.

• Framework for Interstate Discussions—Asset manage-
ment can provide a common framework of definitions and
processes to facilitate effective communication among the
states that can foster a consistent (although not identical)
approach to managing the nation’s premiere highway sys-
tem, the Interstate.

• Enhanced Regional Cooperation—These interstate dis-
cussions can lead to improved regional cooperation among
states and toll authorities that operate common and con-
necting links and networks to the benefit of each other and
the traveling public.

• Make the Case for IHS Criticality More Competitive with
Other Needs—As at the state level, an effective asset man-
agement program can establish credibility and help build
the case for increased Federal funding for the IHS.

6.5 Challenges

Consistent with the approach to benefits, the March 13,
2008 workshop participants identified the following as imple-
mentation obstacles and costs:

General

• Resistance to Change; Parochialism—As Machiavelli
famously observed, change is inherently difficult to achieve
and is often resisted by parochial interests oriented to turf
protection.

• Internal Stakeholder Buy-In—Obtaining the enthusiastic
support of the agency personnel most directly affected by an
asset management program is a key hurdle in a successful
rollout. Many initiatives have foundered to a lack of this
support—outright openly expressed opposition is unusual
but a silent pattern of passive resistance is equally debilitating.

• Too Big a Challenge; Fear of Getting it Wrong—Since by
its nature asset management emphasizes a comprehensive
approach there is a very real danger that it can founder of its
own weight. Several agencies have overcome this obstacle
through a phased implementation model in which the ini-
tial steps are modest to achieve credibility and success that
builds upon itself.

• Perceived as Cost Excessive—In an era of constrained
budgets and declining revenues it can be difficult to justify a
program where the costs are immediate and easily measur-
able while the benefits are longer term and less defined.

• Lack of a Champion in a State—The absence of a passion-
ate and committed champion is a key obstacle to the suc-
cessful rollout of an asset management program. Similarly,
a change in agency leadership, which occurs all too fre-
quently in today’s environment, can cost a program its
champion and place further implementation in doubt.

• Do Not Reward Bad Behavior—There is a concern that
asset managers who have conducted their stewardship role
poorly will be rewarded with additional funding since
reported needs will be greater. This dynamic was in play
during debates on a national bridge inspection and repair
program; some states were concerned that a needs-based
funding formula would penalize them for maintaining
their bridges in a state of good repair.

Internal Procedures

• Getting bogged down in data issues:
– High Data Threshold—Effective asset management

requires a great deal of highly disaggregated data in
order to produce meaningful results. This poses a chal-
lenge to agencies that rely upon system averages for con-
dition data.

– Data Quality—Even if data are available in the required
level of detail, there can be challenges regarding the qual-
ity of the data. Condition ratings, for example, may vary
significantly among districts or even between individu-
als within a single district unless there is an effective
quality control program to assure replicable results.
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– One More System to Feed—Many agencies have a
plethora of management information systems, some of
which produce results of questionable utility. Asset
management may be perceived by some as one more on
that list.

• Finite Staff Time—Perhaps an agency’s most precious
resource is staff time (whose numbers are typically declining
both relative to the mission and in absolute terms). Allocat-
ing the staff time that effective asset management requires
poses a significant challenge.

• Finite Resources in Addition to Staff Time—Other
resources (funds, people, facilities, and equipment) are also
in limited supply and applying them to asset management
means they are not available for other priorities.

• Tools May Be Unavailable or May Not Deliver—Tools are
primarily in the categories of data collection systems for
inventory and condition information and management
information systems. Many agencies have had unsatisfac-
tory experiences in both categories.

• Difficulty in Quantifying Risk—As noted above, a quanti-
tative approach to characterizing risks is a key potential ben-
efit of asset management. However, developing meaningful
numbers for low probability events is a challenging task.

• Inability to Achieve Consensus on Details—As always,
the devil is in the details and achieving internal consensus
on the myriad aspects of an effective asset management
program is often an arduous proposition.

• Paralysis by Analysis—Having achieved the capability of
modeling the performance effects of various investment
levels and patterns, it is possible to have too much of a good
thing and becoming bogged down in endless iterations. The
number of alternative scenarios to be tested should be lim-
ited to a number that the mind can readily comprehend.

Communication with External Stakeholders

• External Stakeholder Buy-In—Just as achieving buy-in
from internal stakeholders can be problematic, so too is the
case for external parties who may question the commitment
of resources to the undertaking, or not understand or care
about the results.

• Elected Officials’ Comprehension—Elected officials are
among the most important external stakeholders, particu-
larly those serving on legislative budget committees. Such

officials may have little understanding of the goals and pur-
poses of an asset management program.

• Political Influence—As noted above, asset management
focuses on resource allocation. However, as a practical mat-
ter, politics are also very involved in resource allocation and
the political dynamic may produce far different results than
the asset management program.

Outcomes

• Results Refute Intuition; Do Not Make Sense—Even
agencies that have devoted a great deal of careful attention
to developing an accurate asset management program have
experienced receiving results that simply don’t make any
sense. Some have had to resort to a “k factor” approach to
make the numbers come out the right way.

• Cross-Silo Comparisons and Competition—Asset man-
agement can produce a programming dynamic in which,
say, pavement and bridge projects are competing for the
same limited pot of funds. While some would argue that
this is a desirable exercise, it can be a bruising process for
the participants.

• Local Interstates May Suffer—Focus on the most nationally
significant IHS routes may cause a reduction in resources
allocated to other routes in particular states.

• Intimidating Needs Results—The asset management pro-
gram may generate a list of needs that is so overwhelming
as to be politically unacceptable.

National Perspective

• Achieving Consistent Definitions—In order to be mean-
ingful, an asset management framework for the IHS will
require consistent definitions for items such as condition
levels among the states. Achieving such consistency has
proven to be problematic in the past due to variation in cir-
cumstances across the states.

• Comparable Measures State-to-State (also could be seen
as a benefit by elected officials)—A national Interstate
Asset Management Framework could lend itself to conclu-
sions being drawn about comparative performance among
the states. Such comparisons have, on occasion, been inap-
propriately conducted in the past, causing many states to
view such an exercise with trepidation.
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The basic premise behind the Interstate Asset Management
Framework is that the IHS represents the most critical set of
highway assets in the United States, and that asset management
promises an approach to help IHS owners keep the system in
operation in the most efficient manner. The IHS is a lifeline for
the U.S. economy, providing mobility for highway passengers
and freight traveling within and across the country, as well as
to Canada and Mexico. Since the IHS was conceived, other
countries have emulated the U.S. example, helping develop
their economies through similar, national networks of high-
standard highways. Keeping this national system in operation
is a prerequisite for keeping the U.S. economy competitive
internationally. And achieving this objective without unduly
straining scarce resources for transportation will help further
strengthen the U.S. economy.

Though there is national consensus on the importance of
preserving the IHS, past approaches to managing transporta-
tion assets are unlikely to be effective for meeting this goal. As
the system ages, there will continue to be increased needs for
investing in asset preservation, and increased risks from any
failure to preserve IHS assets in a state of good repair. IHS own-
ers need to adopt flexible, performance-based approaches that
target investments where they are most needed rather than
where historic precedent or institutional arrangements dictate.
Also, they need good data on their IHS assets, supplementing
the data already available on roads and bridges with additional
data on other structures, safety features, facilities, and risks to
the system.

Transportation asset management offers a set of tools and
approaches for better managing transportation infrastructure.
This report summarizes asset management concepts, develops
an approach for applying these concepts to IHS assets, and
recommends that IHS owners develop an Interstate Asset
Management plan embodying the framework. The plan should
detail the state of an agency’s IHS assets, present a set of perfor-
mance targets for those assets, and spell out what will be needed
to meet those targets. Chapter 5 describes recommended core

and comprehensive performance measures for inclusion in an
Interstate Asset Management Plan, and Chapter 4 describes
data and tools for supporting plan development.

An area of particular importance in managing IHS assets
is in managing risk. Chapter 3 describes a scenario-based
approach IHS owners can implement to better manage risks of
system failure, in addition to other approaches for managing
programmatic risks (e.g., risks of cost overruns).

There are numerous benefits as well as clear challenges
involved in the implementation of asset management principles
in general, and in applying them to the IHS in particular. Chap-
ters 4 and 5 discuss the gaps in available systems, approaches
and measures for IHS asset management, and Chapter 6 dis-
cusses implementation challenges.

An overriding challenge in managing the IHS is the tension
between national consistency and local prerogatives. The IHS
was built with a national set of standards and serves vital,
national interests. As the emphasis in managing the system
has shifted from design and construction to operations, it is
now clear that there would be significant benefit for enhanc-
ing IHS asset management to having national standards
reporting of conditions and performance of IHS assets. How-
ever, the state DOTs, toll authorities, and other agencies that
operate and manage the system need to have flexibility in how
they manage the IHS on a day-to-day basis. The IHS is of
national importance, but management of the system must be
based on consideration of challenges at the state, corridor,
and local level.

Each and every agency and entity responsible for the high-
est order highway network, including key NHS routes, must
reach its own conclusions for its own reasons on whether and
how to undertake all or parts of the Interstate Asset Manage-
ment Framework. Motivating factors will vary, as will areas of
emphasis, specific approaches, sources of leadership and orga-
nizational characteristics. What does not vary is the simple fact
that the potential consequences of deterioration or disruption
to the nation’s most important arteries will be severe in terms
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of impacts upon the economic well-being and quality of lives
of our citizens. Coupled with the high expectations and low
tolerance of failure to perform that confronts every trans-
portation agency, the rationale for implementing a risk-based
asset management framework for the Interstate Highway Sys-
tem becomes increasingly apparent. By taking advantage of

best practices in asset management and risk management,
system owners and operators can most effectively combat the
effects of deteriorating infrastructure, minimize costly system
disruptions, and ensure that the national highway system
continues to serve as an engine for helping drive our economy
forward.
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A literature review was conducted to investigate recent
research and current state-of-practice related to performance
measurement, risk assessment and risk management imple-
mentation by transportation agencies. The sources for the lit-
erature review included FHWA reports, NCHRP reports,
published papers in professional journals (ASCE, TRR, etc.),
and current practices from Federal, state, and local agencies.
This appendix summarizes the review, organized by risk man-
agement, asset data and analytical tools, and performance
management.

A.1 Risk Management

The review of risk management literature focused on two
primary areas: asset/operations-specific approaches to risk in
management systems; and statewide or regional approaches to
management of catastrophic/severe risk. Two resources merit
special mention: the 2002 AASHTO Guide to Highway Vulner-
ability Assessment (1), and the draft final report for NCHRP
Project 20-59, Guide to Risk Management of Multimodal Trans-
portation Infrastructure (2), provided to the research team by
NCHRP. Key concepts from theses resources are discussed in
Chapter 3, and the two documents are summarized under a
separate heading since they embody state and Federal agency
level guidance documents that are different from the other
research studies included in the review.

Approaches to Risk in 
Management Systems

Many research studies have been conducted on the analysis
and management of specific highway assets (especially bridges,
tunnels, and roads) with risk-based methodologies. The risk
categories analyzed in these studies include terrorism, earth-
quake, and loss of structural or functional performance of
assets. Several risk-based methodologies were developed for
bridge management systems and highway maintenance man-
agement systems using these concepts.

Risk-Based Bridge Management (3). This paper describes
a methodology for bridge project selection based on reliability
methods and optimization procedures. The authors use a Mar-
kovian model to simulate deterioration of structural compo-
nents, and determine a reliability index for each element using
either subjective assessment or first-order reliability methods.
The overall reliability of the bridge is calculated as system reli-
ability by combining the individual reliability of the compo-
nents in a series system. Risk is estimated with the reliability of
the bridge and the consequence of closure. The paper discusses
methods for finding the optimum set of repairs that minimize
the total network risk and describes use of a near-optimum
algorithm for this application.

Risk-Based Prioritization of Terrorist Threat Mitigation
Measures on Bridges (4). This paper discusses developing a
risk-based methodology to facilitate prioritization of terrorist
threat mitigation strategies on individual bridges. This method-
ology was designed to focus on a single bridge and the risk of
terrorist attack associated with each of its many individual
structural components. The methodology evaluated the bridge
risk based on such factors as the component’s importance to
overall structural stability, its location and accessibility to ter-
rorists, and its resistance to the specific threat. The result of the
methodology was a rank-ordered list of components most at
risk to attack, allowing prioritization and optimization of the
mitigation design for the bridge. Once mitigation schemes are
identified, the methodology can be utilized to recalculate miti-
gated risk, allowing for a direct indication of benefit/cost of the
mitigation design.

A Risk-Based Decision-Support System for Bridge Man-
agement (5). This paper presents a novel framework for a
risk-based decision-support system for an advanced bridge
management system. The authors suggest evaluating bridge
risk using structural safety reliability and anticipated conse-
quences of the bridge’s failure. The system they describe
includes components addressing inspection, data collection
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and storage, deterioration modeling, structural assessment,
economic appraisal of maintenance, MR&R actions through
whole-life costing, work programming optimization method-
ologies, and a number of reporting facilities.

Risk-Based Asset Management Methodology for Highway
Infrastructure Systems (6). This study applies risk-based
models to highway maintenance management systems. The
authors developed a systemic risk-based asset management
methodology as a decision-making tool for highway planners
and maintenance engineers to manage the maintenance of
highway infrastructure systems.

A Risk-Based Maintenance Management Model for Toll
Road/Tunnel Operations (7). The focus of this study was
to develop a risk-based maintenance management model to
prioritize preventive maintenance activities for equipment in
complex plant installations like toll road/tunnel systems. The
resulting model is based on the five core elements of the risk
management process: identification, measurement, assess-
ment, valuation, and control and monitoring. The model
requires participation of different departments to determine
the failure modes and effects of equipment and the corre-
sponding preventive actions. The model can help operators
to establish and determine suitable maintenance strategies for
selecting the best courses of action in managing identified
risks.

Risk-Based Life-Cycle Costing of Infrastructure Reha-
bilitation and Construction Alternatives (8). This paper
presents a new approach for estimating life-cycle costs and
evaluating infrastructure rehabilitation and construction alter-
natives, derived from probability theory and simulation appli-
cation. In this study, highway pavement data are used to
demonstrate the model concept and development. The devel-
oped risk-based life-cycle cost model considers the time to fail-
ure of each pavement rehabilitation/construction alternative
and provides additional knowledge about the uncertainty lev-
els that accompany the estimated life-cycle costs. The paper
describes the various components of the developed model, the
factors affecting pavement performance and service life, the
statistical stratification process of highway pavement networks,
and the data input modeling and simulation utilized for the
analysis. The model can help engineers in the decision-making
process regarding the selection of pavement construction and
rehabilitation alternatives.

Approaches to Management 
of Catastrophic/Severe Risk

Several risk-based research studies have been conducted at
the statewide or regional levels for highway infrastructure sys-
tems on catastrophic/severe risk. They include terrorism risk
studies in Virginia and seismic risk studies in California, as

well as development of a general vulnerability rating based on
work originally performed by New York State Department of
Transportation.

Assessing and Managing Risk of Terrorism to Virginia’s
Interdependent Transportation Systems (9). This study
was conducted to assess and manage the risk of terrorism to
Virginia’s interdependent transportation infrastructure. The
focus was to understand how the failure of one piece of infra-
structure or any of its elements propagates in order to imple-
ment management policies that can mitigate the consequences.
It uses several risk assessment and management models: the
Hierarchical Holographic Model (HHM) for identifying risks;
the Risk Filtering, Ranking, and Management (RFRM) for
ranking risks; the Inoperability Input-Output Model (IIM) for
accounting for direct and indirect impacts/consequences; and
the Partitioned Multi-Objective Risk Method (PMRM) for
accounting for extreme events. At the statewide level, the direct
and indirect economic impacts of transportation infrastruc-
ture disruptions (natural hazard, intentional attack, etc.) on
various dependent industry sectors are assessed using the IIM.
The industry impacts are measured in two metrics, economic
losses and percentage of inoperability. Workforce impacts are
also considered in the IIM in terms of income reduction and the
number of workers affected. The data from the Bureau of
Economic Analysis (BEA) Input-Output Table and the
Regional I-O Multiplier System II (RIMS II) is used in IIM for
ranking industry sector impacts. Census workforce data and
commodity flow data are used to quantify the disruption to the
transportation system produced by an act of terrorism.

Modeling the Impact of Infrastructure Interdependencies
on Virginia’s Highway Transportation System (10). In this
study, risk assessment and risk management techniques are
used to identify system vulnerabilities and the risks associated
with those vulnerabilities. HHM described above is used to
identify risks and vulnerabilities. Information used in HHM
includes jurisdictional, intermodal, economic and user per-
spectives. A case study is presented focusing on risk manage-
ment and finding ways to unlock the interdependencies of the
highway system to reduce the risks associated with those inter-
dependencies. As part of the project findings, a sampling of risk
management options is introduced in two categories: Response
(form response teams, alternative routes, redundancy in the
system, etc.); and Unlock Interdependencies (alternate forms
of transportation, overstocking critical facilities, staggering
work schedules, etc.).

Seismic Risk Assessment of Transportation Network
Systems (11). In this study, the risk from earthquakes to a
transportation system is evaluated in terms of direct loss from
damage to bridges and travel delays in the transportation net-
work. The direct loss is estimated from repair costs due to dam-
age to bridges and is dependent on the size of the bridge and
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the expected damage state of the bridge. The travel delays
resulting from closure of damaged bridges are calculated using
origin-destination (O-D) tables, coupled with network analy-
sis of the pre-earthquake scenario with a base transportation
network and the post-earthquake scenario with a modified
transportation network. The consequence of earthquakes on
the transportation network is evaluated for a magnitude 7.0
earthquake scenario in California. The information for bridge
inventory and the highway transportation network was
obtained from transportation agencies for this study. The study
reports that liquefaction damage is the largest contributor to the
repair cost which is used as a measure of the loss from damage.

System Risk Curves: Probabilistic Performance Scenarios
for Highway Networks Subject to Earthquake Damage
(12). The authors develop methods for evaluating the per-
formance of highway systems subjected to severe earthquake
impacts. In this study, the total transportation network delay is
estimated with user-equilibrium network analysis methods to
evaluate the network system performance due to seismic
induced damage. The bridge damage and highway network
link damage is evaluated by means of a damage index with
Monte Carlo simulation techniques and bridge fragility curves.
The fragility curves for individual bridges are developed on
the basis of empirical damage data and dynamic analysis
performed on bridge structures. These curves are used to gen-
erate network damage states for various earthquake scenarios
by means of Monte Carlo simulation. To test the approach
changes in system performance in different scenarios are mea-
sured in terms of additional total network delay for a set of
sample scenarios. The final result of these efforts is a transpor-
tation system risk curve, which shows the annual probability of
exceedance and the hazard-consistent probability for different
levels of network delay.

Multi-Objective Optimization for Bridge Management
Systems (13). Appendix B of this report details an approach
to calculating a vulnerability rating for a structure for scour,
fatigue, seismic, and other vulnerabilities. This approach is in
turn based largely upon work performed by the New York
State Department of Transportation. The vulnerability scor-
ing approach described here provides a thresholding approach
for assessing structures risk that can be used in conjunction
with the risk assessment approach described in Section 3.
Note that other portions of this report are also relevant, and
described further in the review of data and analytical tools.

AASHTO and NCHRP Guides 
to Risk Management

2002 AASHTO Guide to Highway Vulnerability Assess-
ment (1). This document, developed in the immediate
aftermath of the 9/11 attack, focuses on providing high level
guidance for vulnerability assessment of highway transporta-

tion assets against terrorist threats, including bridges, tunnels,
roadways, interchanges, tollhouses, and roadside infrastructure
(e.g., signs, barriers, sensors). It provides a six-step process
for conducting a vulnerability assessment. Key aspects of the
guide include:

• Reliance of the organization to organize and sustain a multi-
disciplinary team ready to identify critical assets, perform
vulnerability assessments, and subjectively identify costs and
effectiveness of countermeasures.

• Guidance on selecting critical assets and subjectively assign-
ing “asset criticality” scores over a number of asset factors
and their subsequent aggregation to determine a criticality
factor for each asset.

• Guidance on subjectively assessing “asset vulnerability”
scores over a number of factors and their subsequent aggre-
gation to determine a vulnerability factor for each asset.

• Guidance on combining and analyzing the criticality and
vulnerability assessments to determine countermeasure
action.

• Guidance on countermeasures spanning the capital, main-
tenance and operational areas, countermeasure packaging,
and first-order estimation of costs for countermeasures.

• Guidance on reviewing operational and security planning.

The guide relies heavily on experience, expertise, and
resource commitment. There is very little automation of the
process and the factors chosen are subjective to a point where
different teams looking at the same asset or vulnerability could
potentially come up with different scores and mitigation pri-
orities. The Guide also stops short of proposing a methodology
to compute/impute the consequences of extreme events.

NCHRP Project 20-59: Guide to Risk Management of
Multimodal Transportation Infrastructure (2). This report
seeks to improve upon the concepts presented in the 2002
AASHTO Guide, and expand the applicability of the proce-
dures developed to all intentional, unintentional, and natural
hazards and all modes of transportation, not just highways. It
makes significant proposals in formalizing the risk manage-
ment process, but it consciously avoids consequence modeling
benefit/cost analysis, return on investment calculations, and/or
other economic analysis of risk consequences and mitigation
measures. Further, event probability is not fully tied into risk
calculation for all threats/hazards.

A.2 Asset Data and Analytical Tools

Data

Cambridge Systematics, U.S. Domestic Scan Program:
Best Practices in Transportation Asset Management (14).
This scan report identifies best practice examples of the
application of asset management principles and practice in
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U.S. transportation agencies. The scan participants included
FHWA officials, representatives from state transportation
agencies in Michigan, North Carolina, Ohio, Oregon, and
Vermont, a university professor in transportation engineering
and planning, and a consultant support staff.

Highway Performance Monitoring System Reassessment
2010� (15). The report summarizes the HPMS 2010+
reassessment recommendations, including stakeholder input,
proposed recommendations, and impacts of the reassessment.
The reassessment is intended to address current and future
business needs, address new data requirements in transporta-
tion reauthorization legislation, and update HPMS to take
advantage of technological improvements.

Managing Selected Transportation Assets: Signals,
Lighting, Signs, Pavement Markings, Culverts, and Side-
walks (16). This study examines the state-of-the-practice for
managing transportation infrastructure assets other than
pavements and bridges, including traffic signals, lighting,
signs, pavement markings, drainage culverts, and sidewalks. A
key finding is that the amount of data and manner collected
varies significantly for these assets between different agencies.

Culvert Management Systems: Alabama, Maryland,
Minnesota, and Shelby County (17). This report provides
details about the culvert management data and practices used
in four jurisdictions, and provides guidance for agencies seek-
ing to improve their culvert management approach.

Highway and Rail Transit Tunnel Inspection Manual
(18). This manual was developed by FHWA and the Federal
Transit Administration (FTA). It provides specific information
for the inspection of both highway and rail transit tunnels. The
goal of the manual is to provide uniformity and consistency in
assessing the condition of the various tunnel components and
to present good maintenance and rehabilitation practices.

Guidelines for the Installation, Maintenance, and Repair
of Structural Supports for Highway Signs, Luminaries, and
Traffic Signals (19). This document is designed to provide
guidance for the installation, inspection, maintenance, and
repair of structural supports for highway signs, luminaries,
and traffic signals. It recommends using an element-level
approach for inspecting these structures, similar to that used
for bridges using the AASHTO Pontis BMS.

Colorado DOT, Feasibility of a Management System for
Retaining Walls and Sound Barriers (20). This report
makes the case that the management systems for retaining
walls and sound barriers are feasible and can be modeled on
existing systems for bridge management such as AASHTO’s
Pontis BMS. It presents the tasks for full development of wall

and barrier management including the proposed data and
procedures specific to walls and barriers and recommendation
on inspection practice and intervals.

Use of Highway Maintenance Management Systems in
State Highway Agencies (21). This paper details surveys of
29 state highway agencies on the state-of-the-practice in
MMS. It shows there is considerable variation between agen-
cies in the data collected in their MMS and the state of MMS
implementation.

XML Schemas for Exchange of Transportation Data
(22). For the NCHRP 20-64 Project detailed in this report, a
research team developed TransXML—a family of broadly
accepted public domain eXtensible Markup Language (XML)
schemas for exchange of transportation data. The following
pilot business areas were selected as the focus of the study:
Survey/Road Design; Transportation Construction/Materials;
Highway Bridge Structures; and Transportation Safety. The
report discusses the possible benefits by adopting and expand-
ing TransXML, and highlights efforts designed to help ensure
its success.

Asset Management Data Collection Guide (23). This
guide was prepared by a joint committee of AASHTO, the
Associated General Contractors of America (AGC) and the
American Road and Transportation Builders Association
(ARTBA). It reviews asset management concepts, discusses
current data collection practices, and presents a set of criteria
for determining what data to collect. Also, this guide recom-
mends inventory and condition data items that should be col-
lected for:

• Drainage assets, including culverts, ditches, drop inlets,
catch basins, drains, curbs, and sidewalks;

• Roadside assets, including grass, slopes, and fences;
• Pavement assets, including pavement and shoulders; and
• Traffic assets, including signs, pavement markings, pave-

ment markers, guardrail, guardrail treatments, and traffic
barriers.

Analytical Tools

A comprehensive review of asset management tools was
recently performed for NCHRP Project 20-57 and docu-
mented in NCHRP Report 545 (23). The research team used
the materials gathered through the NCHRP 20-57 project as
a starting point. This information was supplemented with a
review of the literature published since the completion of
NCHRP Project 20-57 and additional best practice examples
and information on data resources. Also, the research team
reviewed materials from other relevant NCHRP efforts, and
materials available on systems developed or distributed by
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AASHTO, FHWA and other Federal agencies. The review was
performed to help answer two questions:

• What asset data and analytical tools are in use in the United
States and/or international agencies that could help sup-
port the Interstate Asset Management Framework; and

• What data and analytical tools are available in the public
domain for immediate implementation during the frame-
work pilot?

The following is a summary of the materials reviewed.

Analytical Tools for Asset Management (24). This report
details the set of analytical tools available as of 2005 and
describes two new tools developed through the NCHRP 20-57
Project: AssetManager NT for network-level asset analysis and
AssetManager PT for project-level analysis. In establishing the
needs for a new analytical tool, the NCHRP 20-57 research team
reviewed the available literature, performed detailed interviews
of 10 transportation agencies, and prepared detailed profiles of
11 tools available in the public domain, including:

• Highway Economics Requirements System State Version
(HERS-ST);

• Highway Development and Management Tool (HDM-4);
• Surface Transportation Efficiency Analysis Model (STEAM);
• Intelligent Transportation Systems (ITS) Deployment

Analysis System (IDAS);
• Pavement LCCA Tool, now titled RealCost;
• EAROMAR (Economic Analysis of Roadway Occupancy

for Maintenance and Rehabilitation);
• MicroBENCOST, since superseded by BCA.NET;
• StratBENCOST;
• Transportation Decision Analysis Software (TransDec);
• National Bridge Investment Analysis System; and
• Bridge Life Cycle Cost Analysis (BLCCA) Tool, detailed in

NCHRP Report 483: Bridge Life-Cycle Cost Analysis (25).

Further, the report details what tools are available and/or in
use, discusses the gaps in existing tools, and details the need for
new functionality, both in the AssetManager tools developed
through the project and in other analytical tools.

Pavement Management Applications Using Geographic
Information Systems (26). This synthesis describes
approaches to integrating PMS and Geographic Informa-
tion Systems (GIS). It reports that approximately half of
state DOTs use global positioning systems (GPS) as part of
their data collection process, though data collected by GPS
present issues because of the lack of compatibility with his-
torical data and interoperability with existing systems. The
synthesis concludes that the benefits of implementing a GIS

for supporting pavement management outweigh the costs,
but relatively few DOTs are using GIS as part of their pave-
ment management decision process.

Multi-Objective Optimization for Bridge Management
Systems (13). This report reviews approaches to multi-
objective optimization, and prototype application of a
heuristic approach to BMS data. It recommends adapting the
incremental benefit cost (IBC) approach already used for sim-
ulation models in many management systems for use in a
multi-objective approach, expanding this into an incremental
utility cost (IUC) approach to factor in additional objectives.
The report also describes two spreadsheet tools developed
through the project, the Multi-Objective Optimization System
(MOOS) bridge-level and network-level models. Although
MOOS is intended to integrate programmatic risks with risks of
system failure, as these concepts are described in Section 3, it
can be used to prioritize risks of system failure consistent with
the approach detailed in Section 3.

AASHTO Guidelines for Maintenance Management
Systems (27). This document describes MMS functionality
at a general level and identifies the components of a compre-
hensive MMS that agencies should consider in terms of their
approach to maintenance management and their operating
environment. These components include: planning; pro-
gramming and budgeting; resource management; scheduling;
monitoring and evaluation; and maintenance support and
administration.

Disruption Impact Estimating Tool—Transportation
(DIETT)—A Tool for Prioritizing High-Value Transporta-
tion Choke Points (28). This report details a tool developed
to prioritize risks to transportation choke points (TCP) such as
bridges and tunnels. The tool includes a Microsoft Access
application for filtering a set of TCPs. The Access application
exports data to an Excel spreadsheet which is used to perform
the prioritization. The example provided with the study shows
the example prioritization of bridges based on NBI data and
additional parameters used to characterize the economic value
of freight traffic utilizing the TCP. DIETT is designed to work
in conjunction with the Consequences Assessment Tool Set
(CATS) developed by Science Applications International
Corp. (SAIC).

Prototype Software for an Environmental Information
Management and Decision Support System (29). This
details data sources and analytical tools used by transporta-
tion agencies for environmental management. This reference
describes the prototype environmental information manage-
ment system developed through NCHRP Project 25-23(2) for
storing environmental management data for supporting
long-range planning, project development and maintenance.
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A.3 Performance Management

Guidance Documents

Performance Measures and Targets for Transportation
Asset Management (30). This report provides a comprehen-
sive review of current practices in transportation performance
measurement, drawing upon an extensive literature review and
in-depth interviews of 15 state transportation agencies. Its
review was used as the starting point for the current study. The
report provides an assessment of performance measures for
facility preservation, operation, improvement, and expansion,
though the primary focus of the report is on preservation
measures. It describes different approaches for classifying per-
formance measures, and presents a set of criteria and guide-
lines for selecting performance measures. Volume II of the
report is a guide for selecting performance measures, with an
approach to classifying measures and examples of the measures
in use in different state DOTs.

Guide to Effective Freeway Performance Measurement
(31). This guidebook was developed through NCHRP Pro-
ject 3-68. It provides comprehensive treatment of the topic of
freeway performance measurement, particularly regarding
congestion and mobility measures. The guide recommends a
set of core measures that agencies should collect for all free-
ways, as well as supplemental measures. Measures are classified
according to whether they are measures of quality of service or
agency activity, by the extent of the measure (e.g., measured
section-by-section, over an area, or across an entire state). The
guidebook also details possible applications of the performance
measures, including real-time, operations planning, short-
term planning, and long-term planning applications.

Measuring Performance Among State DOTs (32). This
report recommends the use of comparative performance
measurements for enabling different agencies to compare their
performance in order to improve customers’ satisfaction and
communication between agencies. The report reviews litera-
ture related to this topic and details a series of workshops held
for the study. It presents principles for comparative perfor-
mance measurement and includes a detailed framework for
developing a comparative performance measurement initia-
tive. Further it recommends the use of seven core measures for
comparing performance between DOTs in the following four
strategic focus areas:

• Preserving the Physical Condition of the Transportation
System. Percentage of vehicle miles traveled on state’s NHS
pavement that meets or exceeds an “acceptable” perform-
ance standard, based on IRI; and percentage of state’s bridge
deck area on the NHS that meets structural condition tar-
gets (measured using element-level inspection data).

• Managing Congestion. Annual hours of delay per traveler
on freeways and principal arterials.

• Managing Project Delivery. Average actual project letting
and completion versus scheduled letting and completion;
and annual ratio of actual construction cost versus bid
amount.

• Safer Travel. Three-year moving average annual number of
fatalities per 100 million vehicle miles traveled; and three-
year moving average annual number of fatalities per 100,000
population.

Effective Organization of Performance Measurement
(33). As part of NCHRP Project 8-36, Task 47, this AASHTO
Standing Committee on Planning (SCOP) study assesses how
transportation agencies, particularly state DOTs, incorporate
performance measurement functions within their overall orga-
nizational frameworks. The report provides useful “lessons
learned,” based on case study research, for transportation
organizations that are setting up new programs or adjusting
and reorganizing existing programs. It identifies the most
effective organizational attributes that contribute to a success-
ful program.

Measuring and Improving Infrastructure Performance
(34). This report prepared by the National Research Coun-
cil’s Committee on Measuring and Improving Infrastructure
Performance provides guidance on developing a framework
for performance measurement, and on using performance
measures in decision making on infrastructure. The report
focuses on implementing performance-based infrastructure
management in urban regions and on four broad categories of
infrastructure: transportation, water, wastewater, and munic-
ipal waste. This study is notable in several respects. It was con-
ducted in the wake of a series of early studies that identified
the need for increased investment in infrastructure, but prior
to the more recent wave of studies of performance-based plan-
ning, asset management, and performance measures repre-
sented by the other documents described previously. Further,
it provides an unusually comprehensive treatment of the
underlying concepts of performance measurement as they
relate to publicly owned infrastructure. Finally, it reflects upon
a number of topics that, even over a decade later, still seem
quite timely for managing IHS assets, including handling of
multiple objectives in decision making and factoring in uncer-
tainty and risk.

State-of-the-Practice Examples

A number of state-of-the-practice examples have been com-
piled and are summarized in the guidance documents detailed
earlier. To supplement this information, the research team
reviewed two additional examples of national-level summaries
of the condition of the IHS and/or the nation’s highways.
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Status of the Nation’s Highways, Bridges, and Transit:
Conditions and Performance Report (C&P Report) (35).
The United States Department of Transportation prepares
the C&P Report for the U.S. Congress on a biennial basis. It is
intended to provide an objective appraisal of the nation’s high-
ways, bridges, and transit systems. The report uses data from
FARS, the HPMS, the NBI, and the National Transit Database
(NTD) to evaluate the physical conditions and operational
performance of the nations’ surface transportation system. It
includes a section specifically on conditions of the IHS. Mea-
sures for which predicted changes in conditions are reported
include IRI, percent of vehicle miles traveled (VMT) on roads
with IRI < 95, percent of VMT on roads with IRI ≤ 170, total
delay, total user costs, travel time costs and bridge investment
backlog.

U.S. DOT Fiscal Year 2006 Performance and Account-
ability Report (36). This document measures the agency’s
progress towards achieving a set of targets for the nation’s
transportation system in support of six strategic goals, identi-
fying performance measures and targets for each. Highway-
related measures in the report are summarized below,
organized by strategic goal:

• Safety:
– Fatalities per 100 million VMT; and
– Fatalities involving large trucks per 100 million VMT.

• Mobility:
– Percentage of travel on the NHS meeting pavement per-

formance standards for “good” ride; and
– Percentage of total annual urban-area travel that occurs

in congested conditions.
• Global Connectivity:

– Percent share of the total dollar value of DOT direct con-
tracts that are awarded to women-owned businesses;

– Percent share of the total dollar value of DOT direct con-
tracts that are awarded to small disadvantaged businesses.

• Environmental Stewardship:
– Ratio of wetlands replaced for every acre affected by

Federal-aid highway projects;
– Percent of DOT facilities characterized as No Further

Remedial Action Planned under the Superfund Amend-
ments and Reauthorization Act; and

– 12-month moving average number of area transporta-
tion emissions conformity lapses.

• Security:
– Transportation Capability Assessment for Readiness

Index Score.
• Organizational Excellence:

– For major Federally funded infrastructure projects, per-
centage that meet schedule milestones established in
project or contract agreements, or miss them by less than
10 percent; and

– For major Federally funded infrastructure projects, per-
centage that meet cost estimates established in project or
contract agreements, or miss them by less than 10 percent.

International Resources

Transportation Asset Management in Australia, Canada,
England, and New Zealand (37). This is a compilation
report of an international scan of asset management tech-
niques and processes from four countries. The report addresses
leadership and organizational challenges, asset management’s
role in decision making, data use, and technical approaches,
lessons in effective program delivery, and human resource
requirements. The scan team synthesized the data from the
scan into a list of lessons which could be applied to infrastruc-
ture resource allocation in the United States, including:

• Common asset management performance measures can be
categorized into condition, function, and capacity indica-
tors. In some instances, these categories serve as the basis for
cross-asset evaluation and prioritization methods.

• All transportation authorities interviewed use the concept of
risk in their prioritization process. Whereas, the application
of risk is absent from most U.S. agencies’ asset management
frameworks.

• The integration of asset management into public-private
ventures is instrumental in ensuring assets are returned to
the public entity in good condition and good service is deliv-
ered to the users during the life of the contract.

• Data itself should be treated as an asset; data collection
should have a clear purpose and be directly tied to a per-
formance measure used in the decision-making process.

Transportation Performance Measures in Australia,
Canada, Japan, and New Zealand (38). This international
scan was conducted to help provide U.S. agencies with a back-
ground on the issue of performance measures in transporta-
tion decision-making. The scan team identified a number of
common themes and lessons applicable to U.S. agencies. These
include:

• The international transportation officials in the scan clearly
distinguished between outcome (i.e., the ultimate character-
istic of the performance of the system) and output (i.e.,
products and services leading to outcomes) measures.

• Identifying a small set of key performance measures, as the
National Ministry in Japan has, encourages the use of the
measures in decision making; localities can establish addi-
tional measures specific to their circumstance as appropriate.

• The most commonly used categories of measures were road
network congestion, accessibility and mobility, road safety,
travel time, and trip reliability; transportation system secu-
rity was absent from all survey countries’ measures.

63

An Asset-Management Framework for the Interstate Highway System

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/14233


• The best examples of performance measure use included a
relatively dynamic set of measures, to address the evolving
goals of the organization.

International Infrastructure Management Manual (39).
The goal of this manual is to provide organizations with skills
to monitor their assets cost-effectively. A series of steps is pro-
posed to plan, prepare, and develop asset management within
an organization. Based on the manual, in order for an agency
to implement asset management, the organization should
define: i) the levels of service for each of its assets, the current
levels of service, the customers’ expected levels and the levels
the customers are willing to pay for; ii) forecast future demand;
and iii) determine the physical condition and current utiliza-
tion of its assets. The organization should also communicate
with its customers to define their expectations. The manual
also proposes a process for collecting and managing data. A
framework is proposed to enable an organization to determine
how an asset may fail to achieve its expected level of service.
Determining the failure mode of an asset can help the organi-
zation in monitoring the asset. Likewise, the manual addresses
the issue of identifying and evaluating risks related to an asset.
The manual provides examples of asset management in Aus-
tralia and New Zealand.
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This section describes the pilot conducted of the Interstate
Asset Management Framework. The pilot was conducted pri-
marily to test application of the framework using existing
data and tools. Section B.1 details the approach of the pilot.
Section B.2 describes the data obtained. Section B.3 details
the analysis performed, and Section B.4 summarizes conclu-
sions from the pilot.

B.1 Approach

Participants in the pilot effort were selected by the research
panel, and included representatives from the DOTs of Califor-
nia, South Carolina, and Wisconsin. Each participant identified
an IHS corridor from their DOT’s IHS network to include in
the analysis. The corridors included in the pilot were as follows:

• California—Interstate 80;
• South Carolina—Interstate 95 (approximately 100 miles

of this highway, extending south from the North Carolina
border); and

• Wisconsin—Interstate 94.

The research team requested the same basic data and per-
formed, to the extent feasible, the same analyses on the data
from each pilot participant. The research team requested the
following types of data from each participant, at a minimum:

• Pavement/Highway Inventory—Inventory and condition
data for each pavement section, including the agency’s
HPMS file and additional pavement condition measures
not included in the HPMS;

• Bridge—Pontis database or NBI file;
• Other Structures—Listing of other structures, including

structure type, annual maintenance cost, replacement cost,
estimated remaining service life, and any available listing
of deficiencies for the asset;

• Roadside Assets (signs, striping, traffic operations equip-
ment, guardrails, right-of-way, shoulders, and any of the

other structures listed above for which the agency lacks
detailed asset data)—Inventory of roadside assets includ-
ing asset type, extent (e.g., counts of the asset over the cor-
ridor), and annual maintenance cost for the asset;

• Facilities (rest areas, weigh stations, toll booths and any
other buildings or other facilities associated with the
pilot corridor)—Inventory of facilities including facility
type, location, and annual maintenance cost; and

• Other—Information on the status, scope and cost of
planned, programmed or in-progress projects for the pilot
corridor, counts of crashes and fatalities by year for the past
five years on the pilot corridor.

Agencies were requested to provide whatever data they had
already collected and were readily available from the set of
data items described above, as well as additional relevant data
(e.g., a description of risk scenarios or travel demand data
that could be used to facilitate risk analysis).

Data were requested in December 2007 and received between
January and February 2008. Once data were obtained, the re-
search team performed a series of analyses to characterize exist-
ing conditions of each corridor, and predicted future conditions
under different funding and risk scenarios. These analyses are
described in Section B.3 and are considered typical of that re-
quired to develop an Interstate Asset Management Plan.

B.2 Summary of Data Obtained

All of the pilot participants were extremely helpful in facil-
itating collection of the data for the pilot, despite the fact that
this frequently required coordination with a number of dif-
ferent groups within their respective agencies. Table B.1 sum-
marizes the data obtained from the pilot participants. The
following paragraphs further detail the data obtained for each
asset category.

• Pavement/Highway Inventory—All of the pilot partici-
pants had HPMS data and additional pavement condition
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data. One participant (South Carolina) had an in-house
capability to simulate future conditions using its Pavement
Management System (PMS) and provided PMS results for
the pilot corridor.

• Bridges—All of the participants had NBI data and addi-
tional element-level data. Two participants (South Carolina
and California) had developed deterioration and costs
models for use in predicting future bridge conditions. One
participant (California) provided additional data on a vari-
ety of risk-related bridge needs, including seismic vulnera-
bilities, scour mitigation needs, and safety improvement
(guardrail) needs.

• Other Structures—Limited data were available on other
structures. All of participants store some amount of struc-
ture data for nonbridge structures (e.g., tunnels and some
culverts) in their bridge management system (BMS). Except
for the data available through their BMS, none of the partic-
ipants had available additional detailed structure inventory
and condition data.

Roadside Assets. Limited data were available for roadside
assets. One participant (Wisconsin) had inventories avail-
able for signs and pavement markings. Another participant
(California) had data on roadside vegetation needs, as well as
system-level data on roadside assets to support a maintenance
budgeting process, though this was not localized to the pilot
corridor. In some cases, participants indicated that individual
districts likely had additional inventory data (e.g., in the form
of spreadsheet inventories), but this information was not read-
ily available and attainable within the timeframe requested.

Facilities. Facilities specific to the IHS for the pilot corri-
dors included rest areas along each corridor. Two of the par-
ticipants (South Carolina and Wisconsin) provided details on
their rest areas, including maintenance and renewal costs.

Other Data. All of the participants had project information
for programmed projects on the pilot corridors. All of the par-
ticipants provided data on crashes and fatalities on the pilot
corridors.

All of the participants had additional data beyond the
minimum data requirements described above. For example,
California recently updated its process for developing its
Strategic Highway Operations and Protection Plan (SHOPP)
and had data and results available from that effort. South
Carolina had detailed data on highway interchanges and
interstate highway sections, including potential interchange
improvements and performance measures related to highway
sections and interchanges in its Interactive Interstate Man-
agement System (IIMS). Figure B.1 shows an example screen
from the IIMS showing an interchange diagram and predicted
performance measures for an I-95 interchange. Wisconsin
provided information on its passenger and freight demand
models, as well as additional freight analyses.

Regarding risk, two of the participants had considered risk
in operational planning in some manner (California through
identifying “emergency lifeline routes” and South Carolina
through developing hurricane evacuation plans). Also, Cal-
ifornia had significant additional data available regarding
structure-related risk, as described above. All of the partici-
pants either had (California, Wisconsin) or were developing
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Table B.1. Summary of pilot data obtained.

Category  Data Obtained  

Pavement/ 
Highway Inventory  

All participants had HPMS data  

All participants had data on existing/historic conditions  

One participant had PMS runs available  

Bridges All participants had NBI data  

All participants had additional element-level data  

Two participants had cost models needed to run Pontis  

One participant had supplemental information on structure-related risk (e.g.,  
seismic, guardrails, scour, etc…)  

Other Structures  Limited data available  

Roadside Assets  Signs/pavement markings for one-third of the participants 

Facilities Two participants had basic inventory and cost data for rest areas 

Other All participants had crash data  

All participants had project data  

All participants have (or will soon have) travel demand model data, but none  
were in a position to define risk scenarios to analyze using travel demand data  

One participant had some level of risk-related data – details on structure  
vulnerabilities of different types, with scores  
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(South Carolina, through participating in the I-95 Corridor
Coalition travel demand model development effort) travel
demand models that could be used to support risk analysis.
However, none of the participants had identified risk sce-
narios that could be used in conjunction with their travel de-
mand models for quantifying potential consequences of
different risks.

B.3 Analyses Performed

Using the data described in the previous section, a set of
analyses was performed for each of the pilot corridors. The
goal of the analysis was to predict future performance of 
the pilot corridors for different budget scenarios in terms of
the core measures recommended for a typical Interstate Asset
Management Plan. Also, to the extent feasible, analyses were
performed to demonstrate application of the risk assessment
approach recommended previously. The paragraphs below
describe the analyses performed and specific analytical tools
used for the pilot.

Pavement/Highway Inventory. This category of data can
be used to predict pavement conditions, as well as a range of
other measures, including mobility and safety-related mea-
sures. The research team used the FHWA Highway Economic

Requirements System—State Version (HERS-ST)—to predict
mobility and safety-related measures. HERS-ST is available at
no cost and requires HPMS data as input. All of the pilot par-
ticipants had this data available, and it was thus feasible to run
HERS-ST for each of the pilot corridors.

HERS-ST predicts a limited number of measures of pave-
ment condition, including Present Serviceability Rating (PSR),
and International Roughness Index (IRI). However, HERS-ST’s
modeling of pavements is rudimentary compared to that fea-
sible in most agency pavement management systems (PMS).
Thus, where feasible, supplemental analysis results were used
as an alternative to HERS-ST for predicting pavement condi-
tion. In the case of South Carolina, agency PMS results were
available for the pilot corridor. For Wisconsin, research team
members working with Wisconsin DOT on a separate effort
used the remaining service life approach described in Interim
Report 1 to analyze pavement conditions for the pilot corri-
dor. For California, supplemental analyses were available at a
system level, but not for the pilot corridor. Thus, the research
team relied upon HERS-ST for predicted pavement conditions.

Bridges. For South Carolina, a set of Pontis simulations
was run for the pilot corridor using South Carolina Pontis
models. For California DOT (Caltrans), the bridge needs analy-
sis approach defined for Caltrans’ SHOPP update process was
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used. This entailed using Pontis to generate functional im-
provement needs, predict deterioration over time, and predict
the benefits of certain types of bridge needs. For Wisconsin,
state-specific models were not available and element data,
though available, were not stored in the form of a Pontis data-
base. Thus, NBIAS was used to predict bridge conditions for
the Wisconsin corridor.

Other Structures and Roadside Assets. As noted previ-
ously, limited data were available for other assets besides pave-
ment and bridges. Where such data existed, they were either
in terms of remaining service lives of assets (e.g., of facilities)
or average condition/level of service of some population of
assets. The research team developed and tested spreadsheet
models for applying a remaining service life approach to assets
for which remaining life and rehabilitation/replacement costs
were available, and for applying a maintenance level-of-service
model to assets for which levels of service were defined.

Figure B.2 illustrates the results of applying a simple remain-
ing service life model. In this example, an asset (e.g., a facility)
is deemed to be “functioning as intended” if its age is less than
the service life for that asset, and is deemed to be not function-
ing as intended if it has no remaining service life. Given an
annual budget, it is a straightforward calculation to predict the
age distribution over time for a population of assets, aging the
assets each year of the analysis period and simulating renewal
of an asset that has reached the end of its service life, to the ex-
tent this is feasible given the available budget. Performing this

calculation requires remaining service life for each asset, re-
newal cost, and service life for a newly renewed asset. The figure
shows the percent of a group of assets functioning as intended.
In this example a $2M annual budget results in 63 percent of
the assets functioning as intended at the end of 20 years (com-
pared to a starting value of 75 percent), a $1M annual budget
results in having 31 percent functioning as intended at the end
of the period, and a $0.5M annual budget results in approxi-
mately 16 percent functioning as intended.

Where other agency systems and data were available, such
as the SCDOT IIMS and data associated with the Caltrans
SHOPP update process, the research team reviewed this in-
formation, but did not integrate these data sources into the
analysis process except as otherwise noted.

Risk. The research team demonstrated the risk assessment
approach for examining structure-related risk using data pro-
vided by Caltrans. Structure risks considered systematically
by Caltrans include risks of seismic events, bridge scour, and
guardrail failure. Previously Cambridge Systematics worked
with Caltrans to develop a utility measure that included
measures of vulnerability and consequence for each of these
risks, as well as for other bridge investment needs. For exam-
ple, for seismic risk, Caltrans has developed a list of proposed
seismic retrofit projects, and calculated seismic vulnerability
scores for each bridge. These scores provide an indication of
the degree of risk, and data on the functionality of the bridge
(e.g., traffic, detour distance around the bridge) provides an

69

Figure B.2. Example calculation of percent functioning as intended versus annual
budget using service life data.
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indication of the consequences in the event of a seismic event.
These measures were combined to predict the utility of address-
ing each identified seismic need, and to develop a relationship
between utility achieved and predicted spending.

AssetManager NT. AssetManager is a set of analytical
tools initially developed through NCHRP Project 20-57,
and now licensed through AASHTO. AssetManager NT is a
network-level tool that combines analysis results generated
through other systems, displaying predicted conditions for a
range of different performance measures and budget assump-
tions. The system is well-suited for applications such as sup-
porting development of an Interstate Asset Management Plan,
where results from different systems are combined with the
goal of providing an integrated view of predicted conditions.

The research team imported into AssetManager NT data
on pavement conditions, bridge conditions, mobility, safety,
and risk. In the system one can view predicted conditions
over time for a pilot corridor for a specified distribution of
funds. Figure B.3 shows an example screen from the system.
In this example results are shown for six different perfor-
mance measures (pavement condition, bridge health index,
number of Structurally Deficient bridges, delay, user costs,
crash rate) for four different budget allocations. Each pane
in the figure represents results for a different performance

measure, and each series graphed shows results for a different
budget allocation.

METIS. The major limitation of AssetManager is that the
system shows results for different user-specified budget alloca-
tions, but does not provide support for optimizing a budget be-
tween different objectives. Performing a cross-asset allocation
is a difficult proposition. Typically, one would solve such a
multi-objective optimization problem by first defining a utility
measure that encompasses all of the objectives one attempts to
achieve by investing in IHS assets (as was performed for help-
ing characterizing benefits of mitigating structure-related risks
described above). Previously Cambridge Systematics devel-
oped a tool for solving multi-objective optimization problems
using an evolutionary process, in which a user views different
candidate solutions (which correspond to different potential
objective functions), and gradually converges upon an optimal
solution through manual evaluation of potential solutions.
The research team used this tool, the Multi-Objective Evolu-
tionary Tool for Interactive Solutions (METIS), to pilot the
process of optimizing resources allocated to IHS assets.

Figure B.4 shows an example screen from METIS. In this
screen, alternative resource allocation results are shown for four
different candidate solutions with different weights on four dif-
ferent objectives: maximizing pavement condition (measured
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Figure B.3. Example AssetManager screen.
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using a pavement quality index), minimizing delay, minimizing
the number of structurally deficient bridges, and mitigating seis-
mic risk. As is the case for AssetManager, METIS uses analysis re-
sults generated from other systems to support its projections.
The end user reviews each solution, selecting one solution to
rule out at each analysis step, and the system uses this informa-
tion to narrow in on an optimal allocation of resources between
assets for best meeting the competing objectives.

B.4 Conclusions

The research team developed the following conclusions on
the basis of the pilot analysis:

1. IHS owners typically have data readily available concern-
ing highway inventory and traffic, pavement conditions,
bridge conditions, crashes, rest areas and planned projects.
IHS owners have limited data available on other structures
besides bridges, as well as on roadside assets. Further, IHS
owners typically lack at least some of the data required to
support the risk analysis approach recommended as part of
the Interstate Asset Management Framework.

2. It is feasible to predict basic measures of pavement condi-
tion, bridge condition, mobility, and safety for IHS assets
using readily available data and tools. Key analytical tools
for such an exercise include an agency’s PMS and BMS

(typically the AASHTO Pontis BMS), FHWA’s HERS-ST,
and AASHTO’s AssetManager. Where an agency does not
have a management system implemented to predict future
IHS conditions, one can use HERS-ST as an alternative for
predicting pavement conditions, and FHWA’s NBIAS for
predicting bridge needs.

3. It is feasible to predict measures related to other structure-
related risk using available tools, and supplemental analy-
ses, provided an agency has compiled data on these risks.
One of the three pilot participants had the data available
to support such an exercise. Chapter 4 describes available
tools for assessing structure-related risks.

4. The three pilot participants had sufficiently detailed data
and tools to support analysis of pavement and bridge con-
ditions. They had data on some other assets besides pave-
ments and bridges, but generally lacked analytical tools or
models for predicting conditions of these assets over time.
Chapter 4 describes data and tools needed for modeling
needs of these assets.

5. It is feasible to use a utility maximization approach to ap-
proximate the optimal allocation of resources between
different IHS assets to achieve a set of objectives. However,
supplemental analysis outside of existing tools available
from AASHTO and FHWA is needed to implement such
an approach.

Figure B.4. Example METIS screen.
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Abbreviations and acronyms used without definitions in TRB publications:

AAAE American Association of Airport Executives
AASHO American Association of State Highway Officials
AASHTO American Association of State Highway and Transportation Officials
ACI–NA Airports Council International–North America
ACRP Airport Cooperative Research Program
ADA Americans with Disabilities Act
APTA American Public Transportation Association
ASCE American Society of Civil Engineers
ASME American Society of Mechanical Engineers
ASTM American Society for Testing and Materials
ATA Air Transport Association
ATA American Trucking Associations
CTAA Community Transportation Association of America
CTBSSP Commercial Truck and Bus Safety Synthesis Program
DHS Department of Homeland Security
DOE Department of Energy
EPA Environmental Protection Agency
FAA Federal Aviation Administration
FHWA Federal Highway Administration
FMCSA Federal Motor Carrier Safety Administration
FRA Federal Railroad Administration
FTA Federal Transit Administration
IEEE Institute of Electrical and Electronics Engineers
ISTEA Intermodal Surface Transportation Efficiency Act of 1991
ITE Institute of Transportation Engineers
NASA National Aeronautics and Space Administration
NASAO National Association of State Aviation Officials
NCFRP National Cooperative Freight Research Program
NCHRP National Cooperative Highway Research Program
NHTSA National Highway Traffic Safety Administration
NTSB National Transportation Safety Board
SAE Society of Automotive Engineers
SAFETEA-LU Safe, Accountable, Flexible, Efficient Transportation Equity Act: 
 A Legacy for Users (2005)
TCRP Transit Cooperative Research Program
TEA-21 Transportation Equity Act for the 21st Century (1998)
TRB Transportation Research Board
TSA Transportation Security Administration
U.S.DOT United States Department of Transportation
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