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Preface

In July 2005, the United States Congress passed the Safe, Accountable, 
Flexible, Efficient Transportation Equity Act: A Legacy for Users 

(SAFETEA-LU). This bill, which reauthorized the federal-aid highway 
program, established the second Strategic Highway Research Program 
(SHRP 2), which is currently being managed by the National Research 
Council’s Transportation Research Board (TRB). SAFETEA-LU also called 
for TRB to “complete a report on the strategies and administrative struc-
ture to be used for implementation of the results” of SHRP 2. The congres-
sionally mandated report, due to Congress no later than February 1, 2009, 
was to include the following:

(A) an identifi cation of the most promising results of research under the 
program (including the persons most likely to use the results); (B) a discus-
sion of potential incentives for, impediments to, and methods of, imple-
menting those results; (C) an estimate of costs of implementation of those 
results; and (D) recommendations on methods by which implementation 
of those results should be conducted, coordinated, and supported in future 
years, including a discussion of the administrative structure and organiza-
tion best suited to carry out those recommendations. . . . in developing the 
report, the Transportation Research Board shall consult with a wide vari-
ety of stakeholders, including (A) the Federal Highway Administration; 
(B) the National Highway Traffi c Safety Administration; and (C) the Ameri-
can Association of State Highway and Transportation Offi cials.1

To carry out this congressional request, TRB established a committee of 
leaders from the highway community, chaired by Kirk T. Steudle, Director 
of the Michigan Department of Transportation. The primary task of the 

1 SAFETEA-LU, Public Law 109-59, Section 5210, “Future Strategic Highway Research Program.” 
The bill was signed into law on August 10, 2005.
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Committee for the Strategic Highway Research Program 2: Implementa-
tion was to recommend approaches to implementing the results of SHRP 2 
research;2 therefore, the committee members were chosen for their dem-
onstrated knowledge of the program, their expertise in research manage-
ment and implementation, and their ability to represent major potential 
user groups. Brief biographies of the committee members are given at the 
end of this report. The committee also benefi ted from the contributions 
of liaisons from the American Association of State Highway and Transpor-
tation Offi cials, the Federal Highway Administration, and the National 
Highway Traffi c Safety Administration, who coordinated the committee’s 
work with their organizations and facilitated outreach to their colleagues 
throughout the study.

The due date for this report was set as February 1, 2009, at a time when 
it was believed that SHRP 2 would be authorized in October 2003. In the 
end, the legislation did not pass until August 2005, and the funding for the 
program did not become available until March 2006; thus the program 
began more than 2 years later than originally planned. Requests for propos-
als for the fi rst set of research projects were advertised in July 2006, and 
researchers were chosen by the end of the year. The fi rst contracts were 
signed in February 2007, and this committee began its work in December 
of that year. Although a number of interim reports and provisional results 
have been produced to date, no fi nal product is actually ready for use. None-
theless, the due date for this implementation report remained the same so 
that Congress would have the report in hand when it developed the next 
surface transportation authorization (due in October 2009). If the report 
had been submitted later, Congress would not have had the opportunity to 
act on its recommendations.

The committee conducted three meetings, in December 2007 and in 
June and October 2008, and a conference call in March 2008. The study 
was carried out in close cooperation with the SHRP 2 Oversight Commit-
tee and the four Technical Coordinating Committees (TCCs) that oversee 
the research being conducted in the four SHRP 2 focus areas. Two mem-
bers of the Oversight Committee and one member from each of the TCCs 

2 The scope of the committee’s task did not include commenting on the content of the research 
program.
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served on the report committee. Rosters of the Oversight Committee and 
the TCCs are provided in Appendix A.

The study was conducted under the overall supervision of Ann M. 
Brach, Deputy Director of SHRP 2. Portions of the report were written 
by Dr. Brach, Neil Hawks, Walter Diewald, Stephen Andrle, and James 
Bryant under the direction of the committee. Patricia Williams provided 
administrative support.

This report has been reviewed in draft form by individuals chosen for 
their diverse perspectives and technical expertise, in accordance with 
procedures approved by the National Research Council’s (NRC’s) Report 
Review Committee. The purpose of this independent review is to provide 
candid and critical comments that will assist the institution in making its 
published report as sound as possible and to ensure that the report meets 
institutional standards for objectivity, evidence, and responsiveness to the 
study charge. The review comments and draft manuscript remain confi -
dential to protect the integrity of the deliberative process.

Appreciation is expressed to the following individuals for their review 
of this report: E. Dean Carlson, Carlson Associates, Topeka, Kansas; A. Ray 
Chamberlain, Fort Collins, Colorado; Irwin Feller, American Association 
for the Advancement of Science, Washington, D.C.; Ann Flemer, Metro-
politan Transportation Commission, Oakland, California; Gary Hoff-
man, Harrisburg, Pennsylvania; John M. Mason, Jr., Auburn University, 
Auburn, Alabama; and Thomas B. Sheridan, Massachusetts Institute of 
Technology (emeritus), Newton. Although these reviewers provided many 
constructive comments and suggestions, they were not asked to endorse 
the report’s fi ndings and conclusions, nor did they see the fi nal draft before 
its release.

The review of this report was overseen by William Agnew, General 
Motors Corporation (retired), and H. Gerard Schwartz, St. Louis, Mis-
souri. Appointed by NRC, they were responsible for making certain that 
an independent examination of this report was carried out in accordance 
with institutional procedures and that all review comments were carefully 
considered. Responsibility for the fi nal content of this report rests entirely 
with the authoring committee and the institution.

Suzanne Schneider, Associate Executive Director of TRB, managed the 
report review process. Rona Briere edited the report, and Alisa Decatur 
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provided word processing support for preparing the fi nal manuscript. In 
the TRB Publications Offi ce, Jennifer J. Weeks formatted the prepublica-
tion edition for posting to the TRB website; Norman Solomon provided 
fi nal editorial guidance; and Juanita Green managed the book design and 
production, under the supervision of Javy Awan, Director of Publications.
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The highway system has a pervasive presence in U.S. society. Whether 
driving, biking, or traveling by bus, many Americans use the nation’s 

roads every day in their personal, professional, family, and social activities. 
The 4-million-mile highway system is the backbone of the U.S. economy, 
carrying 65 percent of the nation’s $15 trillion in freight traffi c and 88 per-
cent of all noncommercial person miles traveled. The highway network also 
provides passenger and freight links to all other modes of transportation.

U.S. highway facilities have been in constant use for decades, often exceed-
ing their original design life and traffi c volumes. As a result, the system is 
deteriorating and heavily congested. Moreover, deaths and injuries from 
highway crashes constitute a major public health concern. A few statistics 
suggest the scale of the issues and the importance of addressing them:

• Some 43,000 deaths and millions of injuries occur on the nation’s roads 
every year; beyond the personal toll, the estimated annual cost of these deaths 
and injuries is $230 billion. After years of decline, the number of fatalities 
and the fatality rate per million vehicle miles traveled (VMT) appear to be 
leveling off. Safety professionals are increasingly convinced that substantial 
advances in the future must be based on a fuller understanding of the most 
critical and least examined component of the driving system—the driver.

• In 1999, resurfacing was performed on 12.85 percent (20,586 miles) 
of the National Highway System. Reconstruction was performed on 
3,200 miles of roads. The average age of bridges in the national inven-
tory is 40 years; 27.5 percent of this inventory is structurally defi cient 
or functionally obsolete. Work zones appear to be ubiquitous, causing 
disruption, delays, and unsafe conditions.

Summary
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• In 2005, congestion cost travelers more than 4.2 billion hours and nearly 
$80 billion and resulted in the waste of approximately 3 billion gallons of 
fuel. One of the most signifi cant impacts of congestion on the individual 
driver is the increasing diffi culty of predicting how long a given trip will take. 
This lack of travel time reliability has both personal and economic costs.

• By 2030, the U.S. population is expected to grow by 24 percent, VMT 
by 60 percent, and truck VMT by 75 percent; truckloads are predicted to 
increase by 80 percent, to nearly 23 billion tons, by 2035. In addition to 
better system operation and more rapid renewal of in-place infrastructure, 
this growth will necessitate additional highway capacity in selected loca-
tions. Any capacity enhancements will have to be performance driven and 
outcome based while integrating environmental, economic, and commu-
nity requirements.

the second strategic highway research program

Research and innovation have an important role to play in addressing the 
issues and concerns associated with the planning, design, building, main-
tenance, operation, and use of the highway system. In addition to ongoing 
research programs at the federal and state levels, in private industry, and at 
universities, strategic research programs have focused on particular critical 
needs. These include the American Association of State Highway Offi cials 
Road Test, conducted in the late 1950s, and the fi rst Strategic Highway 
Research Program (SHRP 1), conducted in the late 1980s and early 1990s.

The success of SHRP 1 prompted Congress to authorize a second Strategic 
Highway Research Program (SHRP 2) in the Safe, Accountable, Flexible, Effi -
cient Transportation Equity Act: A Legacy for Users of 2005. Approximately 
$170 million is expected to be appropriated over a 4-year period (2005–2009) 
to support a program lasting 7 years (mid-2006 to mid-2013). The content of 
the program was specifi ed to include four research focus areas:

• Safety: Make a signifi cant improvement in highway safety. The overall goal 
of this research is to prevent or reduce the severity of highway crashes through 
more accurate knowledge of driver behavior and other crash factors.

• Renewal: Accelerate the renewal of America’s highways. The overall 
goal of this research is to develop a consistent, systematic approach to per-
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forming highway renewal that is rapid, causes minimal disruption, and 
 produces long-lived facilities.

• Reliability: Provide a highway system with reliable travel times. The 
overall goal of this research is to provide highway users with reliable travel 
times by preventing and reducing the impact of nonrecurring incidents.

• Capacity: Provide highway capacity in support of the nation’s economic, 
environmental, and social goals. The overall goal of this research is to 
develop approaches and tools for systematically integrating environmental, 
economic, and community requirements into the analysis, planning, and 
design of new highway capacity.

These focus areas were developed through almost 3 years of study and 
consultation with a broad array of stakeholders to ensure that the most crit-
ical needs would be addressed. The overarching approach of the program is 
to focus on goals that are meaningful to highway users, such as increasing 
safety, reducing congestion, minimizing disruption to users when roads 
are being rehabilitated, and providing new capacity that enhances neigh-
borhoods and avoids environmental harm. The products of this research, 
if widely implemented, have many potential benefi ciaries, including those 
listed in Box S-1.

In recognition of the importance of the implementation of the results of 
SHRP 2, the legislation authorizing the program included a requirement 
to submit to Congress a report on implementation of the research results, 
which became the Statement of Task for the present report. This report, 
due by February 1, 2009, was to include the following:

• An identifi cation of the most promising results of research con-
ducted under the program (including the most likely benefi ciaries of those 
results);

• A discussion of potential incentives for, impediments to, and methods 
of implementing the results;

• An estimate of the costs of implementation; and
• Recommendations for how implementation should be conducted, 

coordinated, and supported in future years, including a discussion of the 
administrative structure and organization best suited to carrying out those 
recommendations.
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The committee’s response to this congressional reporting requirement is 
summarized below.

findings

SHRP 2 Research, Promising Results, Potential Users, and Incentives for 
and Impediments to Implementation
SHRP 2 research was ongoing for less than a year when the committee 
began the task of preparing this report. No fi nal products of the research 
are as yet ready for use. The committee studied the plans for and tentative 
outcomes of the program’s early research efforts and consulted with the 
SHRP 2 governing and technical committees and staff, as well as a variety of 
stakeholders, to project the ultimate outcomes of the program, its potential 
users, and the incentives for and impediments to implementation that may 
be encountered.
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Box S-1

potential beneficiaries of shrp 2 research products

• Taxpayers
• Motorists
• Commercial drivers
• Bus riders
• Shipping and logistics professionals
• Environmental agencies
• Communities, businesses, and owners of event venues served by the highway 

system
• Railroads
• Utilities
• Automobile manufacturers and suppliers
• Metropolitan planning organizations
• Law enforcement
• Firefi ghters
• Emergency medical services
• Highway designers, contractors, and suppliers
• State and local transportation agencies



Safety

SHRP 2 is taking a systems approach to safety by examining how the driver 
interacts with the roadway, the vehicle, and environmental factors. Using 
technologies designed and tested in smaller-scale studies, SHRP 2 will con-
duct a naturalistic driving study in which the vehicles of 4,000 volunteer 
drivers will be instrumented with sensors, and data on vehicle and driver 
performance will be recorded for a year or more. These data will be cor-
related with roadway data so that all three elements can be studied. This 
research represents by far the largest study of its kind ever undertaken and 
promises to serve as a resource for improving highway safety for decades to 
come. The research conducted in SHRP 2’s Safety focus area is expected to 
produce the following products:

• Initial fi ndings that can be used in the development of new driver, 
vehicle, and roadway treatments to reduce deaths and injuries and in the 
modifi cation and improved targeting of existing treatments.

• A rich body of naturalistic driving data, linked with roadway data, of 
unprecedented size and diversity, as well as tools for the development and 
evaluation of potential crash countermeasures. Safety researchers and prac-
titioners should be able to use these products to improve highway safety for 
years, if not decades, into the future.

• Analysis tools [including validated crash surrogates (events or condi-
tions that precede, happen more frequently than, and are highly correlated 
with crashes)]; research protocols; and specifi cations for monitoring, 
recording, and encoding instrumentation that safety researchers can use 
and build on.

• A site-based video system for studying vehicle behavior on particular 
roadway segments, such as intersections.

Potential users of these products include safety researchers in the public, 
private, and academic sectors; highway safety practitioners; and vehicle 
manufacturers. The data and analysis tools provided by SHRP 2 should 
help these users design better highways, vehicles, and driver education and 
enforcement programs. The greatest potential impediment to implemen-
tation of these products is the size and complexity of the database. This 
impediment can be overcome by providing long-term access to the data, as 
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well as training, expert assistance, and more accessible versions of subsets 
of the data.

Renewal

The Renewal focus area addresses the need to complete renewal of existing 
highways quickly, with minimal disruption to the community, and to pro-
duce facilities that are long-lasting. These objectives are intended to pro-
vide “rapid renewal” consistently and systematically, as opposed to reliance 
only on isolated special projects. This new way of doing business is built on 
more collaborative relationships and decision making; better integration of 
management, planning, design, construction, and maintenance; and more 
synergistic use of technologies and methods so that optimal benefi ts can be 
realized from complementary sets of innovations. Products in the Renewal 
focus area fall into two general categories:

• Technology: Products in this category include bridge and pavement 
materials and systems, equipment, designs, and other tools for directly car-
rying out the renewal work.

• Project delivery: Products in this category support the renewal objec-
tives by addressing construction and asset management, quality control, risk 
management, and institutional arrangements between transportation agen-
cies and their many partners.

The primary potential users of Renewal products are highway agencies 
at the state, regional, and local levels. Other users include contractors, 
materials suppliers, design consultants, utility companies, and railroads. 
Incentives for product adoption include reduced disruption for roadway 
users as well as businesses and property owners adjacent to the roadway, 
less travel delay, streamlined project delivery, greater resource effi ciency for 
highway agencies, and reduced exposure of workers to work zone crashes. 
A signifi cant impediment to implementation in this area is the relatively 
high initial construction costs of many innovations that lower life-cycle and 
user costs. Given restricted budgets and pressure to undertake projects in 
multiple jurisdictions at once, many agencies may fi nd it diffi cult to carry 
out fewer projects with higher initial costs in a given year. They will need 
information and resources to articulate the benefi ts of rapid renewal in 



terms that are meaningful to the public and to political leaders, training 
and technical support to guide them through the implementation of inno-
vative approaches, and possibly fi nancial assistance to cover the additional 
costs associated with demonstrating a new technology.

Reliability

The Reliability focus area is aimed at improving travel time reliability by 
addressing the portion of the congestion problem that results from non-
recurring events, such as crashes, vehicle breakdowns, inclement weather, 
special events, and work zones. Products of the research fall into four 
categories:

• Data, metrics, analysis, and decision support: Research in this category 
will result in the development of quantitative relationships and analyti-
cal tools that can help agencies evaluate the reliability impacts of different 
strategies and incorporate reliability estimation into planning and operations 
models. Other products include an archive of travel time data, performance 
measures, and operational strategies and a guidebook for establishing 
reliability monitoring programs.

• Institutional change, human behavior, and resource needs: Products 
of research in this category include guidance for effectively disseminat-
ing travel time reliability information to road users, identifi cation of the 
most effective practices and organizational structures for managing high-
way systems, and a focused training program for safe and effi cient incident 
response procedures in traffi c environments.

• Incorporating reliability into planning, programming, and design: 
Research in this category will produce improved tools for identifying and 
evaluating the effectiveness of infrastructure and operational counter-
measures and quantifying the impacts of nonrecurring congestion on over-
all highway capacity. The research will also produce analyses of the impact 
of highway design features on reliability for incorporation into standard 
highway design manuals.

• Future needs and opportunities: This research will defi ne user 
requirements, performance standards, and present and future concepts 
of operations so as to provide guidance to agencies on the best alternative 
operations strategies for improving travel time reliability. The research will 
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also produce a portfolio of innovative ideas, supported by accompanying 
proofs of concept, aimed at improving reliability.

Implementation of these products will benefi t the traveling public; 
transportation agencies; shipping and logistics concerns; bus operators; 
providers of police, fi re, emergency medical, and towing services; special 
event managers; and researchers and analysts. The main incentives for 
product adoption are safer and more effi cient highway operations and more 
effi cient use of resources due to more solid foundations for decisions and 
better analysis, planning, and design tools. Incident responders will expe-
rience greater safety and better coordination because of clear, consistent 
guidelines. Impediments include resistance to institutional change, agency 
personnel constraints, and a lack of local data to support product use.

Capacity

SHRP 2 Capacity research addresses the challenge of planning and design-
ing new transportation capacity that integrates mobility, economic, envi-
ronmental, and community needs. Meeting this challenge calls for col-
laborative decision making in which the right people are involved at the 
right time with the right information. To be successful, this research must 
have a framework that is supported by an effective strategy for enhancing 
the environment, improving economic vitality, and achieving social goals. 
Products of the Capacity research fall into four categories:

• Elements of collaborative decision making: The central product of the 
Capacity focus area will be the Collaborative Decision-Making Framework 
(CDMF), an integrated web-based tool focusing on key decision points in 
the planning and programming process and supported by tools in the other 
three categories.

• An ecological approach to surface environmental protection: The prod-
ucts in this category will be an ecosystem-based credits system, a business 
model, and guidelines that will enable conservation banking or other strat-
egies to go beyond resource-by-resource mitigation.

• Improved tools for analysis of travel behavior: SHRP 2 will provide 
support for ongoing efforts to develop and use activity-based travel demand 
models. Research in this category will result in the development of math-
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ematical relationships among motorist behavior, pricing, and congestion, 
and it will demonstrate the effects of highway management strategies on 
sustainable highway throughput in peak conditions.

• Economic impacts of highway investment: This research will produce 
before-and-after case studies of economic development impacts, a practi-
tioner’s handbook to make development impacts more transparent to non-
economists, and improved economic analysis tools.

Potential users of these products are state and local transportation 
agencies and metropolitan planning organizations. The main incentive 
for implementing the CDMF and related products is to enable agencies 
to improve the quality of decisions and deliver projects more quickly. In 
addition, the CDMF can be expected to improve a transportation agency’s 
relationships with its partners and stakeholders by promoting more trans-
parent communication and decision making. The main potential impedi-
ments are the cost of changing agency procedures, insuffi cient data in some 
jurisdictions, and the large number of stakeholders that must buy into the 
framework.

Successful Implementation Strategies
There are many methods for implementing innovations; their success var-
ies across types of products and user groups. The committee identifi ed sev-
eral methods that appear to be most promising for the implementation of 
SHRP 2 products:

• Strategic packaging and branding;
• Technical assistance;
• Standards, specifi cations, guidebooks, and manuals;
• Follow-on research, testing, and evaluation;
• Lead users and demonstration projects;
• Training and education; and
• Long-term stewardship.

Knowledge management and information technology (IT) capabilities 
are required for all of these strategies. These capabilities include, for exam-
ple, the ability to establish Internet-based communication and collabora-
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tion tools, such as webinars and wikis; the development of communities 
of practice; and ways to capture learning and knowledge gleaned both in 
individual focus areas and about implementation itself.

Principal Implementation Agent
While many stakeholders will be involved in SHRP 2 implementation, the 
effectiveness of a coordinated implementation program will depend in 
large part on having a strong principal implementation agent, that is, an 
organization that will lead and support SHRP 2 implementation. The mis-
sion of this agent will be to promote and support the effective implementa-
tion of SHRP 2 products wherever they can help achieve the goals of the 
Safety, Renewal, Reliability, and Capacity focus areas.

The principal implementation agent will carry out a number of tasks. 
One of the fi rst will be to assess the readiness for implementation of each 
SHRP 2 product and develop implementation plans accordingly. Plans 
should identify users and others affected by the product and specify the 
most effective implementation methods for each product. The agent will 
be responsible for administering competitive processes to provide for the 
additional research, testing, evaluation, demonstration projects, training, 
technical support, and other activities necessary to support implementation. 
Other responsibilities will include arranging for stakeholder involvement, 
coordinating with related programs, promoting collaboration, tracking the 
progress of implementation, measuring results, providing knowledge 
management and IT expertise and tools, and publishing reports and 
other materials to aid implementation efforts.

Implementation will require strong leadership. A single point person 
at a high enough level in the organization will be needed to ensure that 
SHRP 2 implementation receives the necessary visibility and priority. Staff 
who support the implementation program will require adequate funding, 
salient technical knowledge, good judgment about people and opportuni-
ties, communication and diplomatic skills, foresight, fl exibility, dedication, 
and a willingness to become directly involved in real-world applications. 
Implementation is a time-intensive task that requires a concentrated focus. 
Managers must understand this and provide a work environment that 
allows implementation staff to maintain that focus.
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recommendations

Widespread implementation of SHRP 2 products promises to deliver on the 
program’s overarching goal of providing outstanding customer service for 
the 21st century. In view of the fi ndings documented in this report, the com-
mittee makes the recommendations presented below. These recommenda-
tions are rooted in the principles and strategies outlined in Chapter 6 and 
should be understood in that context.

Recommendation 1: A SHRP 2 implementation program should be estab-
lished.

Recommendation 2: The Federal Highway Administration should serve as the 
principal implementation agent for SHRP 2, in partnership with the American 
Association of State Highway and Transportation Offi  cials, the National High-
way Traffi  c Safety Administration (NHTSA), and the Transportation Research 
Board. NHTSA should exercise a leadership role in the long-term stewardship 
of the safety database.

Recommendation 3: Stable and predictable funding should be provided over 
several years to support SHRP 2 implementation activities. Total funding for the 
fi rst 6 years of the implementation program is estimated at $400 million. The 
need for additional funding thereafter should be assessed at the appropriate 
time. Implementation planning and budgeting should take into account that 
several SHRP 2 products, especially the safety database, will require long-term 
support that will extend beyond the initial 6-year period.

Recommendation 4: A formal stakeholder advisory structure should be estab-
lished to provide strategic guidance on program goals, priorities, and budget 
allocations, as well as technical advice. At a minimum, this advisory structure 
should include an executive-level oversight committee for the entire SHRP 2 
implementation program and a second oversight committee focused exclusively 
on administration of the safety database.

Recommendation 5: Detailed implementation plans should be developed as 
soon as feasible to guide the implementation eff orts.





SHRP 2 overarching theme: Providing outstanding customer service for 
the 21st century.

SHRP 2 vision: A highway system that actively contributes to improved 
quality of life for all Americans by providing safe, effi cient mobility in an eco-
nomically, socially, and environmentally responsible manner. (TRB 2001)

The highway system has a pervasive presence in U.S. society. Whether 
driving, biking, or traveling by bus, many Americans use the nation’s 

roads every day in their personal, professional, family, and social activities. 
Many of the goods Americans purchase, from clothing and food to furniture 
and the latest electronic gadgets, have traveled some distance in a truck 
on the highway system. The system’s presence and functioning are gener-
ally taken for granted, but doing so is becoming increasingly diffi cult as 
highway facilities age and the impacts of exceeded designs and suboptimal 
operation take their toll.

issues facing the national highway system

The 4-million-mile highway system is the backbone of the U.S. economy, 
carrying 65 percent of the nation’s $15 trillion in freight traffi c (2006 data 
from FHWA 2008a), while 88 percent of all person miles traveled in the 
United States occurred in private vehicles in 2001 (Hu and Reuscher 2004). 
In addition, the highway network provides passenger and freight links to all 
other modes of transportation. These facilities have been in constant use 
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for decades, often exceeding their original design life and traffi c volumes. 
As a result, the system is deteriorating and heavily congested.

The scale of highway renewal needs is suggested by the available national 
data. Using 1999 obligations, the Transportation Research Board (TRB) 
(2001) found that resurfacing was being performed on 12.85 percent 
(20,586 miles) of the National Highway System (NHS) annually, yielding 
a 7- to 8-year resurfacing cycle for the 160,000-mile system. Reconstruction 
had been performed on 3,200 miles of roads, implying a 50-year replace-
ment cycle and therefore a need for a 50-year roadway, in contrast to the 
typical design life of 20 years. Furthermore, the average age of bridges in 
the national inventory is 40 years; 27.5 percent of this inventory is structur-
ally defi cient or functionally obsolete (FHWA 2004).1

The available data on the impacts of congestion are staggering. In 2005, 
congestion cost travelers in 437 urban areas 4.2 billion hours and $78 bil-
lion and resulted in the waste of 2.9 billion gallons of fuel (TTI 2007, Exhibit 
B-11, p. B-19). Congestion is being experienced during more hours of the 
day and is becoming more volatile, increasing travel time unreliability. The 
additional fuel consumed and idling vehicles contribute to environmental 
damage. Congestion may make an individual late for work, miss an appoint-
ment, or wait a long time for a bus; indeed, it may determine a person’s 
entire weekday schedule. To the private sector, congestion means higher 
transportation and logistics costs, fewer deliveries or service calls per day, 
and wear and tear on employees and vehicle fl eets. For truckers who pro-
vide just-in-time freight deliveries to manufacturers and other businesses 
under service-level agreements, the penalties for failing to deliver on time 
can amount to tens of thousands of dollars.

The magnitude of the infrastructure renewal and congestion problem 
increases signifi cantly when one considers growth predictions for the next 

1  These terms are defi ned as follows by the Federal Highway Administration (FHWA 2004): “Bridges 
are considered structurally defi cient if signifi cant load carrying elements are found to be in poor 
or worse condition due to deterioration and/or damage, or the adequacy of the waterway opening 
provided by the bridge is determined to be extremely insuffi cient to the point of causing intoler-
able traffi c interruptions” (Chapter 15, at www.fhwa.dot.gov/policy/2004cpr/chap15c.htm#body). 
“Functional adequacy is assessed by comparing the existing geometric confi gurations to current 
standards and demands. Disparities between the actual and desired confi gurations are used to 
 determine whether a bridge should be classifi ed as functionally obsolete” (Chapter 3, at www.fhwa.
dot.gov/policy/2004cpr/chap3c.htm#body).
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two decades: the U.S. population is predicted to grow by 24 percent by 2030 
(Energy Information Administration 2007, Table A2); vehicle miles trav-
eled (VMT) is projected to increase by 60 percent by 2030; truck VMT is 
projected to increase by 75 percent in the same period (Energy Information 
Administration 2007, Table 7);2 and truckloads are predicted to increase by 
80 percent, to nearly 23 billion tons, by 2035 (FHWA 2007, Table 2-1). This 
expected growth calls for better system operation and more rapid renewal of 
in-place infrastructure to optimize the use of existing capacity and improve 
travel time reliability. There will be a need for additional highway capacity 
in selected locations to move motorists and freight, as well as additional 
capacity in public transit, freight rail, and waterborne transportation. One 
estimate indicates that an additional 173,000 lane miles of Interstate high-
way will be needed by 2035 just to maintain the current level of highway 
performance (PB Consult et al. 2007). This estimate, which assumes high 
levels of investment in transit and passenger rail during the period, implies 
adding more than 5,700 lane miles of Interstate highway annually for the 
next 30 years—nearly comparable with the rate of expansion during the 
Interstate construction years. About half of the forecast need consists of 
expansion of existing Interstates, and half consists of upgrades of NHS seg-
ments to Interstate standards. Any capacity enhancements will have to be 
performance driven and outcome based while integrating environmental, 
economic, and community requirements.

Growth in highway usage has safety implications as well. Some 43,000 
deaths and millions of injuries occur on the nation’s roads every year, and 
motor vehicle crashes remain the leading cause of death for those between 
the ages of 5 and 34 (CDC 2007). Beyond the personal toll, highway 
crashes are estimated to cost the nation $230 billion annually (Blincoe et 
al. 2002).3 Despite signifi cant improvements in recent decades,4  several 

2 More recent data show VMT falling; for example, VMT in March 2008 was 4.3 percent lower than 
that in March 2007 (cf. FHWA 2008b). The long-term impact on VMT and VMT projections is not 
yet clear.
3 A study sponsored by the American Automobile Association found that fatal and injury crashes cost 
$162.2 billion in 85 urban areas in 2005, nearly 2.5 times more than the estimated cost of congestion 
in those areas (Cambridge Systematics and Meyer 2008).
4 Between 1970 and 2003, the U.S. highway fatality rate—in terms of fatalities per 100 million 
VMT—declined by 80 percent (Seiffert 2005). If crash rates were the same now as they were in 
1966, the annual number of highway fatalities would be 150,000. Improvements are attributable 
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factors  combine to make highway safety a continuing public health chal-
lenge. First, the number of fatalities and the fatality rate per million VMT 
appear to be leveling off after years of decline. Second, an increase in VMT 
means more exposure to highway crashes. Third, an aging population 
means more drivers will exhibit age-related cognitive and physical limita-
tions and increased vulnerability to injury. As drivers age, their collision 
involvement rate and the likelihood of their experiencing a fatal or serious 
injury in a collision increase. If all else remains constant, the age shift in 
the U.S. population between now and 2030 can be expected to result in 
an increase in the number of fatal and serious injury collisions. Finally, 
in-vehicle technologies and drivers’ use of non-vehicle-related communica-
tion devices could lead to greater driver workload and provide more sources 
of distraction. In many respects, the improvements in highway safety seen 
during the past several decades have been achieved through rather easily 
implemented strategies, and continuing declines in both fatality rates and 
numbers of deaths are becoming increasingly diffi cult to attain. Innovative 
approaches to safety countermeasures are necessary for continued progress 
in road safety  performance.

Highway and safety professionals implement safety countermeasures 
across the spectrum of engineering, education, enforcement, and emer-
gency medical services—the “4 E’s” of safety. While such efforts are 
producing continuing improvements in vehicle and roadway design, 
enforcement, and education, safety professionals are increasingly con-
vinced that substantial future advances in highway safety must be based on 
a better understanding of the most critical and least understood component 
of the driving system—the driver. An improved understanding is essential 
not just for behavior-oriented countermeasures, such as safety belt use and 
impaired driving enforcement, but also for the development of roadway 
and vehicle countermeasures that can affect driver performance so that 
crashes are avoided or reduced in severity.

to several sources, including vehicle design (air bags, antilock brakes), highway designs and traffi c 
engineering (breakaway signposts, improved intersection designs, better guardrails, better refl ectiv-
ity of signs and pavement markings), and legislative and enforcement strategies coupled with public 
education (graduated licensing for young drivers, radar speed enforcement).
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role of research and innovation

Research and innovation have an important role to play in addressing the 
issues and concerns associated with the building, maintenance, operation, 
and use of the highway system. In addition to ongoing research programs of 
the U.S. Department of Transportation, state departments of transportation 
(DOTs), the National Cooperative Highway Research Program (NCHRP), 
universities, and private fi rms, strategic research programs have focused 
on particular critical needs. The American Association of State Highway 
Offi cials5 Road Test, conducted in the late 1950s, addressed the need for 
nationwide design standards for the nascent Interstate highway system. 
In the 1980s, the fi rst Strategic Highway Research Program (SHRP 16) was 
proposed and conducted to address needs of that time in the areas of asphalt 
pavements, structural concrete, and winter maintenance. SHRP 1 was a 
short-term, highly focused research program. Recommended in a study by 
TRB (1984), SHRP 1 was authorized in 1987 in the Surface Transportation 
and Uniform Relocation Act. The program received approximately $150 mil-
lion over 5 years and was administered by a specially created unit of the 
National Research Council (NRC). The original research plan included six 
focus areas (later consolidated to four):

• Asphalt,
• Long-term pavement performance,
• Maintenance cost-effectiveness,
• Protection of concrete bridge components,
• Cement and concrete in highway pavements and structures, and
• Chemical control of snow and ice on highways.

In 1991, Congress authorized additional funds to support SHRP 1 imple-
mentation. The methods and results of SHRP 1 implementation, as well as 
principles derived from that experience, are discussed in Chapter 2.

5 In 1973, the organization’s name was changed to the American Association of State Highway and 
Transportation Offi cials as state DOTs increasingly assumed broader transportation responsibilities.
6 The fi rst Strategic Highway Research Program was known as SHRP; it is referred to as SHRP 1 
or the fi rst SHRP in this report to distinguish it from the second Strategic Highway Research Pro-
gram (SHRP 2).
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the second strategic highway research program

The success of the fi rst SHRP prompted Congress in 1998 to request a study 
of whether a new program of a similar short-term, strategic nature was war-
ranted.7 TRB carried out this study, which was published in 2001 as Special 
Report 260: Strategic Highway Research: Saving Lives, Reducing Congestion, 
Improving Quality of Life (TRB 2001). The report recommended a $450 mil-
lion program addressing four strategic focus areas:

• Safety: Make a signifi cant improvement in highway safety. The overall goal 
of this research is to prevent or reduce the severity of highway crashes through 
more accurate knowledge of driver behavior and other crash factors.

• Renewal: Accelerate the renewal of America’s highways. The overall 
goal of this research is to develop a consistent, systematic approach to per-
forming highway renewal that is rapid, causes minimum disruption, and 
produces long-lived facilities.

• Reliability: Provide a highway system with reliable travel times. The 
overall goal of this research is to provide highway users with reliable travel 
times by preventing and reducing the impact of nonrecurring incidents.

• Capacity: Provide highway capacity in support of the nation’s economic, 
environmental, and social goals. The overall goal of this research is to 
develop approaches and tools for systematically integrating environmental, 
economic, and community requirements into the analysis, planning, and 
design of new highway capacity.

The four focus areas are interrelated, yet each emphasizes a particular 
set of research objectives, which together advance the overarching theme 
of SHRP 2: providing outstanding customer service for the 21st century. For 
example, Reliability and Capacity both address highway capacity, but from 
two different perspectives: Reliability focuses on increasing the effective 
capacity available on existing roadways by managing incidents to improve 
travel time reliability; Capacity focuses on providing new capacity, where 
appropriate, in a manner that addresses environmental and community 
issues. Renewal is also connected to Reliability: while Reliability looks at 

7 Transportation Equity Act for the 21st Century, Public Law 105-178, Section 5112, “Study of a 
Future Strategic Highway Research Program.”
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management, planning, and analytical approaches that can be used by a 
transportation agency to reduce the impacts on travel time reliability due 
to a wide variety of potentially disruptive events, Renewal focuses on one 
kind of event—work zones—and specifi cally addresses how the construc-
tion aspect of the work can be planned and executed to reduce disruption. 
Improvements in highway safety resulting from SHRP 2 Safety research 
will also reduce disruption from highway crashes.

These focus areas were developed through almost 3 years of study and 
consultation with a broad array of stakeholders to ensure that the most criti-
cal needs would be addressed. As refl ected in the overarching theme of 
providing outstanding customer service for the 21st century, the committee 
that authored Special Report 260 focused on goals that were meaningful to 
highway users, such as increasing safety, reducing congestion, minimizing 
disruption to users when roads are being rehabilitated, and providing new 
capacity that enhances neighborhoods and avoids environmental harm. This 
approach contrasts somewhat with that of the fi rst SHRP, which emphasized 
the reduced costs and increased effi ciency that highway agencies would 
realize from implementing the program’s results. Another salient charac-
teristic of SHRP 2 is that it is focused more on changing the way highway 
agencies do business than on producing a number of technology products. 
Changing institutions and processes is risky, especially in the public sec-
tor. SHRP 2 will produce methods and guidance, as well as technologies, 
designed to help agencies make the changes necessary to better serve their 
customers while managing the risk involved with institutional change. The 
products of SHRP 2 research, if widely implemented, have many potential 
benefi ciaries, including those listed in Box 1-1.

Interim Planning
The American Association of State Highway and Transportation Offi cials 
(AASHTO) endorsed the recommendations of Special Report 260 and pro-
posed to Congress that the program be funded at the recommended level 
with funds authorized for the federal-aid highway program. In the mean-
time, the state DOTs, through NCHRP, and the Federal Highway Adminis-
tration (FHWA) funded the development of detailed research plans for each 
of the four focus areas. These plans were made available on TRB’s website, 
and a summary was published as NCHRP Report 510: Interim Planning for a 



20     implementing the results of the second strategic highway research program

Future Strategic Highway Research Program: Summary Report (TRB 2003).8 
The report envisioned a program funded at $75 million annually over a 
6-year period, starting in federal fi scal year (FY) 2004 (October 2003). It 
also cited a recommendation from AASHTO that the program be adminis-
tered by TRB under a three-tiered stakeholder governance structure.

Authorization
On August 10, 2005, the Safe, Accountable, Flexible, Effi cient Transporta-
tion Equity Act: A Legacy for Users (SAFETEA-LU) was signed into law. 
Section 5210 of the act authorized a “future strategic highway research 
program” at a nominal level of $51.25 million annually over 4 years (FY 
2006–2009), for a total of $205 million. The four research focus areas rec-
ommended in Special Report 260 and developed in NCHRP Report 510 were 

8 The original research plans are still available at www.trb.org/shrp2/SHRPII_Background.asp.

Box 1-1

potential beneficiaries of shrp 2 research products

• Taxpayers
• Motorists
• Commercial drivers
• Bus riders
• Shipping and logistics professionals
• Environmental agencies
• Communities, businesses, and owners of event venues served by the highway 

system
• Railroads
• Utilities
• Automobile manufacturers and suppliers
• Metropolitan planning organizations
• Law enforcement
• Firefi ghters
• Emergency medical services
• Highway designers, contractors, and suppliers
• State and local transportation agencies
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specifi ed as the content of the research program.9 The actual appropria-
tions for SHRP 2 are anticipated to total approximately $170 million over 
4 years,10 or less than 40 percent of the amount estimated as necessary to 
carry out the plans proposed in NCHRP Report 510.

Establishment
In January 2006, a memorandum of understanding (MOU) was signed by 
FHWA, AASHTO, and NRC. The MOU established a partnership among 
the three organizations to carry out SHRP 2 and described the basic gover-
nance structure. In March 2006, SHRP 2 was offi cially inaugurated when 
funding was made available through a cooperative agreement between 
FHWA and NRC.

The governance structure laid out in the MOU is essentially the three-
tiered approach outlined in NCHRP Report 510:

• An Oversight Committee is responsible for the overall program. This 
responsibility includes approving annual work plans, budgets, and contrac-
tor awards.

• A Technical Coordinating Committee (TCC) guides the research under 
each focus area by developing the annual work plans and monitoring the 
progress of all contracts in the TCC’s focus area.

• Expert Task Groups (ETGs) assist in two ways: some develop requests for 
proposals (RFPs), review proposals, and make recommendations for award 
to the Oversight Committee; others (“technical” ETGs) provide expert assis-
tance to the TCCs in carrying out their program and project monitoring 
responsibilities.

Each of these groups has members or liaisons, or both, from federal, 
state, and local government; universities; and the private sector. Most also 
have international representation to facilitate coordination with research 
conducted in other countries. The purpose of such an extensive stakeholder 
governance structure is to ensure that the research remains focused on crit-
ical needs; that the best expertise is brought to bear in guiding the program; 

9 The focus areas are described in detail in Chapters 2 through 5.
10 The total funding and time frame remained uncertain at the time of this writing.
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and that potential users are involved from the beginning, thereby increas-
ing the success of the eventual implementation of research results. As of 
this writing, nearly 400 individuals have been involved in approximately 
40 groups (mainly ETGs).

As a result of the 60 percent reduction in the program’s funding and the 
nearly one-third reduction in its duration,11 the fi rst task of the governance 
committees was to rescope the program signifi cantly to refl ect the new 
fi nancial and time constraints. The TCCs, in consultation with FHWA staff 
and with the contractors and volunteers involved in the development of the 
original research plan, rescoped the plans for the four focus areas using the 
following process and criteria:

1.  The fi rst step was to review current plans to identify
–  Relevant research completed or initiated since the original plan was 

developed,
–  Projects to be deferred until the implementation phase,
–  Projects out of scale with the budget or the time frame,
–  Overlapping projects (within SHRP 2), and
–  Projects duplicative of other initiatives (outside of SHRP 2).

2.  This step was followed by an initial revision of plans and budgets, 
which involved several efforts:
–  A fi rst draft revision by the contractors that had prepared the origi-

nal plans,
–  Detailed literature searches by staff to identify related or possibly 

duplicative research,
–  Consultation with FHWA to identify related or possibly duplicative 

research, and
–  Solicitation of feedback from selected experts and stakeholders.

3.  On the basis of the additional information thus gathered, the original 
contractors prepared new, detailed rescoping options, with justifi ca-
tion for the changes.

4.  These detailed drafts were distributed to the TCCs for review.
5.  At their initial meetings in early 2006, the TCCs adopted revised 

research plans.

11 The original program duration assumed 6 years of authorized funding to be spent over 9 years; the 
actual time frame is determined by 4 years of authorization spent over nearly 7 years.
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Subsequent modifi cations have been made, largely in response to out-
comes of early tasks in the fi rst set of research projects. While essentially 
“fi nal” research plans have been adopted by all the TCCs and approved by 
the SHRP 2 Oversight Committee, an ongoing task of the TCCs is to adjust 
their plans as necessary in response to research results, funding changes, 
and other developments to ensure that SHRP 2 research remains rele-
vant and focused on its strategic goals. Ongoing coordination with other 
research programs of FHWA, the National Highway Traffi c Safety Admin-
istration (NHTSA), NCHRP, state DOTs, universities, and other countries 
will help avoid unnecessary duplication and leverage the efforts of these 
other programs.

Administration
The administration of the program was designed to ensure that SHRP 2 
would remain focused on the customer-oriented vision and research goals 
set forth in Special Report 260. Stakeholder guidance is a principal feature of 
SHRP 2 administration: the ultimate users of the program’s research prod-
ucts are engaged in defi ning and prioritizing the research and overseeing 
its conduct toward useful results. Each fall the SHRP 2 TCCs prepare the 
next year’s work program, which is reviewed and approved by the Oversight 
Committee and provided to FHWA for concurrence. The annual work plans 
establish a schedule for two rounds of projects. Typically, RFPs are adver-
tised in March and July, with proposals due 6 weeks after advertisement 
and awards made by the Oversight Committee in June and November. 
Ongoing oversight of projects in each focus area is carried out by the respec-
tive TCC with assistance of the technical ETGs as needed. Semi annual prog-
ress reports are provided to the Oversight Committee, FHWA, and TRB’s 
Executive Committee. A public annual report is also produced.

Regular communication about the program is carried out through a num-
ber of mechanisms in addition to formal progress reports. Each state DOT 
and several countries have appointed SHRP 2 coordinators or liaisons who 
receive periodic updates, as do the AASHTO Board of Directors and several 
AASHTO committees. Quarterly reports are posted on the SHRP 2 website, 
where interested parties can also learn about new RFPs; check project sta-
tus; and be informed about SHRP 2 activities, such as workshops and sym-
posia, in which they can participate. Technical briefs describing each focus 
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area are updated every few months, printed for distribution at technical 
meetings, and posted on the website. SHRP 2 news is also included in TRB’s 
e-newsletter, which is sent weekly to 32,000 recipients. As research results 
are produced, appropriate dissemination mechanisms are considered, 
including printed or web publication, CD, DVD, or other media. A special 
series called First Fruits publishes early products and results from projects 
not yet completed so that outcomes can be made available to potential users 
as soon as possible.

Implementation
The original plan for SHRP 2 integrated some implementation-related 
activities into the originally proposed $450 million research program. 
These activities included identifi cation of potential users, dissemination of 
research fi ndings, testing and evaluation, demonstration projects, confer-
ences, workshops, information clearinghouses, and early training efforts. 
The reductions in the program’s funding and duration forced the elimina-
tion of some of these implementation activities, especially those that were 
more expensive and time-consuming and would naturally come toward the 
end of the research and development process, such as testing and demon-
stration projects.

The inclusion in SAFETEA-LU of a requirement to submit the present 
report on SHRP 2 implementation suggests that Congress is aware of the 
need to provide additional time and money to support the implementation 
of SHRP 2 results, if they so merit. This was the committee’s operating 
assumption and drove the committees’ approach to fulfi lling its charge.

study approach

The fi rst step in the approach to this study was to ascertain what promis-
ing results, if any, SHRP 2 could be expected to produce. Doing so posed a 
challenge for the committee because the fi rst SHRP 2 research contracts 
were signed less than a year before the committee began its work. Although 
a number of interim reports and provisional results have been produced to 
date, no fi nal product is ready for use. Nevertheless, the report’s due date 
necessitated an early start, so the committee used several mechanisms to 
identify prospective SHRP 2 products and ascertain their potential useful-
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ness. At the committee’s fi rst meeting, a representative of each TCC and 
corresponding SHRP 2 staff presented an overview of their respective focus 
area and its expected outcomes. The committee questioned them about 
potential users, possible incentives and impediments (including persons or 
institutions that might resist implementation), and effective implementa-
tion methods. The committee also invited representatives from key stake-
holder groups—state DOTs, county transportation agencies, metropolitan 
planning organizations, construction and materials suppliers, engineering 
design fi rms, universities, and technology transfer agents—to comment on 
the potential usefulness of anticipated SHRP 2 products and methods of 
implementation and technology transfer preferred by their constituencies. 
In addition, the committee requested that each TCC dedicate a portion 
of its spring 2008 meeting to discussing the issues to be addressed in this 
report—promising results; potential users; implementation incentives, 
impediments, costs, and mechanisms—and to provide the committee with 
results of their deliberations.

Addressing institutional issues is a major aspect of successful imple-
mentation and a specifi c component of the congressional request for 
this report. Therefore, the committee worked with FHWA, NHTSA, and 
AASHTO12 to study potential options for structuring SHRP 2 implementa-
tion. As described in Chapter 2, AASHTO and FHWA played major roles 
in the implementation of the fi rst SHRP, so the committee asked these two 
organizations to assess that experience, to consider the similarities and dif-
ferences between SHRP 1 and SHRP 2, and to propose how each organiza-
tion might contribute to SHRP 2 implementation. A signifi cant outcome 
of SHRP 2 will be safety-related data of unprecedented scale and scope. 
NHTSA’s experience in administering safety data that are used by research-
ers and practitioners nationwide makes that agency uniquely suited to assist 
the committee in this area. FHWA conducted an agencywide workshop, 
with participation from AASHTO and NHTSA, and developed principles 
and a proposed institutional structure to support SHRP 2 implementation. 
The results of this effort were presented and discussed at the committee’s 
June 2008 meeting.

12 Section 5210 of SAFETEA-LU specifi cally requires TRB to consult with these three organizations, 
each of which appointed a liaison to the committee.
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organization of the report

In Chapters 2 through 5, each research focus area within SHRP 2—Safety, 
Renewal, Reliability, and Capacity—is examined with respect to the fol-
lowing issues: promising research results; potential users, incentives, and 
impediments; implementation requirements; and appropriate implemen-
tation methods and activities. Chapter 6 outlines a set of implementation 
principles and key strategies for SHRP 2 based on experience with imple-
mentation of the fi rst SHRP. Chapter 7 applies the implementation prin-
ciples and key strategies set forth in Chapter 6 to formulate a programwide 
approach to SHRP 2 implementation. Finally, the committee’s recommen-
dations for implementation activities, institutional mechanisms, and fund-
ing are presented in Chapter 8.
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SHRP 2 Safety program goal: To prevent or reduce the severity of highway 
crashes through more accurate knowledge of driver behavior and other 
crash factors.

Driver behavior has been identifi ed as the major factor in approximately 
90 percent of roadway crashes (Sabey and Staughton 1975; Treat 

et al. 1979; Hendricks et al. 2001). Yet the driver remains the most diffi cult 
part of the system to study. Driving simulators and studies performed on 
test tracks or in special test vehicles have made important contributions to 
understanding the driver, but these methods do not always provide good 
representations of real-world driving conditions or behavior. Surveying 
drivers about their behavior and interviewing them after a crash fail to yield 
very accurate or reliable reports of real behavior, not only because people 
are biased in their assessments of their own driving prowess or fear liability 
in the case of a crash but also because so much driver behavior occurs with-
out full conscious awareness. In the case of crashes, events occur so quickly 
and many responses are so automatic that drivers often cannot remember 
how they acted—whether they braked or accelerated, for example.

Advances in sensors, cameras, computing, and communications tech-
nologies have now made it possible to gather real-world driving data that 
have never before been accessible to highway safety professionals. Sophis-
ticated instrumentation packages can be installed inconspicuously in vol-
unteers’ vehicles to collect data on speed, acceleration, and braking; use of 
signals, lights, wipers, and safety belts; lane position; and more. Extremely 
small cameras can capture looking and motor behavior without the driver’s 
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noticing the cameras or being reminded of their presence. This informa-
tion can be collected not just when a crash or unusual incident occurs, but 
throughout the course of ordinary driving.

For the fi rst time, then, objective, scientifi c information can be obtained 
about what happens when people crash, when they experience a near-
crash, or when they drive without incident. This information will make it 
possible to draw confi dent conclusions about the crash risks posed by vari-
ous factors and whether those factors are related to the vehicle, the driver, 
the roadway and traffi c environment, or some interaction of these. This 
kind of safety research is sometimes referred to as a “naturalistic driving 
study” because it captures driving in natural or real-world circumstances. 
The benefi ts of this new knowledge will be realized in more effective use 
of existing safety countermeasures and in the development of entirely new 
safety strategies.

An example of these benefi ts is the use of actual driving data as educa-
tional feedback for younger drivers (see Box 2-1). The results of naturalistic 
driving studies are also valuable to states as they develop Strategic Highway 
Safety Plans. These plans call for data-driven, highly effective strategies 
that maximize safety benefi ts, in terms of reductions in deaths and serious 
injuries, for each dollar invested. In these initiatives, states are considering 

Box 2-1

iowa teen driver study

Teen drivers exhibit high crash rates, especially early in their driving experience. 
The University of Iowa demonstrated the use of in-vehicle sensors and cameras 
as an educational tool to help parents coach their children in better driving skills. 
The instrumentation on the teenagers’ vehicles was confi gured to save data when 
certain thresholds of acceleration were triggered (in contrast to the SHRP 2 study, 
in which data will be collected and saved continuously). Each week the events cap-
tured by the instrumentation were shared with the drivers and their parents as an 
educational opportunity. The teens with the highest frequency of safety-relevant 
events improved their driving by 72 percent in the fi rst 9 weeks of the intervention 
(McGehee et al. 2007). Insurance companies have begun to offer vehicle instru-
mentation as a service to parents insuring their teenage drivers.



30     implementing the results of the second strategic highway research program

behavioral programs as well as roadway initiatives, bringing together “4E” 
(engineering, education, enforcement, and emergency medical services) 
organizations to determine what programs are needed across the board. To 
make these prioritization processes work well, states need not only more 
knowledge about the effectiveness of current behavioral programs but 
also knowledge concerning what new behavioral treatments are needed 
to further reduce the current crash toll. Similarly, vehicle manufacturers 
and their suppliers, the National Highway Traffi c Safety Administration 
(NHTSA), and others can use the knowledge provided by naturalistic studies 
to target their safety efforts.

shrp 2 safety research

SHRP 2 is taking a systems approach to safety by examining how the driver 
interacts with the roadway, the vehicle, and environmental factors. Using 
technologies designed and tested in smaller-scale studies, SHRP 2 will 
instrument the vehicles of 4,000 volunteer drivers and record their driving 
for a year or more. The drivers will be men and women in various age groups, 
driving different types of light vehicles, from different socioeconomic strata, 
and from different geographic areas across the United States. In addition to 
having instrumentation in their vehicles, the drivers will take a battery of 
tests and respond to questionnaires concerning a number of factors that may 
be related to driving performance so these factors can be studied in relation 
to actual driving behavior. The study will collect data not only on the driv-
ers’ behavior but also on their vehicles’ characteristics and performance. To 
capture the roadway element of the safety interaction, data on road type, 
geometry, shoulders, safety furniture, signage, pavement markings, and 
more will be collected for the roads used by the volunteer drivers during 
the study. Through the Global Positioning System (GPS), driver behavior at 
various locations will be correlated with roadway and roadside features at 
those locations. In addition, data on environmental variables such as traf-
fi c, lighting, and weather conditions will be collected to the extent feasible, 
whether from the in-vehicle data systems or by other means.

The research described above—known as the SHRP 2 naturalistic driv-
ing study—represents by far the largest study of its type ever undertaken 
and promises to be a resource for improving highway safety for decades to 
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come. The specifi c research projects included under the SHRP 2 Safety 
program are listed in Appendix B.

In the original plan for SHRP 2 safety research (TRB 2003), the natural-
istic, or in-vehicle, driving study was to form one track of research, while a 
second track would employ a “site-based” research strategy. The site-based 
approach involves instrumenting roadway segments or intersections with 
multiple overhead cameras and automating vehicle trajectory tracking to 
study the driving behavior of multiple vehicles at specifi c locations. These 
two tracks of research are complementary in nature. The naturalistic driving 
approach provides detailed information about a single driver and vehicle over 
an extended period of time but little information about surrounding vehicles 
and the behavior of their drivers. The site-based approach, on the other hand, 
provides little information about individual drivers (it would not reveal, for 
example, whether a driver was wearing a safety belt or using a cell phone) but 
useful information about the movements of all the vehicles passing through a 
targeted segment of the roadway. Thus the site-based technique makes it pos-
sible to study the interactions among drivers in a complex driving scenario. 
Specifi c sites, rather than the roads chosen by the drivers, can be studied, 
and site characteristics can be varied to examine changes in such features as 
signal timing, speed limits, signage, and pavement markings.

When it became clear that SHRP 2 funding would be signifi cantly less 
than originally proposed, the SHRP 2 Safety Technical Coordinating Com-
mittee chose to focus on the in-vehicle track of research more than on the 
site-based track for the following reasons:

• The technical feasibility of the in-vehicle instrumentation had already 
been demonstrated in smaller-scale studies, while the site-based technol-
ogy required some additional development before it could be used in large-
scale fi eld work.

• The opportunity to conduct the naturalistic driving study under SHRP 2 
is truly unique because the scope and scale of this study make it highly 
unlikely that it will be undertaken by anyone else, while the fi nal develop-
ment and use of the site-based technology could be accomplished more 
easily by others in smaller-scale studies if it proves technically feasible.

• The in-vehicle strategy promises to provide unprecedented insights into 
driving that could lead to signifi cant improvements in highway safety at the 
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national level in the long run and that cannot be provided through any other 
research approach available today.

At the same time, the site-based approach was considered promising 
enough to merit some investment by SHRP 2. The program has funded a 
project to further develop the site-based technology in hopes of creating 
a robust tool that can be easily deployed to study different types of high-
way locations. Of particular interest are intersections, where 45 percent of 
reported crashes and 21 percent of fatalities occur (FHWA 2008). Intersec-
tions are locations of multiple and complex interactions of many drivers, 
making them appropriate targets for the site-based approach. If the SHRP 2 
project in this area is successful, university researchers and state and local 
safety engineers could use the site-based approach to study issues associ-
ated with particular roadway geometries that appear to be crash prone. 
If SHRP 2 were to receive additional funding, follow-on projects for fi eld 
deployment and analysis could be conducted within the program.

promising products, and potential users, incentives, 
and barriers

SHRP 2’s Safety focus area is expected to produce the following products:

• Initial fi ndings that can be used in developing new driver, vehicle, and 
roadway treatments to reduce deaths and injuries and in improving existing 
treatments.

• A rich source of naturalistic driving data, linked with roadway data, 
of unprecedented size and diversity, as well as tools for the development 
and evaluation of potential crash countermeasures. Safety researchers and 
practitioners will be able to use these data and tools to improve highway 
safety for years, if not decades, into the future.

• Analysis tools [including validated crash surrogates (defi ned later in the 
chapter)]; research protocols; and specifi cations for monitoring, recording, 
and encoding instrumentation that safety researchers will be able to use 
and build on.

• A site-based video system for studying vehicle behavior on particular 
roadway segments, such as intersections.



Initial Findings
The current SHRP 2 effort will provide answers to a limited number of 
high-priority safety questions. Safety practitioners and researchers nation-
wide were consulted to develop a list of nearly 400 safety questions that can 
be addressed with the use of SHRP 2 data. Box 2-2 contains examples of the 
types of questions being considered. As of this writing, the questions were 
still being prioritized to determine which ones will actually be addressed 
within SHRP 2. The answers to these questions will provide safety profes-
sionals with guidance for more effective safety strategies and are likely to 

Box 2-2

selected research questions generated for shrp 2

Lane-Keeping and Run-off -the-Road Crashes
• Does lane-keeping vary with driver age, gender, or vehicle type?
• Does risk of lane departure vary by road type, traffi c volume, superelevation, 

or presence of opposing traffi c?
• How are run-off-the-road crashes affected by different roadway geometries, 

shoulder widths, speed limits, signage, or pavement markings?
• What is the role of following distance in lane-change/merge crashes?
• How does aggressive driving behavior affect the risk of crashes or near-crashes?
• Is there a relationship between aggressive driving behaviors and run-off-the-

road crashes or near-crashes?

Intersection Safety
• How do roadway design, traffi c control variables, and signage infl uence be-

havior at intersections, such as braking, gap acceptance, and decision to turn at 
intersections?

• How does roadway design infl uence compliance with traffi c controls at inter-
sections?

• What is the effect of access points near the intersection?

In-Vehicle Technologies
• Is the frequency of use of infotainment or navigation devices affected by road 

type or traffi c volume?
• What is the infl uence of road geometry on driver behavior during technology-

related tasks?

safety focus area     33
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yield input to future editions of the Highway Safety Manual and the Compre-
hensive Human Factors Guidelines for Road Systems (TRB 2005). The studies 
conducted for the chosen questions will also serve as a demonstration of 
the uses and usefulness of SHRP 2 data.

Box 2-3 provides examples of fi ndings from other naturalistic driving 
studies performed at the Virginia Tech Transportation Institute, while Box 2-4 
describes an array of uses of similar data from fi eld operational tests per-
formed at the University of Michigan Transportation Research Institute. 
These studies are much smaller than the SHRP 2 naturalistic driving study 
and do not involve as wide a variety of drivers and geographic locations or the 
more detailed roadway data that SHRP 2 will have. Nonetheless, their fi nd-
ings are illustrative of what can be learned from such studies. In addition to 
developing new fi ndings, the larger SHRP 2 study will produce databases that 
can be used to verify the fi ndings of smaller studies and test the robustness of 
these fi ndings under different scenarios.

In-Vehicle Data
The 2-year SHRP 2 naturalistic driving study will produce a number of data-
bases for use by researchers and practitioners from universities, highway 
agencies, automobile manufacturers, and others concerned with highway 
safety. The raw data—from cameras, vehicle instrumentation, and roadway 
data collection—will be preserved for researchers who have interest and 
skills in mining these data. Reduced data sets—more accessible and more 
user-friendly versions of the raw data or some subsets thereof—will be use-
ful to both researchers and practitioners. In many cases, safety practitioners 
will be indirect users of the data in that they will engage researchers to be 
the direct users.

Three main components will collect data on or from the volunteers’ vehi-
cles. The fi rst will collect data on speed, acceleration, braking, seat belt use, 
and other vehicle-related factors. The second will be a set of inconspicuous 
cameras that will capture the volunteer’s face and the driver’s view out the 
front, rear, and side of the vehicle. The third will be a radar unit to capture 
the presence of other vehicles or objects near the subject vehicle. The data 
from these components will be encrypted, be transmitted to a secure loca-
tion, undergo quality checks, and be stored for reduction and analysis. In 
addition to these data, as noted above, the volunteer drivers will be asked 
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Box 2-3

examples of findings from naturalistic driving studies

The Virginia Tech Transportation Institute (VTTI) has conducted a number of small 
naturalistic driving studies, most notably a study in which 100 volunteers drove 
instrumented vehicles for 1 year. VTTI has also conducted studies focused on teen-
age drivers and on truck drivers. The fi ndings described here illustrate the types of 
information that can be gleaned from naturalistic driving studies and the kinds of 
countermeasures that may be developed as a result.

Driver inattention—particularly looking away from the roadway just before an 
unexpected event or condition—is the largest contributing factor to unsafe events 
such as crashes and near-crashes. Secondary tasks (those unrelated to driving) and 
external distractions account for most inattention-related risk. The highest risk is 
associated with looking away many times or for long periods of time. The kinds of 
secondary tasks associated with such frequent or prolonged inattention include dial-
ing a cell phone, text messaging, manipulating an MP3 player, and using the Inter-
net. Teenage drivers are four times more likely than adult drivers to be involved in 
a crash or near-crash while performing a secondary task. Such fi ndings contributed 
to a Virginia law banning the use of handheld electronic devices by teen drivers. 
High-tech countermeasures, such as driver “eyes-forward” monitors, in combina-
tion with other crash avoidance technology, could be used to warn drivers of unsafe 
behaviors and changing circumstances.

Driver drowsiness is a contributing factor in 15 to 20 percent of crashes and 
other safety-related incidents involving long-haul trucking, local and short-haul 
trucking, and light-vehicle driving, and it can occur at any time of day. Crash and 
near-crash risk is 6 to 8 times higher when driving while drowsy than when driving 
while alert. A study of truck drivers found that long-haul “team” truck drivers have 
poorer sleep quality but sleep for longer periods and are generally safer than “single” 
drivers. Among local and short-haul truckers, drowsiness was found to be most 
closely associated with beginning the workweek in a tired state. Potential counter-
measures include adjustments to hours-of-service regulations, electronic log books 
for truckers, and high-tech driver alertness monitors for all types of drivers.

Evaluation of countermeasures can be carried out by using naturalistic driving 
data. For example, in-vehicle forward collision warning algorithms were compared 
by overlaying data from VTTI’s 100-car study on actual crash and near-crash data. 
The use of real-world scenarios makes it possible to test whether the driver could 
have avoided a crash and under what circumstances the system would fail to activate 
for a real crash. These results can be used to refi ne existing countermeasures and to 
estimate the crash avoidance benefi ts of countermeasures under development.

SOURCE: VTTI (cf. Hanowski et al. 2000; Dingus et al. 2001; Dingus et al. 2005; Dingus 
et al. in progress; Blanco et al. in progress).
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to take a number of tests and respond to questionnaires to provide infor-
mation about themselves—such as their visual acuity, psychomotor skill, 
physical capability, risk taking and risk perception, sleep hygiene, medical 
conditions and medications, and driving knowledge and history—that can 
be anonymously correlated with the driving data.

Another data component of the naturalistic driving study—a component 
never before included at this level of detail in such a study—is extensive road-
way data on curves and grades, intersection locations and characteristics, 
pavement and shoulder types, presence and types of signs, pavement mark-
ings, guardrails, and the like. Although states routinely collect roadway data 
for infrastructure assessment, inventory, and asset management purposes, 
these data are limited. They do not always cover all roads in a jurisdiction, 
they may not cover locally owned roads, and they may not include all the 
elements needed for safety analyses. Having these data will allow SHRP 2 

Box 2-4

additional examples of the usefulness of in-vehicle data

The University of Michigan Transportation Research Institute has collected natu-
ralistic driving data in a number of fi eld operational tests. More than 800,000 miles 
of driving data have been obtained from both light passenger vehicles and heavy 
trucks, including hundreds of data channels from the vehicle; from video; and from 
add-on instrumentation such as radar, lidar, and inertial motion sensors. These 
data were originally collected to evaluate the performance and use of new types of 
safety systems on the vehicles, but the majority of the data are applicable to research 
and analysis across a wide spectrum of topics involving vehicles and highways. For 
example, General Motors used these data to develop an algorithm for a forward col-
lision warning system and to assess the safety impact of adaptive cruise control. The 
University of Michigan has used the data to study highway safety and vehicle use 
patterns relative to the urban environment, to model driving behavior, and to ana-
lyze fuel effi ciency to support the design of future hybrid vehicles. A project funded 
by the Alzheimer’s Association used the data as a benchmark for evaluating perfor-
mance and likely safety concerns for drivers suffering from early-stage dementia. 
In most cases, the information obtained from these data cannot be obtained from 
any other source.

SOURCE: University of Michigan Transportation Research Institute.
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researchers to develop greatly improved knowledge about the relationship 
of these features to safety outcomes. This knowledge can be used to develop 
better tools for the design and selection of safety countermeasures.

SHRP 2 will collect data of unprecedented quantity and detail on motor 
vehicle use, near-collisions, and collisions. These data will enable public 
health researchers and motor vehicle safety practitioners to probe and 
understand the conjunction of events and conditional circumstances that 
lead to collisions and near-collisions in a way never before possible. The 
data will make it possible to identify and prioritize roadway traffi c safety 
challenges, develop and assess potential countermeasures, and deploy those 
countermeasures that provide a net societal benefi t. It is not unreasonable 
to believe that the countermeasures identifi ed, developed, and deployed as 
a result of the SHRP 2 study could reduce motor vehicle–related fatalities 
and serious injuries by tens of thousands annually. The incident-free data 
collected—which safety professionals refer to as “exposure”—will provide 
the basis for comparisons of crash risk under different circumstances and 
involving different factors. Objective data on what really occurs before and 
during a crash or near-crash—how fast the driver was really going; when 
he or she braked; and how speed and braking are affected by cell phone use, 
fatigue, or other factors—will provide better understanding than biased 
and incomplete postcrash recollections of drivers and observers that until 
now have served as the primary source of such data.

SHRP 2 data will also make it possible to study how drivers react to differ-
ent roadway and environmental features and how their reactions affect crash 
risk. A strength of the SHRP 2 data, never available previously, will be the 
synthesis of highly detailed roadway, environmental, and driver data. The 
SHRP 2 data will enable study of how such factors as driving speed, braking, 
steering, and attention change with changes in roadway and environmen-
tal features—such as lane width, signing, pavement type, pavement mark-
ings, shoulder type and width, lighting conditions, and prevailing weather 
conditions. This in turn should allow some roadway countermeasures to be 
explored analytically, with a wide variety of drivers, by taking advantage of 
features already in place in various areas instead of implementing the features 
in an experimental situation and waiting a long time to acquire crash data. 
For example, SHRP 2 will help in understanding when and where speed-
ing is most likely to occur; when it poses the greatest crash risk; and which 
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countermeasures, such as innovative signing and roadway treatments, are 
most effective in reducing unsafe speeds. Such insights, paired with tech-
nology (such as digital maps), will provide the opportunity to deliver notice 
to drivers of changing roadway and environmental conditions and thereby 
allow advanced driver response.

Driver distraction is another important area in which SHRP 2 research 
can contribute by identifying the sources of distraction and calculating 
the crash risk associated with different sources. Cell phones, in-vehicle 
devices, and other technologies are hypothesized to be a major source of 
distraction—hypotheses that can be tested by SHRP 2. Cell phones in particu-
lar are a rapidly growing concern. Approximately 230 million cell phones are 
now in use in the United States. Current NHTSA surveys show that about 
6 percent of drivers are using cell phones at any given moment (NHTSA 
2008). The SHRP 2 data will make it possible to examine differences in crash 
risk while drivers are using a cell phone under various driving conditions 
(e.g., road type, traffi c volume, speed) or by demographic identifi ers (age or 
driving experience, for example). Results of research on these questions could 
lead to a number of safety countermeasures. Rumble strips or other roadway 
design features could help bring a driver’s attention back to the driving task. 
In-vehicle technology could be developed to prevent cell phones from func-
tioning while drivers are operating in challenging traffi c and environmental 
conditions with high cognitive demand and to enable safe cell phone use in 
low-demand conditions. Laws on the use of cell phones (for example, hands-
free versus handheld and restrictions on younger drivers) could be based on 
empirical evidence of risk. Education programs and new technologies could 
perhaps be tailored to particular audiences and driving behaviors.

Other nomadic devices that can be brought into the vehicle—including 
television, laptops, MP3 players, texting devices, and GPS devices—are a 
rapidly growing issue, though far less well documented than cell phones. 
There is some evidence that they pose a greater problem for young drivers 
who are the early adopters of these devices, use them frequently, and may 
think they can multitask without being distracted to a level that compro-
mises the cognitive capacity they devote to the driving task. SHRP 2 data 
will allow the risks associated with these devices to be studied and quanti-
fi ed so that appropriate countermeasures, possibly similar to those sug-
gested for cell phones, can be effectively applied.
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New technologies increasingly being added to the vehicle also raise 
questions about distraction. Do onboard navigation devices contribute 
to distraction? Do in-vehicle warning systems (lane departure, collision, 
speed, and traction warning systems, for instance) contribute to distrac-
tion, or are they a potential solution to all driver distraction issues? SHRP 2 
data will allow algorithms for these systems to be developed and tested. For 
example, developers of lane departure or collision warning systems will 
want to minimize the number of false positives (i.e., the warning sounds 
when it is not needed, annoys the driver, and possibly leads to ignoring 
the warning when it is real) and false negatives (i.e., the warning does not 
sound until it is too late for the driver to react). The task for technology and 
system designers is to integrate new systems that provide value and func-
tion without adding distracting operational features and to restrict access 
to operational features during periods of high driver workload and cogni-
tive demand. SHRP 2 data will be able to be matched to the typology of 
crashes developed by the Volpe National Transportation Systems Center 
(Najm and Smith 2007) and enable an understanding of collision morphol-
ogy (causal factors accumulating to cause a crash or near-crash). As they 
develop a profound understanding of how collisions occur and under what 
contributing conditions, safety professionals will be able to better conceive, 
develop, and assess potential countermeasures.

The major barrier or challenge to the implementation of SHRP 2 Safety 
results is the need to house and maintain the data—updating hardware and 
software as appropriate; providing security; and staffi ng a center that pro-
vides access to the data, assistance, and other services to researchers and 
practitioners. Signifi cant costs are involved, and funding must be stable 
over time to avoid the loss of data availability, to provide training and sup-
port, and to avoid hardware or software obsolescence. In addition, funding 
is needed to help ensure exposure of the data to both safety researchers and 
researchers in other fi elds who might have unique ideas about how to use 
them to derive new knowledge and to help in providing web- and university-
based training courses.

Research and Analysis Tools
In carrying out the naturalistic driving study, SHRP 2 will develop or 
improve on a number of tools that can be used by both safety researchers and 
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planners. Researchers may adopt the research protocols and management 
approaches developed for the study as guidelines, or perhaps even
de facto standards, for the conduct of similar studies in the future. Because 
the SHRP 2 study will involve thousands of volunteers throughout the coun-
try and make use of multiple contractors, it will advance the highway safety 
research community’s knowledge concerning studies with human subjects 
and how to work with multiple institutional review boards (IRBs) for such 
research.1

All of these tools and the knowledge gained will contribute to a new way 
of approaching highway safety based on more scientifi c understanding of 
risk factors and driver behavior. They also may lead to revised data needs 
with respect to crash reporting, roadway inventory, driver characteristics, 
and other safety-related factors as part of a comprehensive approach to 
asset management. The safety community currently experiences great dif-
fi culty in achieving and maintaining adequate attention to and investment 
in high-quality safety data collection programs. SHRP 2 results should help 
defi ne the most relevant sets of data that should be gathered by state and 
local entities so that data collection programs can be cost-effective and fully 
justifi ed to leadership.

Another analysis tool expected from SHRP 2 is crash surrogates—events 
or conditions that precede crashes, happen more frequently than crashes, 
and are highly correlated with crashes. For example, unintentional lane 
departures may be a surrogate for run-off-the-road crashes. The establish-
ment of surrogates for major crash types could revolutionize the evalua-
tion of safety countermeasures. Currently, to evaluate the effectiveness of 
a countermeasure in preventing crashes, a safety professional must spend 
years collecting crash data before and after the countermeasure has been 
applied. Using surrogates would take less time because surrogates take 
place more frequently than crashes; their use would therefore reduce, if 
not eliminate, the need to wait for actual crashes to occur to ascertain the 
effectiveness of countermeasures.

1 An IRB is an ethics board that reviews and approves research involving human subjects to ensure 
that the subjects’ rights and safety are protected. Universities and other research institutions that 
perform medical and social science research typically have one or more IRBs. The SHRP 2 naturalis-
tic driving study will involve as many as a dozen IRBs because of the number of contractors engaged 
in the research.
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Site-Based Video System
If SHRP 2 can demonstrate the technical feasibility of the site-based safety 
research tool—the system of overhead cameras and automated vehicle tra-
jectory tracking—this tool could be used by highway safety professionals 
to study driving behavior at locations of particular interest. The system, 
which is intended to be deployable at different types of locations, could be 
used by state and local agencies to evaluate new intersection geometries, 
different traffi c signal timing, various warning signs, pavement markings at 
hazardous curves or at entrances to work zones, or other countermeasures. 
This could be accomplished by setting up the system before and after such 
a change has been made and studying its effect on speed, lane changing, 
gap acceptance, or other behaviors of interest. As in the naturalistic driving 
study, the site-based tool could be used to discover crash surrogates, which 
could be analyzed in lieu of actual crashes to determine the safety impacts 
of a countermeasure. At its current funding level, SHRP 2 will not be con-
ducting these analyses itself. If the system can be demonstrated to work, 
however, such studies would be within the capacity of many states’ research 
programs, as well as those of the Federal Highway Administration, NHTSA, 
the National Cooperative Highway Research Program, the American Auto-
mobile Association’s Foundation for Traffi c Safety, the Insurance Institute 
for Highway Safety, and others.

The incentives to implement this technology will be its fl exibility in deploy-
ment to different types of locations and its ability to record and automatically 
identify trajectories of multiple vehicles, making it possible to measure the 
safety performance of locations such as intersections. Once the initial tech-
nical challenges have been overcome (mainly by using state-of-the-art tech-
nology and the latest tracking algorithms), wide-scale implementation can 
follow. A growing number of companies and products use this type of video 
image processing technology for simpler applications in traffi c management 
and incident detection. The SHRP 2 project will set benchmarks for the 
development of new systems that can be used to assess safety performance 
with accurate trajectory measurements. In the short to medium term, robust 
research-level prototypes will become available to highway agencies and 
others interested in site-based safety analysis. These prototypes will use off-
the-shelf hardware components (cameras, networking, workstations), with 
low-volume manufacture of the data acquisition hardware. Software needed 
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to run the system will also be made available. At this stage, the number of 
users and programs involved will be somewhat limited. For the longer term, 
commercial companies are already interested in further developing this 
type of technology to make it generally available and fully supported for the 
broader user community. In this context, the project can be seen as a catalyst 
for a new generation of safety evaluation systems, one that has established 
feasibility, generates awareness and interest, and sets standards that must be 
attained or surpassed by future commercial products.

Other Potential Users
The majority of the users of SHRP 2 Safety products are expected to be 
highway safety practitioners and researchers. Nevertheless, as knowledge 
of this research becomes more widespread, additional sectors of the high-
way community are expressing interest in using the data to address other 
critical issues. For example, highway planners are interested in the route 
choices made by the volunteers in the safety study. Traffi c operations profes-
sionals want to see whether the data can help them understand how drivers 
behave when they travel in work zones or drive past crash scenes. The site-
based video tool could even be set up in work zones or near special events to 
study traffi c patterns under these circumstances. In the naturalistic driving 
study, volunteers’ daily driving behavior will be recorded, and these data 
could be used to generate travel time distributions for repeated trips on the 
same route. This information, together with data on weather, crashes, or 
special events, could be used to study the impacts of such events on travel 
time reliability and possibly the detour choices made by drivers. The data 
derived from the study could also be used to examine driver behavior and 
vehicle performance related to air quality, such as cold starts. SHRP 2’s 
Reliability focus area (see Chapter 4) is carrying out a study to determine 
the feasibility of using data from safety research such as SHRP 2’s natural-
istic driving study to address some of these other issues.

conclusion

The SHRP 2 Safety program represents the most ambitious driver-centered, 
system-oriented safety research effort conducted to date. Its main compo-
nent is a naturalistic driving study involving approximately 4,000 volunteers 
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over a period of 2 years. This study will yield hitherto unobtainable data 
on driver behavior and the interaction among driver performance, vehicle 
performance, and roadway conditions before, during, and after crash events, 
as well as during near-crashes and normal driving. Crash risks associated 
with various factors will be determined, and this information will form the 
basis for better use of existing safety countermeasures and development and 
application of new countermeasures. Identifi cation of crash surrogates will 
make evaluation of countermeasures signifi cantly faster and safer. The data 
that make all this possible will be a major national resource. However, the 
potential benefi ts of this SHRP 2 Safety research will not be fully realized 
without a continued investment of human and fi nancial resources to ensure 
that this major national resource is made available to users long after SHRP 2 
has ended.
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SHRP 2 Renewal program goal: To develop a consistent, systematic 
approach to performing highway renewal that is rapid, causes minimum 
disruption, and produces long-lasting facilities.

The continued mobility demands placed on the nation’s highway sys-
tem mean that renewal work often must be performed while a highway 

facility remains in service. This requirement introduces signifi cant safety, 
mobility, and economic concerns. The public demands that the work be 
done quickly, with as little social and economic disruption as possible, and 
in such a way as to reduce future interventions to a minimum. The resulting 
safety, economic, fi nancial, management, environmental, aesthetic, and 
technological challenges are formidable enough for an individual project; 
meeting these challenges on a nationwide scale will require the develop-
ment of an entirely new way of approaching highway renewal.

shrp 2 renewal research

The strategic objectives of the SHRP 2 Renewal focus area address three 
needs: (a) to complete renewal of existing highways quickly, (b) to do so 
with minimal disruption to the community, and (c) to produce facilities 
that are long-lasting. These objectives—often referred to by the shorthand 
phrase “rapid renewal”—have been achieved under special, high-profi le cir-
cumstances (see examples in Box 3-1). SHRP 2 Renewal research is aimed at 
instituting a new way of thinking about highway renewal so that the benefi ts 
of rapid renewal can be achieved consistently and systematically rather than 

Renewal Focus Area

45

3



46     implementing the results of the second strategic highway research program

Box 3-1

examples of rapid renewal projects

Contractor Incentives Accelerate Construction Project in California
On Sunday, April 29, 2007, a gasoline tanker traveling through the “MacArthur 
Maze” interchange on westbound 80 to southbound 880 toward San Jose, Cali-
fornia, overturned and caught fi re. The intense heat caused the steel frame of the 
freeway to soften, and the eastbound 580 connector above collapsed onto the 880 
connector, forcing closure of two major arterials in the interchange.

The governor issued an emergency declaration the same day that allowed for 
streamlining of public contracting and permitting codes and provided emergency 
funding to enable repair operations to begin immediately. The California Depart-
ment of Transportation estimated that repairs to the damaged section of the Mac-
Arthur Maze would cost $5.2 million. For every day short of the June 26, 2007, 
deadline, the agency offered a $200,000 bonus, up to $5 million total. The highest 
bid was $6.4 million. The construction fi rm C. C. Myers of Rancho Cordova won 
the job with the low bid of $867,075. The company had a plan to get the job done 
rapidly enough to earn the entire bonus.

Crews were on the job less than an hour after the contract was signed. Work 
continued 24 hours a day in 12-hour shifts. The fi rst vehicles traveled on a repaired 
interchange on the evening of May 24, approximately 25 days after the incident 
had occurred.

Full Road Closures Reduce Project Duration in Several States
In certain circumstances, full road closure can be less disruptive than attempting to 
maintain traffi c through a construction area:

• The Delaware Department of Transportation (DOT) rehabilitated a 6.1-mile 
section of roadway between Wilmington, Delaware, and the Pennsylvania state 
line. The project included rehabilitation of pavement, bridges, the drainage sys-
tem, lighting and safety features, and 10 interchange ramps. Full directional road 
closures were used to reduce the construction time from 2 years to 185 days.

• The Oregon DOT used full directional closures when it repaved the Banfi eld 
Freeway in Portland. The use of full closures reduced the time for the paving portion 
of the project from 32 nights to 2 full weekends.

• The Michigan DOT used full closure to speed construction and improve safety 
when it rehabilitated part of the Lodge Freeway in Detroit. The use of full closure 
reduced the construction time from 6 months to 53 days.

SOURCES: FHWA 2007a; FHWA 2008a.



only on isolated special projects. This new way of doing business is built on 
more collaborative relationships and decision making; better integration of 
management, planning, design, construction, and maintenance; and more 
synergistic use of technologies and methods so that optimal benefi ts can be 
realized from complementary sets of innovations.

Benefi ts
The benefi ts of rapid renewal are many. The most immediate benefi t is 
reduced disruption for users of the roadway, as well as adjacent businesses 
and property owners. This benefi t can be realized through avoidance of 
delays from construction, a decrease in the time a facility may experience 
reduced capacity or local businesses may be inconvenienced, and less con-
struction noise for adjacent businesses and property owners. Less delay 
for trucks means reduced freight transportation costs and overall benefi ts 
to the economy. In addition, more collaborative decision making may con-
tribute to streamlined project delivery. Performance specifi cations and 
nondestructive testing reduce the number of people required to ensure 
high-quality results; resources previously devoted to quality verifi cation 
can be redirected to building and maintenance. Smoother pavements 
promote fuel effi ciency (Amos 2006) and reduce noise (Wayson 1998). 
Renewal using recycled materials benefi ts the environment by avoiding 
the additional energy consumption associated with the production of 
new materials. Shorter construction times reduce exposure to work zone 
crashes, which killed more than 1,000 people in 2005 and injure more 
than 40,000 each year (FHWA 2007b). In the long run, the largest benefi t 
will come from an increase in the life of highway assets. Bridges and roads 
that last longer mean billions of taxpayer dollars saved, as well as less fre-
quent disruption from future renewal activities.

Tactics
Renewal time in the fi eld can be defi ned as the time it takes to complete 
those on-roadway construction activities that affect traffi c fl ow and the 
communities and businesses that rely on the roadway for services. Rapid 
renewal applies innovative approaches or technologies to reduce the time 
traditionally allocated to these on-roadway activities, thereby minimizing 
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the impact on users and communities. SHRP 2 Renewal research is orga-
nized around seven tactics that are roughly aligned with the three strategic 
objectives of rapid renewal. These tactics are described below. The specifi c 
research projects included under each tactic are listed in Appendix B.

Tactic 1: Perform Faster In Situ Construction

This tactic addresses high-intensity construction projects performed on a 
compressed schedule. Carrying out such projects is not just a matter of 
working harder and faster to build a road, but of employing innovative 
technologies to replace the old ways of doing things and adapting roadway 
and bridge designs to optimize the use of these technologies. It also means 
completing preliminary engineering tasks, such as the timely relocation of 
public utilities, before construction begins. Utility relocation is one of the 
major causes of construction delay. This tactic also addresses the develop-
ment of techniques and guidelines better suited to renewal construction, 
such as performance specifi cations and rapid nondestructive testing.

Tactic 2: Minimize Field Fabrication Eff ort

This tactic involves approaches that can minimize the amount of fabrica-
tion performed at the project site, thus speeding up the on-site construc-
tion phase of the work—the part that actually affects traffi c. The SHRP 2 
Renewal plan will address prefabrication, modular construction, and inno-
vative installation strategies for bridges and pavements as part of this tactic. 
Rapid construction systems such as modular pavements and prefabricated 
bridges or bridge elements can help reduce traffi c disruption by permitting 
elements of pavements, bridges, and other roadway infrastructure to be 
built off-site and then installed in assembly-line fashion. Off-site construc-
tion also permits more intensive quality control, thus improving the level 
of performance and longevity of the highway infrastructure.

Tactic 3: Perform Faster Construction Inspection and Monitoring

To be rapid, a renewal project must be built and accepted quickly before 
being opened to the public. This tactic addresses the need for innovative, 
high-speed inspection and monitoring processes that can ensure that the 
desired quality and performance are obtained.
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Tactic 4: Facilitate an Innovative and Equitable Contracting Environment

One of the main challenges facing agencies on rapid renewal projects is 
the vastly accelerated pace of construction. Decisions that once took days 
to make must be made in hours, or even minutes. Such decisions must also 
be made in concert with the construction contractor or construction man-
agement consultant. This need for partnership demands a reassessment 
of risk sharing among the partners. Research conducted in support of this 
tactic focuses on developing performance-based specifi cations that afford 
the contractor greater construction control while managing agency risk, as 
well as on reexamining the allocation of risk inherent in the special nature 
of accelerated construction.

Tactic 5: Improve Customer Relationships

Planners of renewal projects must accommodate the needs and rights of 
utilities and railroads that share roadway rights-of-way to keep renewal 
projects on schedule and budget. SHRP 2 research will provide new, stream-
lined permitting and relocating processes that allow for the timely and effi -
cient progression of renewal projects for agencies, utilities, and railroads. 
The research will also produce recommendations for the institutional and 
procedural changes necessary for implementation of those processes.

Tactic 6: Design and Construct Low-Maintenance Facilities

Producing long-lasting facilities not only reduces ownership costs but also 
signifi cantly reduces disruption to users over a facility’s life cycle. This tactic 
addresses requirements for designing new or rehabilitating existing facili-
ties so as to reduce the frequency and magnitude of future maintenance 
activities. The goal is to integrate performance-related designs with innova-
tive construction processes that result in long-life solutions. The products 
of research under this tactic will narrow the gap in professional practice 
between design life and actual performance.

Tactic 7: Preserve Facility Life

Extending facility life through proactive preservation activities demon-
strates good stewardship of the public’s investment while signifi cantly 
reducing disruption. This tactic focuses on techniques that can be used to 

renewal focus area     49



50     implementing the results of the second strategic highway research program

preserve the life of existing facilities in good condition, thus extending the 
periods between major reconstruction efforts. Research under this tactic 
will yield products needed to achieve the preservation of roadways that 
carry high traffi c volumes.

promising products, and potential users, incentives, 
and barriers

The projects carried out under Renewal research will yield many products 
that fall into two general categories: technology and project delivery. Prod-
ucts in the technology category include materials, equipment, designs, 
and other tools for directly carrying out the renewal work. Products in the 
project delivery category support the three objectives of the Renewal focus 
area by addressing construction and asset management, quality control, 
and institutional arrangements between transportation agencies and their 
many partners. Products under each category are described below.

Technology Products
Many of the Renewal technology products relate to the road infrastructure 
itself. For example, several projects deal with pavement technologies. Mod-
ular pavements can greatly increase the speed of pavement renewal. Com-
posite pavements can contribute to long-lasting roadways by exploiting the 
specifi c advantages of different pavement materials. Renewing existing 
pavements in place can also speed the renewal process and produce longer-
lasting facilities. SHRP 2 will develop pavement systems, design guides and 
procedures, model specifi cations,1 construction procedures, and training 
materials to support these pavement innovations.

Bridge-related technologies form another major category of SHRP 2 
Renewal products. Two research projects are aimed at developing bridges 
with service lives of 100 years or more. The research will refi ne bridge 
designs to extend the service life of those bridge systems, subsystems, and 
components that typically deteriorate most quickly. By addressing both the 

1 SHRP 2 is not a standards-setting or specifi cations authority. The research will produce scientifi c 
and technological information that such authorities can use to produce formal standards and speci-
fi cations.
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overall structure and its components, a design can be optimized to achieve 
a long life for the entire facility. A number of innovative bridge technologies 
already exist, such as modular prefabricated bridge decks and other com-
ponents that can facilitate rapid construction and long life (see Box 3-2). 
However, use of these innovations requires some modifi cations of standard 
design approaches and new bridge designs that are more compatible with 
existing innovative construction techniques and technologies. Needed as 
well are new construction techniques and technologies that are compatible 
with existing and potential new bridge systems. In general, optimization of 
designs and materials contributes to long life, but current designs do not 
refl ect constructability, material performance, and in-service performance 
considerations to the extent necessary to achieve this strategic objective. 
SHRP 2 will develop design procedures, standard plans, design examples, 
contracting tools, and training materials to facilitate the use of promising 
bridge innovations.

While pavement and bridge technologies may be the most obvious ele-
ments of highway renewal, other less visible elements are just as important. 
The condition of soil and foundations for bridges and pavements is critical 
to rapid construction and long-lived facilities. SHRP 2 will study existing 
materials and technologies for soil improvement, rapid embankment con-
struction, and pavement stabilization, and it will develop guidelines and 
design procedures, as well as a construction certifi cation program, for use 
of these technologies. Another hidden element that affects rapid renewal 
is the presence, location, and type of underground utilities. Discovery of 
unexpected utilities or incorrect information about their location or type 
can be dangerous and often results in signifi cant delays as construction 
must stop until the situation can be resolved with the utility owners. SHRP 2 
is investigating the state-of-the-art of technologies that can be used to 
locate and characterize underground utilities and will produce guidelines 
and training materials for their application.

Soils and utilities are not the only hidden factors relevant to rapid renewal. 
Designers want to know the current condition of existing facilities—for exam-
ple, whether steel-reinforcing bar has deteriorated or whether there are voids 
in a concrete pavement—to determine the type of renewal required. In addi-
tion, during construction and after a facility has been renewed, the quality 
of materials and workmanship must be determined—for instance, whether 
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Box 3-2

accelerated bridge techniques

Innovative materials, equipment, and techniques can signifi cantly accelerate bridge 
renewal and provide longer-lasting structures. Prefabrication of bridges or bridge 
elements, for example, saves time by reducing work performed at the construc-
tion site. The result is reduced traffi c disruption, improved safety, reduced impact 
on other transportation modes (railroads or waterways beneath the bridge), less 
impact on wetlands, less noise, and shorter duration of adverse impact on local 
businesses. Prefabrication off-site in a controlled environment can improve con-
structability by reducing impacts of weather and can enhance construction quality 
by ensuring more consistent materials and procedures. Standardization of identi-
cal components can reduce initial construction costs, and higher quality lowers 
life-cycle costs. The following are examples of the use of prefabrication and other 
innovative approaches to bridge renewal:

• Utah is the fi rst state DOT in the country to be transitioning to accelerated 
bridge construction (ABC) as standard practice. Utah’s family of ABC products 
includes standards for the use of multiaxle computer-controlled platform vehicles, 
called self-propelled modular transporters (SPMTs), to remove and install bridges. 
In summer 2008, Utah replaced a dozen bridges on and over Interstate highways, 
in each case resulting in only days of impact to motorists. Each superstructure 
was constructed adjacent to the site and then quickly driven into fi nal position on 
SPMTs (AASHTO TIG 2008; Utah DOT 2008).

• The George P. Coleman Bridge in Yorktown, Virginia, is the largest double-
swing-span bridge in the country. By 1995 the number of vehicles crossing the 
bridge had doubled since it was built, and the movable spans needed repair. A wider 
replacement bridge was built nearby, and the six spans were barged to the site com-
plete with roadway striping, traffi c railing, and light poles. The existing bridge was 
dismantled and the new bridge erected in just 9 days (FHWA 2008b).

• The deck of the historic Lewis and Clark Bridge on Route 433 between Wash-
ington State and Oregon was completely replaced with no impact on peak period 
traffi c through the use of SPMTs. SPMTs were used to remove the old bridge deck 
and install new prefabricated deck panels on the mile-long bridge, reducing impact 
on traffi c and exposure of workers to hazardous conditions (FHWA 2006).

• New Jersey replaced three bridges on Route 1 over Olden Avenue Connector 
and Mulberry Street in Trenton in three weekends by using prefabricated super-
structures. The use of prefabrication allowed the deteriorated decks to be replaced 

(continued)
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the pavement has been fully compacted or whether a material has fi nished 
curing. The more rapidly quality can be verifi ed, the more quickly the road 
can be reopened to traffi c. Such questions have typically been answered by 
means of time-consuming destructive sampling and testing: a sample of a 
pavement is removed and brought to a laboratory for analysis; a sample of 
new material is set aside for a prescribed number of days and stressed to 
failure in the laboratory to test its strength. Nondestructive tests that can be 
applied in the fi eld provide answers more quickly. SHRP 2 will evaluate such 
tests and perform proof-of-concept research; for technologies that prove 
worthwhile, test procedures and training materials will be developed.

Project Delivery Products
SHRP 2 products in the project delivery category address barriers to rapid 
renewal that exist beyond the design and construction activities directly 
associated with a given renewal project. These barriers relate to manage-
ment and institutional issues that must be addressed for rapid renewal to 
be applied more widely. Projects in this area are closely related to those 
in the technology category. For example, while one technology project 
addresses technologies that can locate and characterize underground utili-
ties, a project in the project delivery category addresses the broader issue of 
the relationship between utility companies and highway agencies. The lat-
ter research is exploring means of improving communication and decision 
making between these very different entities to promote cooperation and 
attainment of the priorities of each. Box 3-3 provides an example of how bet-
ter coordination of utility relocation can contribute to reduced duration of 

with no impact on peak-hour traffi c. These bridges are expected to have a 75- to 
100-year life, signifi cantly more than the typical 50-year life of other bridges in the 
area (FHWA 2006).

• The Belt Parkway Bridge over Ocean Parkway in Brooklyn was lengthened 
and widened with no lane closures during peak traffi c hours through the use of 
prefabricated bridge components. The entire design–build project was completed 
in 14 months, including a 3-month winter shutdown. Construction would have 
taken 3 to 4 years with conventional methods (FHWA 2006).
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construction. The products of the research will include a manual of best prac-
tices and model cooperative agreements. Similarly, renewal projects often 
entail coordination with railroads that cross or abut highway rights-of-way. 
Highway agency–railroad interactions can cause signifi cant delay, yet this 
is an issue not easily addressed by technology. SHRP 2 is examining ways to 
improve communication and coordination with railroads to promote mutu-
ally benefi cial outcomes in dealing with roadway renewal projects. Products 
of this work will be analogous to those developed in the project related to 
utilities.

Use of some of the pavement, bridge, and geotechnical technologies 
described under the technology product category will require additional 
nontechnological support. For example, the benefi ts of composite and 
modular pavements and innovative bridge elements are predicated on their 
long-term performance. Highway agencies need to know how to specify 
such performance, as well as how to measure whether it has been deliv-
ered. SHRP 2 will provide the data and guidelines needed to develop per-
formance specifi cations in lieu of the traditional materials and methods 
specifi cations used for more common technologies. This move from meth-
ods and materials to performance specifi cations can affect risk allocation 
among agencies, contractors, and suppliers. SHRP 2 is assessing the shift-
ing allocation of risk and developing guidelines and training materials to 
aid agencies and contractors in managing project risk effectively.

Box 3-3

example of benefits from a project delivery product
The Links I Utility Corridor

This project involved relocating the utility facilities of several different companies 
in advance of the reconstruction of State Road 60 in Tampa, Florida. The project 
constructed a separate structure, 10 feet wide by 10 feet deep, that housed 12 utili-
ties stacked vertically with staggered horizontal placement, and a separate service 
road for access and maintenance. The coordinated relocation of utilities reduced 
the overall duration of the construction project from 7 to 5 years.

SOURCE: www.tfhrc.gov/FOCUS/june07/03.htm.
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Frequent episodes of pavement or bridge maintenance can be just as 
disruptive as construction, particularly on highways with high traffi c vol-
ume. To exploit the life-cycle benefi ts of renewal while minimizing disrup-
tion, timely and effective preservation activities are needed. SHRP 2 will 
develop methods and data to help agencies perform life-cycle analyses of 
long-lived facilities, along with draft preservation guidelines focused on 
high-volume roads.

A major challenge to implementing the products of the Renewal focus area 
will be delineating how this wide variety of products can be used together 
effectively to achieve the objectives of rapid renewal. This is to some extent 
a question of packaging and communication, but even more of developing 
tools to help users assess the needs of their own projects and determine 
the optimal suite of technologies and techniques for their circumstances. 
The synergistic relationships among technologies need to be identifi ed, and 
guidelines for combining them strategically must be developed.

Potential Users, Incentives, and Barriers

The foregoing description of Renewal projects suggests a wide array of poten-
tial users. Highway agencies at the state, regional, and local levels will be the 
primary users of most of the products. But even within these agencies there 
are many different potential users. Pavement and bridge designers, geotech-
nical engineers, utilities coordinators, construction inspectors, and project 
managers will use different products at different stages of the renewal pro-
cess. Incentives for agency personnel to use the products of Renewal research 
include minimizing traffi c disruption; providing better facilities; improving 
life-cycle costs; streamlining project delivery; and achieving better working 
relationships with utilities, railroads, and adjacent businesses and property 
owners. Agency personnel will not assume the risks of innovation unless 
they develop a high level of trust in the innovation and in those promoting 
it. Building trust will be key to successful implementation.

Despite the incentives, agencies face signifi cant barriers to innovation. 
Many innovations that lower life-cycle costs and user costs (by reducing 
delay) have higher initial construction costs; this is especially true for the 
fi rst use of an innovation by an agency. Given restricted budgets and pres-
sure to start projects in multiple jurisdictions at once, many agencies may 
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fi nd it diffi cult to carry out fewer projects with higher initial costs in a given 
year. They will need information and resources to articulate the benefi ts of 
rapid renewal in terms that are meaningful to the public and to political 
leaders. They may also need legislative or regulatory changes to allow the 
use of new approaches—for example, to allow a life-cycle rather than initial 
low-bid procurement procedure or to utilize an innovation that includes a 
proprietary element. Agencies will also need training and technical sup-
port to guide them through the implementation of innovative approaches. 
They may need fi nancial assistance as well to cover the delta (additional) 
costs associated with demonstrating a new technology.

Highway design and construction is a world sharply bounded by stan-
dards and specifi cations. These are the tools with which agencies safeguard 
the public treasury and secure the public safety. If efforts to implement 
SHRP 2 Renewal products do not recognize and accommodate the special 
role of standards, widespread implementation may founder. An intensive 
effort to develop consensus standards for the application of SHRP 2 Renewal 
products must proceed among standards-setting organizations in parallel 
with other implementation activities. As implementation progresses, les-
sons learned will need to be refl ected in the evolution of prototypical or 
provisional standards.

Another simple but signifi cant barrier to innovation faced by many pub-
lic agencies is restrictions on travel, sometimes even if the travel is paid 
for by others. New technologies, such as individual web-based training, 
webinars, and teleconferences, can help overcome this barrier by providing 
training remotely. Nevertheless, technology transfer is a people-oriented 
activity, and the benefi ts of face-to-face communication and hands-on 
experience with new technologies cannot be overstated. Local agencies in 
particular will need active outreach and support. Purchases of new equip-
ment, the development of new specifi cations and standards, and training 
all cost money that may not be in agency budgets.

Contractors and suppliers of materials and equipment will use products 
related to their lines of business; they may be particularly interested in 
the performance specifi cations, model contract language, and risk manual. 
They will be concerned about what the highway agencies will require of them 
and how it will affect their competitive position. Some may welcome the 
changes as an opportunity to compete on the basis of quality and speed 
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provided through innovation. More collaborative approaches can lead to 
fewer claims. Others may feel threatened by change and require more out-
reach and support to identify the innovations that will work best in their 
business model. Effective methods of engaging contractors will include 
incentives to innovate. The distribution of risk associated with some rapid 
renewal techniques may result in more risk being borne by the contractor. 
Distribution of the burden of risk to those most capable of bearing it must 
be addressed up front by all parties and refl ected in contract documents, 
project compensation, and incentive structures. A strong commitment to 
partnership between agency and contractor must exist for both parties to 
move forward successfully in implementing innovations. Both parties will 
experience a learning curve, and the agency’s willingness to share the risk 
at the outset will facilitate implementation.

Other potential private-sector users include engineering and design 
consultants. They will also need to learn how to use the new designs and 
materials, and changes in their internal design and project management 
procedures may be required.

Utility companies and railroads will be users of the research aimed at 
promoting coordination and cooperation between these entities and high-
way agencies. At the heart of this research is the question of incentives for 
and barriers to cooperation. Utilities and railroads have business objectives 
that differ from those of agencies that renew roads and highways. Each 
entity needs to have reason to see itself as a partner in the renewal effort, 
with something to gain as well as something to contribute.

Local businesses and neighbors will not be direct users of Renewal prod-
ucts, but they will be affected by the use of those products. Outreach to 
these affected parties should take place early and as often as necessary to 
keep them fully informed about how renewal will infl uence their busi-
nesses and daily lives. It may be helpful to describe alternative scenarios to 
highlight the benefi ts of differing strategies and to solicit their input into 
decisions closely affecting them.

Other important potential users of Renewal products are teachers, pro-
fessors, and researchers. For rapid renewal strategies to take hold as ordinary 
operating procedures, universities will have to incorporate them into their 
highway engineering and construction management curricula. Training 
and certifi cation programs for engineering technicians and construction 
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workers will also need to incorporate the new technologies. Researchers 
will need to direct their investigations toward rapid renewal approaches, 
building on and going beyond what has already been developed.

conclusion

Incorporation of the SHRP 2 Renewal research products into standard busi-
ness practices will be challenging but rewarding. What were once viewed 
as highly innovative measures employed for use only on special projects 
will become the normal way of doing business. Stakeholders will modify 
the ways they think and act, and possibly the ways their organizations are 
structured. The highway transportation community is large, complex, and 
generally risk averse. Small innovations are sometimes easier to implement 
than those that require a paradigm shift. Time and dedicated resources will 
be required to create an environment in which the highway community 
will embrace innovations that promise long-term benefi ts and may require 
a substantial change in organizational behavior and business practices. 
SHRP 2 Renewal products must be applied systematically over an extended 
period of time for such change to take place.
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SHRP 2 Reliability program goal: To provide highway users with reliable 
travel times by preventing and reducing the impact of nonrecurring 
congestion.

Congestion seems to be like the weather—something we talk about but 
cannot do much to change. We avoid it if we can, endure it if we must. 

Congestion is a complex phenomenon; its interrelationships with the econ-
omy, safety, and the environment are not always straightforward. It is defi ned 
differently in urban versus nonurban areas. It may be described as “gridlock” 
in one city but may be bearable evidence of economic growth in another. 
Congestion is often a matter of perception: different travelers perceive it 
in diverse ways depending on its impacts, including the perceived cost or 
penalty for being delayed, and on the importance the traveler attributes to 
a particular trip. Congestion generally takes two forms: recurring, or every-
day peak-hour congestion, and nonrecurring, or the seemingly unpredictable 
congestion that occurs at unexpected times or places. Nonrecurring conges-
tion causes highway users to regard the highway system as “unreliable.”

The complexity of congestion calls more for a dynamic operational per-
spective than for the static infrastructure perspective traditional to highway 
engineering. Addressing the problem also requires the active participation 
of both public- and private-sector entities. Solutions must tap a suite of strat-
egies, including design, construction, system operation and management, 
pricing, modal shifts, land use, and many other factors. New concepts and 
vocabulary must be employed to refl ect the probabilistic and systemic nature 
of the phenomena associated with congestion, necessitating in turn training 
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and education of those responsible for planning, programming, operating, 
and maintaining the highway system. Political leaders need to understand 
how highway operations, as well as new construction and maintenance, 
affect congestion and consequently how suboptimal resource allocation 
decisions can hamper a comprehensive approach to congestion mitigation.

shrp 2 reliability research

SHRP 2 addresses congestion in two strategic focus areas. The Capacity focus 
area, discussed in the following chapter, addresses the need for new physical 
capacity to deal with recurring congestion and explicitly includes economic, 
environmental, and pricing aspects of the issue. The Reliability focus area, 
described here, addresses a particular operational characteristic of highway 
systems that is related to nonrecurring congestion: travel time reliability. 
From the highway user’s perspective, travel time reliability means the extent 
to which one can depend on completing a given trip within a consistent, pre-
dictable length of time. More specifi cally, travel time reliability is the prob-
ability or percent of time that a person or goods shipment will arrive on time 
(or within a time window) for a particular type of trip, departure time, origin 
and destination, and environmental setting. When travel times are not reli-
able, travelers frequently fi nd themselves late unless they build additional 
buffer time into their trips. For example, one may leave earlier to ensure arriv-
ing on time for an important appointment or to catch a fl ight. This buffer 
time could have been spent on other activities and could actually be spent 
waiting at one’s destination if the time was not needed in the end.

SHRP 2 research is aimed at improving travel time reliability by address-
ing the nonrecurring portion of the congestion problem. The relatively 
unpredictable events that are responsible for nonrecurring congestion can 
be categorized as follows:

• Traffi c incidents: This category covers a number of different types of 
events. Crashes are a common example; when a crash occurs on a roadway, 
at least one lane of traffi c is typically blocked by the vehicles involved in the 
crash. Often, additional lanes are blocked by police, fi re, and emergency 
medical vehicles and equipment. Even if the crash occurs off the road or 
has been moved to the shoulder, through traffi c must slow down for safety 
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reasons or chooses to slow down out of curiosity. Other types of incidents 
can also block a portion of the roadway or provide rubbernecking opportuni-
ties. Such incidents may include police activity, broken-down or abandoned 
vehicles, debris on the roadway, and cargo spills (including spills of hazard-
ous material, which require special safety and cleanup procedures).

• Work zones: A heavily used and aging infrastructure requires substantial 
maintenance and rehabilitation, much of which must be carried out while 
the facility is still in use. Work zones block lanes and sometimes require 
reduced speeds and modifi ed traffi c patterns, all of which can add to travel 
time and congestion.

• Weather, environmental, and emergency impacts: Rain, snow, ice, fog, and 
sun glare can often slow traffi c even when they do not contribute to crashes 
or breakdowns. Even with effi cient plowing, snow can reduce the number 
or width of lanes in locations that lack adequate space to store plowed snow. 
Heavy rains or poor drainage can leave portions of low-lying roads impass-
able during and after a storm. Hurricanes, tornadoes, wildfi res, or terror-
ism threats may call for emergency evacuation or closed roads.

• Special events: Football games, parades, demonstrations, marathons, 
motorcades of dignitaries, and many other sporting and civic events can 
have signifi cant impacts on local traffi c. If drivers are not forewarned about 
such events, they can be surprised to fi nd their trip’s duration lengthened.

SHRP 2 focuses on nonrecurrent congestion and travel time reliabil-
ity for three reasons. First, approximately half of the delay experienced by 
highway travelers is characterized as nonrecurring or caused by nonrecur-
ring events (Chin at al. 2002). Reducing the impact of incidents that cause 
nonrecurring congestion can have a signifi cant effect on reducing over-
all congestion and travel delay. Second, travel time is something highway 
users understand. They know what it means for travel times to be highly 
variable and what impact this variability has on their personal and profes-
sional lives. Being late because a trip took longer than would reasonably 
have been predicted can mean missing an appointment or a plane, losing a 
client, or disappointing a loved one. Shippers who operate on a just-in-time 
basis pay a penalty for deliveries that occur outside of a narrow window, 
whether too late or too early. Workers know they cannot regularly be late 
for their jobs if they wish to remain employed. Parents picking up children 
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at day care may be charged for arriving late. The third reason for focusing 
on travel time reliability is that it is amenable to existing and emerging 
management and technological tools. In 2005, for example, traffi c incident 
management programs reduced congestion in 437 urban areas by 130 mil-
lion hours, saving $2.5 billion (TTI 2007).

While the terms “recurrent” and “nonrecurrent” congestion have 
become somewhat conventional among highway operations profession-
als, they are not truly independent phenomena. Incidents such as those 
cited above often take place during periods of recurrent congestion, which 
increases their impact. The baseline traffi c volume on a road infl uences 
the severity of an incident’s impact on travel time: the closer to capacity a 
highway facility operates, the more sensitive it is to such perturbations as 
crashes, rubbernecking, and blocked lanes. Table 4-1 indicates the percent-
age of lost throughput capacity on a roadway that is due to incidents that 
block one or more lanes or the shoulder. Design characteristics of a road 
system—such as traffi c signal timing, the presence or absence of shoulders, 
and lane drops1—also infl uence the severity of nonrecurring incidents.

Managing incidents to reduce their impact on the variability and unpre-
dictability of travel times requires a multifaceted approach. SHRP 2 has iden-
tifi ed four areas in which research could make a signifi cant contribution:

• Data, metrics, analysis, and decision support: This area encompasses the 
following questions: How can reliability best be defi ned, measured, and 
monitored? How effectively do various strategies improve reliability? How 
can these strategies be used by agencies to guide actions and investments 
aimed at reducing nonrecurring congestion?

• Institutional change, human behavior, and resource needs: In any complex 
system, the human participants are a critical component. This area relates 
to how transportation agencies can evolve to reduce nonrecurring conges-
tion and mitigate its impact through highway operations. It also addresses 
how transportation agencies and other organizations involved in incident 
management and response can collaborate more effectively. In addition, it 
deals with training needs and driver behavior.

1 A lane drop is a reduction in the number of traffi c lanes on a road, usually at an intersection, inter-
change, or dividing point.
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• Incorporation of reliability into planning, programming, and design: This 
area involves arming transportation professionals with the technical and 
policy tools needed for effective management of nonrecurring congestion. 
The data, tools, and information about institutional and human behavior 
derived from research in the fi rst two areas above will be consolidated and 
incorporated into the planning, programming, and design processes of 
transportation agencies.

• Future needs and opportunities: The research in this area will focus on fos-
tering innovative thinking that can form the foundation for long-term reduc-
tions in nonrecurring incidents and improvements in travel time reliability.

promising products, and potential users, incentives, 
and barriers

The products of SHRP 2 Reliability research are many and diverse, as are 
the potential users of those products. Ideally, the products would be imple-
mented in an integrated fashion. That is, transportation organizations 
would simultaneously apply institutional, analytical, planning, operational, 
design, and management strategies to leverage their synergistic relation-
ships and would coordinate this implementation across user groups (see 
Box 4-1 for an example of such an integrated approach). For clarity of expo-
sition, however, this section describes the products of SHRP 2 Reliability 

table 4-1  percentage of lost throughput 
capacity due to lane or shoulder blockage

No. of Shoulder

 Lanes Blocked

Lanes Blocked (%) 1 (%) 2 (%) 3 (%)

2 19 65 100 NA
3 17 51  83 100
4 15 42  74  87
5 13 35  60  80
6 11 29  50  74

NOTE: NA = not applicable.
SOURCE: FHWA data reported in WSDOT 2007.
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research fi rst, and then the potential users of those products and the incen-
tives for and barriers to implementation.

Products
The products to be developed under SHRP 2 Reliability research can be 
grouped into the four areas described above. A list of Reliability projects 
and corresponding products is provided in Appendix B.

Data, Metrics, Analysis, and Decision Support

Research in this area will identify data types, measurement methods, and 
analysis tools and will develop an archive of travel time data, performance 
measures, and operational strategies. The archive will support transporta-
tion agencies at all levels in monitoring travel times and related reliability 
measures, developing and using performance measures and models, and 
evaluating actions aimed at controlling and mitigating nonrecurring con-

Box 4-1

maryland charting the course

The State of Maryland’s incident management program is among the most advanced 
in the nation. It is part of a larger organization known as the Coordinated Highways 
Action Response Team, or CHART, a joint effort of the Maryland State Highway 
Administration, the Maryland Transportation Authority, and the Maryland State 
Police. In addition to managing traffi c incidents, CHART deals with weather-
related emergencies, construction-related road closures, and other issues associ-
ated with highway operations. CHART operates a Statewide Operations Center 
near Baltimore–Washington International Thurgood Marshall Airport. This facil-
ity works in conjunction with several smaller regional traffi c operations centers 
located throughout the state.

The CHART program may have prevented as many as 766 secondary incidents in 
2001 through its prompt clearing of primary incidents, according to experts at the 
University of Maryland. Researchers estimate that the 25.80 million vehicle hours 
of delay “eliminated” by the program in 2001 saved 4.35 million gallons of fuel and 
kept 4,027 tons of vehicular emissions out of the air.

SOURCE: AASHTO 2004.
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gestion. A guidebook will help practitioners establish reliability monitoring 
programs. Technical relationships between mitigation measures and per-
formance will be developed so that practitioners will have a basis for mak-
ing informed choices. Mechanisms for incorporating reliability estimation 
into planning and operations models will be developed as well.

Institutional Change, Human Behavior, and Resource Needs

In the area of highway operations and incident management, the actors are 
many and diverse: managers of highway agencies and their technical staff; 
the political leaders who provide authorization, budgets, and oversight; driv-
ers; police, fi re, and emergency medical personnel; tow truck operators; 
maintenance and construction workers; businesses; sponsors of special 
events; and weather forecasters. Reducing congestion related to nonrecur-
ring events will require signifi cant modifi cations of the internal organiza-
tional structures and business practices of transportation and public safety 
agencies. Impact mitigation will require new organizational systems, practi-
tioner interactions, and effective communications. Research in this area will 
provide information to guide agency managers and practitioners in making 
business process and institutional changes in support of improved reliabil-
ity. Managers will fi nd guidance for effectively disseminating travel time 
reliability information in several alternative formats so that road users can 
make informed driving decisions. Box 4-2 provides an example of a format 
used by the Washington State Department of Transportation.

Case studies from both domestic and international transportation organi-
zations and from nontransportation industries, together with insights gained 
from research on organizational behavior, are identifying the most effec-
tive practices and organizational structures for managing 24-hour facilities 
such as highway systems. Focusing specifi cally on how these approaches can 
improve incident management and travel time reliability, SHRP 2 research 
in this area will examine ways of inculcating an operations orientation in the 
institutional culture of transportation agencies to strengthen their capac-
ity to deal with nonrecurring congestion. A focused training program is 
being developed to ensure that all professionals who respond to highway 
incidents—transportation staff, fi refi ghters, police, emergency medical 
personnel, tow truck operators, material spill responders—are well versed 
in the state of the art of safe and effi cient incident response procedures 
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Box 4-2

washington state department of transportation 
online travel time calculator

The Washington State Department of Transportation provides an online tool trav-
elers can use to calculate their commute times. The tool uses travel time data to 
estimate the “worst case” travel time scenario. Commuters can expect to arrive at 
their destination within the calculated time 95 percent of the times they make this 
trip at the chosen time of day; that is, they can expect to be on time for work 19 out 
of 20 working days a month if they allow for the calculated trip duration.

Where are you 
starting from?  

SeaTac

Where are you
going?

Seattle

What time do you 
need to get there? 

8
:

00 AM

SeaTac - Seattle 

Your 95% Reliable Travel Time is 35 minutes.
95% of the time you would need to leave at 7:25 AM to arrive by 8:00 AM.

SOURCE: WSDOT 2008.

in traffi c environments. Driver behavior is being addressed in two ways. 
One project addresses travel time information, a key need of road users, by 
examining the accessibility and utility of traveler information mechanisms 
and technologies and assessing the system performance effects of the 
improved traveler information they provide. The second research effort 
will use video and other data collected in past studies and SHRP 2’s Safety 
fi eld study (see Chapter 2) to learn how drivers behave in work zones or in 
the vicinity of crashes, special events, or other incidents. Results from these 
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driver-behavior studies will lead to better traffi c management and more 
effective communication with drivers.

Incorporation of Reliability into Planning, Programming, and Design

Planning, programming, and design processes are key tools used by trans-
portation agencies to improve traffi c conditions and reduce and mitigate 
nonrecurring congestion. Currently, no technical procedures exist with 
which to incorporate mobility and reliability performance measures into 
the transportation investment process; as a result, the effects of short- and 
long-term strategies addressing improved reliability on traditional capital 
expenditures cannot be determined. Similarly, the effects of alternative 
design features that can improve reliability have not been fully evaluated, 
and those that have been are not included in design manuals.

SHRP 2 research in this area addresses the need for improved tools to iden-
tify and evaluate the effectiveness of infrastructure and operational counter-
measures and to quantify the impacts of nonrecurring congestion on overall 
highway capacity. The research will link changes in performance measures 
to individual reliability improvement strategies so the effectiveness of those 
strategies in reducing congestion can be considered fairly as a substitute for 
or supplement to infrastructure-based capacity enhancements in the trans-
portation planning and programming process. The research will include 
pilot studies of the procedures in a number of agencies. In coordination with 
the work undertaken in the Capacity focus area of SHRP 2 (see Chapter 5), 
travel time reliability will be included among the factors considered in the 
highway planning and programming process. Reliability performance, costs, 
and effectiveness will be incorporated into the key steps that lead to deci-
sions about how the transportation system evolves and is operated. SHRP 2 
is studying highway design features—such as crash investigation sites, 
median crossovers, and wide pavement shoulders—to assess their costs and 
effectiveness in managing incidents to reduce travel time variability. Many 
such features are currently in use but not included in standard design guides 
because of perceived high costs and a lack of data on potential cost savings. 
Other designs used in countries outside of the United States will be evalu-
ated as well. An example is active traffi c management, which combines lane 
control, variable speed limits, hard shoulders, and accident investigation sites 
so that highway system managers can control traffi c fl ow both laterally and 
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longitudinally (see Box 4-3). Results of these analyses will be used to develop 
nonrecurring congestion factors for the Highway Capacity Manual and the 
AASHTO Policy on Geometric Design of Highways and Streets—standard refer-
ence materials for highway designers. Turning research results into practical 
guidance that meets the requirements of these design documents is essential 
to infl uencing actual highway designs.

Future Needs and Opportunities

The research described thus far is focused largely on making signifi cant 
improvements in the short term, taking much of the current highway envi-
ronment as given. However, many technological, social, and institutional 

Box 4-3

m42, west midlands, united kingdom

On September 12, 2006, motorists on the M42 in the West Midlands, United King-
dom, were the fi rst in the country to be able to drive on the hard shoulder during 
busy periods as part of a scheme aimed at cutting congestion. The scheme, called 
active traffi c management, is in effect between junctions 3A and 7 and uses elec-
tronic signs to direct drivers to use the hard shoulder during times of peak conges-
tion. Together with variable speed limits, which help smooth the fl ow of traffi c, the 
scheme has been highly successful in reducing congestion on the M42.

Safety was of critical importance during the design of the scheme. Emergency 
refuge areas are available at regular intervals to provide motorists with a safe place 
to stop in the event of a problem with their vehicle. These refuge areas are linked 
by telephone and closed-circuit television camera to the nearby regional control 
center. The Highways Agency also worked closely with emergency services to 
enable them to access the motorway in the event of an incident. Available to staff 
in the Highways Agency control room are more than 200 cameras on the 11-mile 
stretch, allowing them to easily spot any incident as it occurs. They can then close 
an individual lane or lanes by displaying a red “X” on the electronic sign above each 
affected lane. Taking this action protects the vehicles involved in the incident while 
clearing the lane to allow access by emergency vehicles.

Compared with road widening, active traffi c management is signifi cantly more 
cost-effective but provides comparable benefi ts. The benefi ts include increased 
capacity, reduced travel times, greater travel time reliability, lower emissions, and 
lower fuel consumption.
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developments are occurring and will continue to emerge; transportation 
agencies must be prepared to conduct highway operations in new envi-
ronments and even to create these environments. Research in this area is 
focused on longer-term, more innovative thinking. One project will defi ne 
user requirements, performance standards, and present and future con-
cepts of operations to provide agencies with guidance on the best alter-
native operations strategies for improving travel time reliability. A second 
project will develop a portfolio of innovative ideas, supported by accom-
panying proofs of concept, aimed at improving reliability. The intent is to 
undertake several small experiments or pilot studies to explore innovative 
ideas deemed promising for future application.

Potential Users, Incentives, and Barriers
The ultimate benefi ciaries of the products emerging from SHRP 2 Reli-
ability research will be commercial highway users, bus operators, and indi-
vidual motorists. Implementation of the majority of these products will lie 
in the hands of those agencies responsible for active and safe operation of 
the nation’s highways. These users of Reliability products can be divided 
into four broad groups according to the scope of their interest: (a) leaders 
of transportation agencies are concerned primarily with strategic issues 
related to transportation and its role in the economy and society; (b) tech-
nical staff of transportation agencies are focused on delivering transpor-
tation programs and services to their customers within legal, regulatory, 
and fi nancial constraints; (c) nontransportation professionals with some 
relationship to transportation operations usually have very different scopes 
of responsibility, such as law enforcement, fi refi ghting, or management of 
a special event venue; and (d) researchers and analysts are interested in 
understanding transportation operations and in developing innovative 
approaches to meet operational challenges.

Leaders of transportation agencies represent an important user group. 
Support for reducing congestion by managing nonrecurring incidents 
must come from directors of state and local transportation agencies, who 
in turn must convince political leaders to provide the necessary resources. 
Transportation leaders are potential users of a small but critical set of prod-
ucts: business process and institutional structures for travel time reliability 
and incident management, and performance monitoring systems. Incen-
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tives for the implementation of SHRP 2 Reliability products by these users 
include providing better service to their customers, getting the most out of 
existing infrastructure through better management of operations, justify-
ing resource requests, and basing organizational decisions and priorities on 
better information. On the other hand, barriers to implementation for this 
group can be formidable. These are busy individuals; they may fi nd it dif-
fi cult to devote the time required to delve into the concepts and benefi ts of 
better incident management. There are few if any quick fi xes for a complex 
system. Benefi ts will take time to accrue and may be experienced to varying 
degrees in different parts of the highway system. In competition for limited 
resources, the building of new facilities often has an edge over manage-
ment of operations because construction of new highway capacity appears 
to provide a more direct solution to congestion. Although new construction 
is sometimes the right approach, agency leaders may feel pressured to focus 
resources on building even when operations techniques could provide a 
more cost-effective answer.

Technical staff of transportation agencies are the largest group of potential 
users of Reliability products. Within this group are subgroups with particu-
lar technical roles that correspond to different products. Planning staff will 
be able to use the planning models that incorporate travel time reliability 
factors developed under SHRP 2. Design staff and the consultants who work 
with them will use the Highway Capacity Manual and the AASHTO Policy on 
Geometric Design as modifi ed by results of the SHRP 2 research. Operations 
and planning staff will be able to utilize the travel time monitoring systems 
designed under the program. The results of the driver behavior research 
will be useful to traffi c engineers and public safety offi cials in improving 
traffi c control for work zones and special events; incident managers will be 
able to develop better response techniques in such areas as vehicle place-
ment and lighting. Incident response professionals would also benefi t from 
joint training in safe and effi cient procedures at incident scenes.

Highway agency staff members are not the only transportation profes-
sionals concerned with travel time reliability. Managers and operators of 
bus systems have a large stake in this aspect of highway performance. Bus 
scheduling depends on reliable expectations regarding travel time on spe-
cifi c routes. Nonrecurring events adversely affect bus riders as much as 
automobile drivers; bus riders want timely and accurate information about 
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travel times in terms of bus arrivals at their origin and destination stops. 
Private-sector freight haulers are concerned about travel time reliability 
as well and are potential users of SHRP 2 Reliability analysis and planning 
products.

Despite the technical differences among these potential users, they 
share similar incentives and barriers to implementation of SHRP 2 prod-
ucts. Their main incentive is better quality in their respective areas of work 
and more effi cient use of resources as a result of more solid foundations 
for decisions and better analysis, planning, and design tools. Field staff will 
experience greater safety and better coordination because of clear, consis-
tent guidelines. Nevertheless, there are barriers to implementation. Trying 
any new technology or changing established procedures can be diffi cult and 
risky. Demonstrations and pilot tests using innovations on real projects will 
be necessary to convince these professionals that the innovations are more 
than just a good idea. Personnel constraints pose another major barrier. 
Most transportation agencies have been experiencing declining staff levels. 
Employees are often so busy that they fi nd it extremely diffi cult to take time 
to be trained in new methods. However, a wise manager will often consider 
the potential benefi ts of innovation to be more than adequate justifi cation 
for time spent in training. A more diffi cult challenge occurs when an inno-
vation requires such a different skill set that new employees are needed. 
Some agencies will face such a need for new staff and be unable to obtain 
the authorization to make these hires.

Another signifi cant barrier is lack of data. Effective use of SHRP 2 prod-
ucts, such as programming and planning models or systems for monitoring 
travel time reliability, will require jurisdiction-specifi c data so that accu-
rate analyses can be performed. Although states collect a great deal of data 
on their highway systems, they do not all collect all the data needed for effec-
tive system management because of resource constraints. Local transporta-
tion agencies typically are even more resource constrained when it comes to 
personnel, training opportunities, and data collection. SHRP 2 research 
products will include advice on how to work with limited data sets. On the 
positive side, data are increasingly available for purchase from the private 
sector. Perhaps the largest potential barrier to implementation for the tech-
nical staff of transportation agencies is a lack of high-level awareness of the 
benefi ts of operational management approaches to congestion mitigation—
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a point discussed above in identifying transportation agency leaders as the 
fi rst set of potential users of SHRP 2 Reliability products.

Although the barriers described above are formidable for state transpor-
tation agencies and even more so for local agencies, the incentives for these 
agencies to improve travel time reliability are signifi cant given the impact 
of nonrecurring congestion in rural and urban areas both large and small. 
In urban areas, well over half (58 to 67 percent) of all congestion can be 
attributed to nonrecurring congestion; in rural areas, this fi gure rises to 
98 percent (see Figure 4-1).

Management of incidents and special events as a strategy for congestion 
mitigation involves an array of nontransportation professionals mentioned 
earlier, including police, fi refi ghters, tow truck operators, emergency 
medical personnel, and special event sponsors. The effectiveness of some 
Reliability products will be highly infl uenced by the degree to which these 
other groups are involved in their implementation. The most salient 
example of this point relates to the incident response training that SHRP 2 
will produce. This project is developing training for all potential incident 
responders—police, fi refi ghters, emergency medical personnel, tow truck 
operators, and transportation agency personnel—in a consistent set of 
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procedures designed to promote safety and operational effi ciency. The 
training is not intended to replace specialized training received by each 
of these groups but to supplement that training by focusing on behaviors 
and activities common to all responders, such as proper traffi c control, use 
of refl ective gear, and safe behavior near high-speed traffi c. The need for 
this training is clear when one considers that in 2006, 43 percent of fatali-
ties among police, fi refi ghters, and emergency medical personnel resulted 
from transportation incidents (BLS 2006, Table A-6). Indeed, improved 
responder safety is the main incentive that incident response groups will 
have to participate in the training produced by SHRP 2. Public safety pro-
fessionals are also interested in effective incident management to reduce 
the risk of secondary crashes, which account for 14 to 18 percent of all 
crashes and cause 18 percent of freeway deaths (studies cited by Zhou and 
Sisiopiku 1997).

Nontransportation practitioners may become involved as well in imple-
mentation of the results of the SHRP 2 research on institutional structures 
and future concepts of operations. In both of these areas, greater inter-
action and coordination are envisioned among public and private organi-
zations to improve management of incidents and special events so as to 
reduce nonrecurring congestion. Better interaction among responders can 
also improve working relationships when emergencies unrelated to traffi c 
incidents occur.

Finally, private-sector providers of traveler information should fi nd use-
ful the results of the SHRP 2 research on how drivers use traveler informa-
tion. The main barrier to implementation of SHRP 2 Reliability products 
by nontransportation professionals will be the diverse institutional cultures 
involved and the diffi culty of getting these disparate groups to cooperate 
toward a common goal. Confl icts related to operational authority can arise 
among police, fi re, medical, and transportation organizations. Each group 
may also assume that there is nothing to learn from outside its own commu-
nity. In some cases, there may even be laws or regulations that limit certain 
forms of cooperation. Mechanisms to facilitate the necessary interorgani-
zational coordination and cooperation need to be developed.

The SHRP 2 Reliability focus area will produce an archive of data on travel 
time reliability and the effectiveness of methods for improving reliability 
that can be tapped by researchers and analysts seeking to develop additional 
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improvements and innovations. Data on driver behavior will be of interest 
to both traffi c operations and safety researchers. The SHRP 2 project on 
future concepts of operations will undoubtedly generate many innovative 
ideas on how to achieve future goals. Data and information tend to provide 
adequate incentive for researchers and analysts; they generally need little 
encouragement to analyze data. However, access to the data could pose a 
barrier. The archive of Reliability data must be retained in an easily usable 
format. Some data sets may include proprietary data or private information 
concerning individual citizens that may require special safeguards against 
inappropriate use.

conclusion

Congestion is a diffi cult and complex problem. A realistic and effective 
way to address the problem is to better manage the incidents that produce 
nonrecurring congestion and mitigate the associated impacts. These inci-
dents, which include crashes, work zones, special events, and inclement 
weather, can increase congestion signifi cantly and unexpectedly. Reducing 
this unpredictability is the focus of SHRP 2 research on travel time reliabil-
ity. The benefi ts of this research, if it is effectively implemented, include an 
overall decrease in congestion; increased safety for motorists and incident 
responders; and savings of time, money, and fuel emissions. These benefi ts 
will prove of signifi cant value to society and the nation’s economy, but only 
if suffi cient resources for implementation are made available.
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SHRP 2 Capacity program goal: To develop approaches and tools for system-
atically integrating environmental, economic, and community requirements 
into the analysis, planning, and design of new highway capacity.

Growth in automobile and truck vehicle miles traveled has consumed 
much of the road capacity constructed during the Interstate era; major 

forces described in Chapter 1 are at work in some areas of the country demand-
ing more transportation capacity. Much of this capacity will be provided 
by highways, even with aggressive transit investment and more aggressive 
management of existing highways through value pricing, improved traveler 
information, in-vehicle telematics, removal of bottlenecks, and ramp meter-
ing. Creating new highway capacity will have signifi cant environmental and 
social impacts. Without changes, additional travel will exacerbate the nation’s 
oil importation problems, increase greenhouse gas emissions, affect wildlife 
habitats, and disrupt communities. The public will insist on a convincing 
environmental, economic, and social justifi cation for the investment required 
to expand highways—including demonstration that all of the capacity pos-
sible has been obtained from existing highways and arterial streets—and on 
a heightened level of environmental stewardship by highway agencies.

shrp 2 capacity research

SHRP 2 Capacity research projects address the above challenges. Sup-
port from many players is required to build a new highway or complete 
a major capacity expansion. Collaborative decision making is essential 
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to success, supported by an effective strategy for enhancing the envi-
ronment, improving economic vitality, and achieving social goals (see 
Box 5-1). Also needed are tools for estimating the outcomes of decisions 
and communicating those expected outcomes to the public and deci-
sion makers. Implementation of the results of these efforts will require 
commitment to change by the nation’s departments of transportation 
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Box 5-1

grand rapids, michigan, us-131 s-curve replacement

This project is an example of a collaborative decision-making process in which 
the Michigan Department of Transportation (MDOT), the Grand Valley Metro 
Council (a metropolitan planning organization), the chamber of commerce, local 
Indian tribes, adjacent property owners, and commuters formed a partnership for 
compromise and success.

In 1998 MDOT discovered that a pier supporting a downtown bridge was 
sinking. An “as is” replacement strategy was not acceptable to the community; 
many preferred to have the S-curved bridge straightened for safety and capacity 
reasons. This solution was not feasible because of cost and right-of-way con-
straints. MDOT proposed a widened, safer, and more aesthetically pleasing 
S-curve structure, with demolition and reconstruction being accomplished in 
one season. Businesses and the public compromised on the design but felt that 
the one-season plan was tantamount to closing the downtown area. MDOT ini-
tiated an extensive and transparent community involvement program, developed 
an aesthetic look for the bridge, identifi ed detour routes early on, and responded 
carefully to comments and questions. MDOT fi t the new structure into the original 
right-of-way; an environmental assessment revealed that this approach would allow 
the project to avoid a lengthy environmental impact analysis, an estimated 7-year 
process. Extensive archeological and historic preservation issues still arose, but they 
were addressed successfully in the environmental assessment.

Through collaboration on the design concept, aesthetic appeal, environmental 
strategy, and construction schedule, a wider, safer, and more pleasing structure 
was built with the available budget. Within 33 months of the detection of a sinking 
bridge pier, a new bridge was opened to traffi c. The project won the National Quality 
Initiative Bronze Award for partnering in 2000.

SOURCE: Grand Rapids, Michigan, US-131 S-Curve Bridge Replacement (case study 
prepared for SHRP 2 Project C01 by ICF International, 2008).



(DOTs), metropolitan planning organizations, zoning authorities, and 
resource agencies.

The SHRP 2 Capacity focus area comprises projects in four theme 
areas: (a) elements of collaborative decision making, (b) an ecological 
approach to surface environmental protection, (c) improved tools for 
analysis of travel behavior, and (d) tools for estimating the economic 
impacts of highway investment. These four theme areas are the basis 
for strategic packaging of the results of multiple research projects. The 
fi rst theme area encompasses the central product of SHRP 2 Capacity 
research: the Collaborative Decision-Making Framework (CDMF). The 
other three theme areas address particular types of tools or data that 
support the CDMF but also may be used as independent products. A 
list of projects in the Capacity focus area and corresponding products is 
provided in Appendix B.

promising products, and potential users, incentives, 
and barriers

The results of individual Capacity projects will have their own benefi ts for 
those interested in those particular topics. However, the end product of 
Capacity research will be nothing short of systematic integration around 
key decision points of practice whose value has been demonstrated in 
applications over the past 15 to 20 years: providing for interactive public 
involvement and for consultation among affected agencies; incorporat-
ing more environmental work into planning and successfully navigating 
the National Environmental Policy Act (NEPA) and permitting processes; 
introducing an environmental stewardship culture into transportation 
agencies; embracing an ecological approach to the environment; seri-
ously looking at improved highway effi ciency through operations, tele-
matics, and pricing; communicating the economic benefi ts of highways 
in a more compelling and transparent way; and dealing with public–
private partnerships. Accomplishing this amounts to rewriting the book 
on transportation planning to refl ect collaborative decision-making prin-
ciples. The fi nal product will be an integrated, web-based product orga-
nized on the basis of key decision points in the process for delivering new 
highway capacity.
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Box 5-2

the san antonio kelly parkway

An 8.8-mile, four-lane, limited-access parkway was proposed in southwest San 
Antonio to spur economic redevelopment of the former Kelly Air Force Base by 
providing access to an inland port and improving linkage of the former base to the 
regional highway network. Community leaders saw the project as a redevelopment 
opportunity that would relieve truck congestion and bring economic opportunities 
to the low-income south side of the city. However, organized opposition developed 
in the largely Hispanic neighborhoods along the route. The project team worked 
with the community to select a parkway-style limited-access road that would use the 
alignments of existing roads and railroads to minimize community impacts.

More than 100 stakeholder meetings were held. Issues addressed included envi-
ronmental justice, safety, transportation of hazardous materials, and concern that 
construction would release groundwater contaminants known to be on the base. A 
breakthrough occurred when a long-standing faith-based community organization 
became supportive because the problems could be fi xed and the economic benefi ts, 
improved connectivity, and beautifi cation opportunities were great.

A record of decision was signed in 2006. Although the project is currently on hold 
pending funding, it represents an example of integrated planning, creative use of exist-
ing rights-of-way, economic redevelopment, and proactive community involvement.

SOURCE: The San Antonio Kelly Parkway (case study prepared for SHRP 2 Project C01 
by ICF International, 2008).

Collaborative Decision-Making Framework1

The essence of the CDMF is having the right people at the table at the right 
time with the right information (see Box 5-2). Achieving this requires con-
tinual attention because the transportation decision-making process com-
prises many individual steps. Key decisions are those points in the process 
where the general work activities need review and approval from higher 
levels of authority or where consensus needs to be reached among diverse 
decision makers before the project can advance. For this reason, key deci-
sions most often occur in the policy decision-making process. Key decision 
points, therefore, represent only a portion of the overall decision-making

1 This description of the CDMF is adapted from material provided by SHRP 2 Capacity contractor 
ICF International.



process, but these points effectively link existing planning and project 
development processes and practices. Many key decision points are com-
mon among transportation agencies. Some are defi ned by law, while others 
have arisen through convention or through adoption of good practices. 
Because state laws and regulations vary, the individual work activities that 
link and feed key decision points can be different from state to state.

SHRP 2 is developing the CDMF to identify key decision points in four 
phases of transportation decision-making processes:

1. Long-range transportation planning,
2. Corridor planning,
3. Programming, and
4. Environmental review and permitting.

The CDMF incorporates overall context-sensitive solution (CSS2) and 
project management principles and is built on a set of design goals estab-
lished by SHRP 2. The design goals provide the following guidance:

• Establish a collaborative decision-making approach that identifi es par-
ticipant roles and responsibilities at each key decision point and includes 
(a) early and ongoing involvement of formal decision makers and individu-
als with the potential to signifi cantly affect the timely and cost-effective 
delivery of transportation improvements and (b) a tiered decision-making 
approach to capacity improvements that encourages binding decisions at 
the earliest possible point.

• Encourage timely and cost-effective project delivery through a process 
that (a) ensures transfer of information and decisions between phases; 
(b) encourages early and comprehensive agreement on data sources, level 
of detail, evaluation criteria, and performance measures; and (c) establishes 
a comprehensive and proactive risk management strategy.

2 The Center for Environmental Excellence of the American Association of State Highway and Trans-
portation Offi cials defi nes CSS as follows: “Context sensitive solutions is an approach to advancing 
transportation programs and projects in a collaborative manner and in a way that fi ts into the com-
munity and environment....[T]he concepts of CSS [go] well beyond the design process to include all 
phases of program delivery, including long-range planning, programming, environmental studies, 
design, right-of-way, construction, operations, and maintenance.” http://environment.transportation.
org/environmental_issues/context_sens_sol/ #bookmarksubWhatisCSS.
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• Encourage a decision-making approach that evaluates transportation 
needs within broader community and environmental contexts; integrates 
land use planning and development policy, capital improvement planning, 
and protection and enhancement of the human and natural environments; 
and addresses sustainability issues to the extent possible so as to support 
community vision and goals.

• Encourage consideration of a wide range of options for addressing 
capacity problems during the planning phase of decision making, as well 
as early and ongoing incorporation of operational elements as a part of the 
overall decision-making approach.

• Establish a decision-making approach based on fulfi lling the intent of 
legal and regulatory requirements while providing implementation fl exibil-
ity and adaptability consistent with the design goals.

The CDMF is intended to be readily available to all practitioners who 
wish to implement a collaborative decision-making approach, whether 
throughout the entire transportation decision-making process or only in 
specifi c areas. For this reason, the ultimate vision is for the framework to be 
accessed through a web-based tool. The architecture of the CDMF is being 
designed with this vision in mind. The structure of the CDMF encompasses 
a series of portals through which increasingly detailed information can be 
retrieved for each key decision point, fi rst at the entry level and then at the 
practitioner level.

Figure 5-1 is a schematic of the CDMF entry level, illustrating how a user 
can access information through a series of portals where one or more key 
decision points occur. The fi gure illustrates the upper-level steps in deci-
sion making, as well as how the individual phases relate to one another. A 
design goal listed above is “timely and cost-effective project delivery.” One 
of the choices a user of the framework will need to make is which steps to 
conduct in parallel rather than in sequence and what risks are entailed. The 
web-based product is being designed to help practitioners select a strategy 
for a particular capacity enhancement that will avoid redo loops, success-
fully hand decisions forward in the process, establish an interactive link 
between planning and project development, engage the community at the 
right time, and ensure that the transportation decision-making process 
includes the larger goals and visions of the region. The intent of the CDMF 
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is to help practitioners determine the best transportation solution by engag-
ing the community effectively and ensuring environmental stewardship. 
The community visioning process illustrated in Figure 5-1 is recommended 
as a best practice to ensure that the transportation decision-making process 
refl ects the larger goals and visions of the region.

Although Figure 5-1 provides a concise overview of the CDMF, transpor-
tation practitioners will need specifi c information at each key decision point 
to consider implementation of the collaborative decision-making process. 
A CDMF practitioner-level version will provide access to the full extent of 
information available at each key decision point, including the following:

• The purpose and outcome of the key decision point;
• Decisions made at each step;
• Roles and responsibilities of the formal decision makers;
• Roles and relationships of stakeholders and project champions;
• Supportive data, tools, and technology;
• Related infl uential processes and subprocesses;
• Primary products of this step;
• Associated best practices; and
• Linkage to other SHRP 2 Capacity research, such as the Performance 

Measurement Framework and case studies on economic impacts of trans-
portation investments.

Other community and environmental planning processes are external 
to but have an impact on transportation decision making. Examples are 
economic development plans, wildlife action plans, watershed plans, open 
space and recreation plans, land use plans, air quality plans, and greenhouse 
gas initiatives. Within the CDMF, these processes are identifi ed as subpro-
cesses or infl uencing processes. While subprocesses have a direct effect on 
transportation decision making through certain critical-path steps, other 
external processes, such as the development of wildlife or watershed action 
plans, strongly infl uence transportation decision making; best-practice col-
laboration would engage these processes as well.

The integrated web-based tool that represents the ultimate vision for 
use of the CDMF will allow users to enter the framework at any point and 
follow a topic of interest through all the available information. Results of 
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individual SHRP 2 Capacity research projects will be synthesized and 
condensed in a fi nal user-oriented product with links to full-text source 
material supported by examples and illustrations. This is essentially a new 
collaborative planning tool focused on decisions, not process.

Implementing the CDMF will require a number of elements. A case for 
change must be made; that is, state DOTs and metropolitan planning orga-
nizations must recognize that there are problems with the current way in 
which highways are delivered with respect to the public acceptability of 
design solutions, excessive delays, and diffi culty in achieving consensus and 
support on community and environmental issues. Highway-owning agen-
cies will need to adopt a risk management philosophy that considers it wise 
to invest in building consensus up front so as to be more effi cient down-
stream by avoiding rework, revisiting of alternatives previously dismissed, 
and other delays. Agency champions must come forward to demonstrate 
the benefi ts of doing business in the new way. Representatives of highway 
and environmental resource agencies must be involved in designing the 
research products that address problems. A brand name may need to be 
developed for the CDMF. And last, but defi nitely not least, an entity must 
be identifi ed and funded to own, maintain, and update the tools that form 
the CDMF in much the same way that the Highway Capacity Manual and the 
American Association of State Highway and Transportation Offi cials’ Policy 
on Geometric Design have ownership structures and updating mechanisms.

Incentives to implement the CDMF stem from its two principal benefi ts. 
First, it promises to produce better decisions on transportation projects 
by bringing the right people and information together at the right time 
and by preserving decisions and reasoning from one stage to the next. Sec-
ond, decisions are likely to be made more quickly because of this integrated 
approach, which promotes smoother and more timely fl ow of information 
and reduces the need to revisit earlier stages. The CDMF can be expected to 
have the additional benefi t of improving a transportation agency’s relation-
ships with its partners and stakeholders by promoting more transparent 
communication and decision making.

A number of barriers to implementation of the CDMF can be anticipated. 
First, the CDMF could be perceived as a one-size-fi ts-all solution. It must 
be emphasized that the CDMF is a framework, not a specifi c process. Any 
user who agrees with the framework’s essential approach—collaborative 
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decision making that integrates social, economic, environmental, and tech-
nical considerations—can use as much or as little of the CDMF as desired. 
The framework is designed to address all legal requirements and to be com-
patible with established processes in different agencies.

There are also costs associated with implementing the CDMF in states 
and metropolitan planning organizations. More staff time may have to be 
devoted to public engagement and early strategizing with resource agen-
cies. This is really the cost of a risk management strategy: spending more 
up front to build consensus makes it possible to avoid much greater costs 
downstream associated with delay and rework.

Another potential barrier to implementing the CDMF is insuffi cient data 
in some jurisdictions. The CDMF is predicated on having the right informa-
tion at each stage; if the information is not available, the effectiveness of 
the framework may be compromised, at least in particular jurisdictions or 
for specifi c key decision points. An agency can use parts of the CDMF for 
which it has the appropriate data and expand its use of the framework as it 
acquires additional data.

Ecological Approach to Surface Environmental Protection
The Federal Highway Administration (FHWA) document Eco-Logical pro-
vides the conceptual foundation for the projects in this group. Eco-Logical 
recommends integrated conservation plans and mitigation activities that 
transcend individual agency jurisdictional boundaries and encourages an 
outcome-based ecosystem approach to conservation. Eco-Logical was signed 
by FHWA and eight other federal agencies with environmental responsibili-
ties that are on the critical path to expansion of highway capacity. As such, it 
provides an excellent springboard for developing an ecological approach to 
conservation and mitigation that should help in achieving public consensus 
as part of the collaborative decision-making process. Box 5-3 provides an 
example of such an ecological approach.

The products of the SHRP 2 projects in this area will be an ecosystem-
based credits system, business model, and guidelines designed to enable 
conservation banking or other strategies to rise above resource-by-resource 
mitigation. The research plan envisions the use of a multiagency advisory 
body to guide the work and build support. This work may form the basis 
for future revision of regulations pertaining to wetlands and habitats. The 
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intent is to develop a scientifi cally sound system of credits or programmatic 
strategies that can provide a means to implement a multiagency ecological 
approach for protecting and conserving the environment.

Despite the interagency consensus refl ected in Eco-Logical, current prac-
tices and procedures developed in response to regulations and laws dictate 
that resources be considered individually. To put the ecological approach 
into practice, it will be necessary to develop scientifi cally sound solutions 
to the following issues, which are addressed in SHRP 2 research:

• Defi ning environmental functions and quality of wetlands and assign-
ing credit values;

• Defi ning environmental functions and quality of habitats and assigning 
credit values;

Box 5-3
california multiple project conservation for species 
of concern

This project is one of many examples of success reported in Eco-Logical:

FHWA, California Department of Transportation (Caltrans), and several local trans-
portation agencies are planning five interchange improvements on Interstate 10. 
These improvements will impact sand dune habitat that houses two listed species 
of concern: the Coachella Valley fringe-toed lizard and milk vetch. Rather than 
develop discrete conservation measures for each project, the participating agen-
cies have developed a mitigation strategy for the five interchange projects that 
will be carried out as each project goes through the environmental process. As 
a result, the U.S. Fish and Wildlife Service will issue a Programmatic Biological 
Opinion for the five interchange projects, which will expedite project delivery. 
Participating agencies are preparing a draft cooperative agreement and will begin 
acquiring land from willing sellers as soon as each project completes its environ-
mental document. Approximately 1,800 acres will be conserved for the fi ve projects. 
(Brown 2006, 53)

This project is an example of considering the ecology of a large region to protect the 
habitat for at least two species of concern. The interchange construction projects 
were expedited, and the sensitive land was protected in perpetuity.
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• Designating service areas that are suffi ciently fl exible so that critical mass 
habitats and ecosystems can be developed, preserved, or enhanced; and

• Developing a method to demonstrate that the ecosystem approach and 
credits satisfy the various statutes and regulations that apply.

The main incentive behind the projects in the ecological theme area is to 
preserve and improve the natural environment in the process of providing 
new highway capacity. The products of this research can be used on their 
own, but their benefi ts are most apparent in the context of the CDMF. Spe-
cifi c products include methods and procedures for interagency environ-
mental cooperation and science-based approaches to habitats, wetlands, 
and endangered species—the kinds of tools that support collaborative 
decision making around key decision points pertaining to environmental 
protection.

There are several conditions for successful implementation of the eco-
logical approach:

• Awareness among regulatory agencies of acceptable regulatory inter-
pretations. A narrow interpretation of a regulation may preclude a benefi -
cial ecological practice.

• Willingness of transportation agencies to embrace a broader role in 
environmental stewardship. This requires developing a business case for 
doing more than is strictly required by regulation.

• Willingness of affected agencies to pursue changes to accepted practices 
that may be needed to implement an ecological approach.

To fully attain the benefi ts of research in this theme area, it will be neces-
sary to overcome any potential perception on the part of environmentally 
interested parties that SHRP 2 tools will adversely infl uence hard-won regula-
tions addressing wetlands and endangered species. This can be accomplished 
by ensuring that consensus exists on the underlying science that supports 
the research products. In addition, road owners will have to demonstrate 
a commitment to multipurpose conservation and avoidance of sensitive 
environmental areas. It will probably be necessary to show that the envi-
ronment is not only unharmed but actually better off with the highway than 
without it.
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Another barrier to implementation of the ecological approach is the large 
number of agencies involved. Systematic attempts to engage all these stake-
holders have begun in the research phase of SHRP 2 and must be carried 
on throughout implementation. As in the other areas of Capacity research, 
a lack of data can also hinder an agency’s ability to fully utilize some of the 
ecological tools produced.

Improved Tools for Analysis of Travel Behavior
Current travel demand models and static networks are inherently incapable 
of analyzing the questions being asked today about traveler responses to tolls 
and congestion, the behavioral impacts of travel time variability, the relation-
ship between transportation and land use, and the air quality and greenhouse 
gas consequences of capacity-enhancing transportation proposals (TRB 
2007; see Box 5-4).3 To address these issues, FHWA and about 10 states and 
metropolitan planning organizations have invested in the new generation of 
activity-based travel demand models; both FHWA and private entities have 
developed time-sensitive network software. However, no one has successfully 
integrated advanced models and time-sensitive networks and demonstrated 
that they can actually perform as intended. The result is hesitancy to move 
forward. SHRP 2 will act as a catalyst to advance the state of modeling prac-
tice by partnering with one or two agencies already using advanced models. 
SHRP 2 will provide additional support to assist these agencies in completing 
a model set, using some SHRP 2 products, and in conducting prespecifi ed 
sensitivity tests. The nominal product of this effort will be reports describing 
the methods and the degree to which the sensitivity tests demonstrate the 
value of this approach. The most valuable outcome will be demonstration of 
success to states and metropolitan planning organizations so they perceive 
less risk and can adopt the new methods with confi dence.

3 Special Report 288: Metropolitan Travel Forecasting: Current Practice and Future Direction (TRB 2007) 
recommends federal funding to support the adoption of advanced models by transportation forecast-
ing agencies, a national travel forecasting handbook, a supportive research program, a peer review 
structure, model user groups, and studies of the effi cacy of advanced models. SHRP 2 is conducting 
research that will advance the recommendations of Special Report 288 by examining the effi cacy of 
advanced models and time-sensitive networks with respect to congestion, shift in time of travel, 
shift in route, response to tolls, response to smart-growth policies, and inputs from evaluation of 
greenhouse gas emissions. Other recommendations in Special Report 288 have been considered in 
proposing an implementation approach for the products of this theme area.
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SHRP 2 projects in this theme area are also developing the mathemati-
cal relationships among motorist behavior, pricing, and congestion. The 
results of this work are intended for use in travel demand models. Another 
project will demonstrate the effects of highway management strategies on 
sustainable highway throughput in peak conditions. These results will be 
applied in a modeling and operations environment.

The ability to obtain answers to these diffi cult planning questions is the 
main incentive for using these SHRP 2 products. However, a number of 
potential barriers to implementation of these products exist. Implementa-
tion of a new generation of transportation models and time-sensitive net-
works will require investments in software, updated travel surveys, and staff. 

Box 5-4

assessment of transportation planning models

Special Report 288: Metropolitan Travel Forecasting: Current Practice and Future Direc-
tion, released by the National Research Council, describes the reasons why a strategic 
approach to capacity enhancement must address travel demand models and net-
works. Critiques of the ability of the current modeling process to address the issues 
with which metropolitan planning organizations must deal are numerous. On the 
demand side, the process is not behavioral; that is, it is not well suited to representing 
travelers’ responses to the complex range of policies typically of interest to today’s 
planners. On the supply side, the process cannot represent dynamic road condi-
tions. The following are among the issues that the current, widely used metropolitan 
demand forecasting process cannot adequately characterize (TRB 2007, 67):

• Road pricing, including high-occupancy toll lanes;
• Time-specifi c policies, such as parking, work schedules, or scheduling of truck 

deliveries;
• Hourly speeds or traffi c volumes;
• Improvements in traffi c operations;
• Nonmotorized travel;
• Peak spreading and highly congested networks; and
• Goods movement.

Taking full advantage of new and existing road space requires the ability to analyze 
these aspects of highway capacity alternatives.
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The fi rst challenge is communicating the results of SHRP 2 research and 
fi eld demonstrations to the many organizations involved in transportation 
planning at the state, regional, and local levels. Numerous dissemination 
structures exist. The Transportation Research Board (TRB) has at least six 
standing committees concerned with travel analysis methods, as well as a 
task force on implementing advanced models; an ad hoc group of stakehold-
ers exists for the same purpose. The Association of Metropolitan Planning 
Organizations has a committee on travel demand modeling. The effective-
ness of communication efforts will depend on translating the results of 
SHRP 2 demonstration projects into actionable items for each city and state.

The perception exists that advanced models and networks are needed 
only by large urban areas or states. However, almost all areas are being 
forced to rely less on construction and more on management of highways, 
which requires advanced techniques. Unfortunately, there is a limited pool 
of expertise in advanced models and networks, and successful implemen-
tation will require widespread development of such expertise. The lack of 
trained staff and funds to collect the data needed to support the advanced 
models is a signifi cant barrier to implementation.

Economic Impacts of Highway Investments
This theme area addresses analysis of the economic impacts of highway 
capacity expansion. While techniques and software tools for this task 
abound, a lack of transparency makes it diffi cult to communicate results 
to decision makers and the public (Box 5-5 provides an example of these 
challenges). One project in this theme area will conduct before-and-after 
case studies built on a typology of conditions that includes type of highway, 
location on an urban–rural scale, and type of area (e.g., growing sunbelt 
city). The case study background will include unique conditions that may 
be associated with an impact, such as industrial development policies or 
tax incentives. A practitioner’s handbook will be developed that will make 
development impacts more transparent to noneconomists and provide the 
basis for approximation of impacts by analogy. A second research project 
will develop improved economic analysis tools and integrate these tools 
with the case-based reasoning tools produced by the case study research.

Implementation of the results of research in this theme area will benefi t 
from coordination with a number of existing organizations and groups. For 
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example, TRB has a Committee on Transportation and Economic Develop-
ment. The National Association of Regional Councils is also active in this 
area, and there are associations explicitly devoted to economic develop-
ment professionals. Most states and cities have an economic development 
group, but they do not necessarily communicate regularly with transporta-
tion planners and engineers. There is fertile ground here for communica-
tion and outreach. Implementation mechanisms may emerge from the case 
study research since it will involve 50 or more cases. TRB’s Committee on 
Transportation and Economic Development, in conjunction with FHWA 
and others, sponsors a major research conference every few years. One 
of these conferences may be an appropriate opportunity to showcase the 
results of SHRP 2 work in this area.

The greatest barrier to implementing products of research in this theme 
area is the inherent complexity of the topic and the lack of transparency 
of traditional tools. The data-based, econometric approach yields answers, 

Box 5-5
using case studies and meta-analysis to inform the public 
and decision makers

The California Department of Transportation (Caltrans) was planning a number 
of new highway bypasses to relieve congestion in local communities. However, 
agency planners understood that these types of projects are often controversial, 
with some civic leaders supporting them and local business leaders expressing 
concern about loss of sales. In the past, a lack of information often had led to 
un realistic fears and expectations. To address this problem, Caltrans staff spon-
sored a study to improve basic knowledge about the impacts of bypasses on the 
economic health of small towns. The study compiled state and national informa-
tion covering more than 200 built bypass projects to assess actual before-and-after 
experiences and factors affecting those outcomes. The project team then developed 
a spreadsheet tool—the Highway Bypass Impact model—that applies this informa-
tion to help forecast potential economic impacts of planned future bypasses. Cal-
trans staff will be using the study fi ndings and analysis tool to enhance the ability 
of local residents and offi cials to make judgments about likely impacts of proposed 
projects on their communities.

SOURCE: System Metrics Group et al. 2006.
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but decision makers and the public are not sure how much confi dence 
they can have in those answers. A second barrier is the sheer number of 
special-purpose analytical products now available. In effect, data are run 
through a chain of black boxes to yield an answer. The SHRP 2 products 
will be introduced into this environment, adding a case-based approach to 
the various existing analytical approaches. Extra effort will be necessary to 
demonstrate the reasonableness and transparency of the SHRP 2 tools.

conclusion

SHRP 2 Capacity research represents a bold effort to reimagine the way 
highway projects are planned and prepared for and to provide innovative 
tools that support the new approach embodied in the CDMF. Achieving 
the objectives of this research is critical to meeting mobility needs in the 
21st century in a socially and environmentally responsive manner. The 
barriers to successful implementation are not trivial, but it is diffi cult to 
imagine how highway capacity can be provided effectively without adher-
ence to a framework such as that described here. The availability of suf-
fi cient resources to integrate this framework into capacity planning at all 
levels will be critical to its successful implementation.
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This chapter articulates principles and key strategies for the implemen-
tation of SHRP 2 research products that serve as the foundation for the 

implementation approach presented in Chapter 7. The chapter begins by 
reviewing challenges and opportunities that serve as the context for the 
implementation of innovations in the highway industry. This is followed by 
a look at lessons learned from implementation of the fi rst SHRP. These les-
sons inform the ensuing discussion of principles and strategies for SHRP 2 
implementation.

innovation in the highway industry: 
challenges and opportunities

Innovation in the highway industry has been a subject of some interest over 
the past two decades (Bernstein and Lemer 1996; Bikson et al. 1996; Byrd 
1989; Civil Engineering Research Foundation n.d.; Gittings and Bagby 1998; 
Hodgkins 1989; Scott 1999; TRB 1994; TRB 1996; TRB 1999). The spread 
of innovations in the industry is characterized by a number of challenges and 
opportunities that must be understood in the context of the public policy 
decisions and trade-offs that characterize public infrastructure. Highways 
and roads are usually under the stewardship of the public sector, which owns 
and often operates them. However, the private sector has always played a 
signifi cant role as designers, builders, manufacturers, suppliers, and provid-
ers of fi nancial services; it is also playing an increasing role in operating the 
system through toll roads and high-occupancy toll lanes.

The traditional system of providing highway infrastructure emerged in 
response to several public policy goals: (a) to provide the infrastructure as 
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widely as possible, (b) to do so at a reasonable cost, (c) to apportion this cost 
in an equitable manner, (d) to allow for broad participation by the private 
sector in competing for highway contracts, (e) to ensure that qualifi ed con-
tractors win the jobs, and (f) to ensure that the price paid for their services is 
both fair to the contractors and a responsible use of public funds. This context 
helps explain some of the challenges to innovation in the highway industry:

• The decentralized nature of the industry: Fifty states and thousands of 
local governments own and operate highways, each having its own pro-
curement regulations, specifi cations, organizational structure, and specifi c 
scope of responsibility. There are also thousands of private fi rms of all sizes, 
from local to international, that provide products and services to these 
government entities. This characteristic of the industry slows widespread 
implementation. While efforts to centralize product testing and evaluation 
facilitate the use of innovations, they do not guarantee that individual state 
and local agencies will accept the results or use the products.

• The low-bid system: The practice of awarding highway contracts to the 
lowest qualifi ed bidder tends to leave little room for a contractor to intro-
duce innovation. If an innovation costs more, the contractor will not win 
the bid even if improved performance justifi es the greater cost. Innovative 
procurement approaches are being used, but they raise issues of risk allo-
cation, impact on the competitive position of some traditional or smaller 
fi rms, and potential misunderstanding by the public when contractors 
receive nontraditional payments (such as incentive payments) under such 
innovative schemes.

• Materials and methods specifi cations: Typically, the low-bid system uti-
lizes materials and methods specifi cations. These prescriptive specifi ca-
tions ensure that all bids are for the same end product and provide a basis 
for determining whether that product has been delivered. If an innovation 
fails to follow the specifi cations precisely, it is not allowed. A way to over-
come this diffi culty is to develop and use performance specifi cations that 
indicate the performance desired instead of prescribing the technologies 
to be used. However, it has been challenging to establish measures of per-
formance for complex, long-lived facilities.

• First-cost criterion: Traditionally, agencies have focused on the “fi rst 
cost” or construction cost of a facility in determining the low bidder. This 
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focus excludes the use of any technology that increases the fi rst cost even if 
it reduces the cost of maintaining and using the facility over its lifetime or 
reduces the user and social costs of the infrastructure. Attempts have been 
made to use life-cycle costs in comparing technologies, but such attempts 
have raised questions about how to calculate these costs. (Should user costs 
be included or just agency costs? How should the time value of money be 
treated?) Another diffi culty is more political in nature. If the amount of 
money available for highway work is fi xed for a given year, funding projects 
with higher fi rst costs means not initiating as many projects—or satisfying 
as many constituents—in that year.

• Prohibition of proprietary products: A related aspect of the procurement 
process is that proprietary products usually are not allowed because they 
limit competition and fail to conform to materials and methods specifi ca-
tions. There are usually some exceptions to rules against proprietary prod-
ucts, but these exceptions ordinarily allow the product to be used only once 
or in a limited number of cases. In addition, public agencies are often con-
cerned about product liability when they use (or allow their contractors to 
use) a proprietary product or one that does not adhere to clear standards, 
guidelines, or approvals from national entities such as the Federal Highway 
Administration (FHWA), the American Association of State Highway and 
Transportation Offi cials (AASHTO), or the American Society for Testing 
and Materials (ASTM).

• Risk management: Risk is inherent in trying anything new; some tech-
nological and methodological innovations can cause risk to be reallocated 
among stakeholders in a project. For instance, some innovative procure-
ment procedures (such as warranties and use of performance specifi ca-
tions) shift control over, and therefore responsibility for, product quality 
from the transportation agency to the contractor. Unwillingness or inability 
to accept increased risk can be an impediment to implementing an innova-
tive approach. Because of their responsibility to the public and the incen-
tive structure they face, highway agencies tend to be risk averse. At both the 
individual and agency levels, there is little reward for success in innovation, 
and there are potentially huge penalties for failure.

• Vested interests: In some geographic areas and some product catego-
ries, particular industries or fi rms exert signifi cant political infl uence over 
agencies’ technology choices, so that even a willingness to innovate will 
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be thwarted by pressure to use technologies offered by politically favored 
industries or fi rms.

• Staffi ng challenges: Transportation agencies nationwide have been 
experiencing staff reductions in recent years due to both political pressures 
to reduce the size of government and the retirement of the large cohort of 
employees hired to plan, design, and build the Interstate highway system. 
Decades of experience and expertise are being lost with these employees, 
who could have helped identify and implement the most effective innova-
tions. At the same time, many agencies fi nd it diffi cult to attract, train, or 
retain the expertise required to implement some new technologies because 
of salary differentials with the private sector, downsizing of public agencies, 
and outsourcing (TRB 2003). The combination of outsourcing of technical 
work, downsizing, and retirement of skilled workers and management can 
leave highway agencies lacking the experience and skills needed to recog-
nize, accept, and promote new ideas and innovations.

• Data challenges: The value of many new technologies is dependent on 
the availability of data in a wide range of areas, including planning, highway 
operations, asset management, environmental assets, agency and user costs, 
and safety. Transportation agencies often lack the data they need and cannot 
afford to collect, maintain, and update those data. In some cases, the data 
they have are partial, outdated, or incompatible with each other and with 
new management systems. When the data can be collected or purchased 
from the private sector, cost and privacy issues can be obstacles.

At the same time, the highway industry has a number of favorable charac-
teristics from the point of view of innovation. Most of these characteristics 
mitigate the highly decentralized nature of the community by facilitating 
the common pursuit of research and development (R&D) and providing 
mechanisms for information dissemination and learning:

• Federal–state partnership: For more than a century, FHWA (and its 
predecessor agency, the Bureau of Public Roads) has worked closely with 
highway agencies in the 50 states, the District of Columbia, and Puerto 
Rico. The federal agency’s ability to attract national expertise and support 
a wide variety of research, development, and technology transfer activities 
has provided a source of new ideas and support for their implementation 
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that are beyond the reach of many individual state agencies. The promulga-
tion of uniform standards for the Interstate highway system raised the level 
of highway quality for many jurisdictions.

• State–state partnerships: While each state has its unique needs, groups of 
states often pool funds to perform research that meets common needs. Some 
of these pooled-fund studies focus on research of interest to a specifi c region 
or subset of states and may leverage private and academic resources as well. 
FHWA supports pooled-fund arrangements by facilitating administration of 
the funding or by contributing additional funds. The National Cooperative 
Highway Research Program, established in 1962 and administered by the 
Transportation Research Board (TRB), carries out collective R&D activities 
under an arrangement that pools funds from all the state departments of 
transportation (DOTs). AASHTO also provides opportunities for states to 
leverage their technology investments. For example, through the AASHTO-
Ware program, states can pool funds to develop and support software pack-
ages they would otherwise have to support individually at much greater cost. 
AASHTO also promotes peer exchanges between states and coordinates the 
development of consensus standards and manuals, such as the Policy on Geo-
metric Design of Highways and Streets (the Green Book).

• University transportation programs: A network of programs across the 
country—some of which participate in the University Transportation Cen-
ters Program—supports basic and applied research yielding new knowledge 
of highway-related materials, technologies, methods, relationships, and 
behavior and prepares future transportation professionals. Many state DOTs 
have a close relationship with the universities in their states. University-based 
programs often provide a vehicle for broader collaboration with the private 
sector and local governments.

• TRB: A unique national collaboration exists through TRB in which pro-
fessionals from federal and state agencies, universities, and private fi rms 
work together to identify research needs, disseminate information, sponsor 
conferences and workshops, and carry out other activities that promote 
innovation in the transportation sector.

• Special-purpose strategic programs: The highway industry has sup-
ported a number of special research and technology programs, including 
the American Association of State Highway Offi cials Road Test, the fi rst 
SHRP, SHRP 2, and the Intelligent Transportation Systems Program, as 
specifi c needs or new opportunities have arisen.
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• Training and technology transfer programs: Federally funded programs, 
often matched by state funds, provide technology transfer and training to 
local governments and Native American tribes so that innovations devel-
oped at the federal and state levels can be disseminated to these local enti-
ties, which typically have little or no money to conduct their own R&D.

lessons learned from the original shrp

Two of the better known and more widely implemented results of the fi rst 
SHRP are the Superpave® system for designing asphalt pavements and a 
collection of methods and technologies that signifi cantly improved snow 
and ice control on roadways. By 2005, a little more than a decade after 
the research phase of SHRP 1 had ended, nearly all U.S. state DOTs, as 
well as several Canadian DOTs and other U.S. agencies, had implemented 
Superpave to some degree (see Figure 6-1), a remarkable penetration of 
innovation for this industry. This degree of implementation was projected 
in 1997 to provide $22.5 billion in savings for public agencies and highway 
users combined (FHWA 1997a). Half this level of market penetration for 
SHRP 1 snow and ice control products was projected to save $55 billion 
per year for agencies, not including improved safety and mobility for high-
way users (FHWA 1997b).

Activities that supported the implementation of these and other SHRP 1 
research products were administered by FHWA with funds authorized 
in the Intermodal Surface Transportation Effi ciency Act of 1991. During 
the time that specifi c funds were authorized for SHRP 1 implementation, 
FHWA played the lead role in overseeing, coordinating, encouraging, and 
facilitating widespread deployment of SHRP 1 results. The SHRP 1 imple-
mentation experience provides many examples and lessons that could be 
useful in planning the implementation phase for SHRP 2. These are catego-
rized below under research products, implementation agents, implementa-
tion mechanisms, and resources.

Lessons Learned from SHRP 1 Concerning Research Products
Recognize That Research “Findings” Are Not “Products”

Research results must be translated into products that a user wants to 
implement. This translation requires a constant revisualization of the prod-
uct; researchers are often not good at this step, so it is critical that users be 
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engaged early and often in the process. A research result will sometimes 
require additional adaptive research and often further development before 
a usable product is ready for implementation. Recognition of this possibility 
is important both for planning and budgeting and for managing the expec-
tations of users, who may believe that the research program has addressed 
issues that may not arise until real-world trials are attempted.

Recognize That SHRP Products Are Diff erent

In both the fi rst SHRP and SHRP 2, the objective has been to create “step 
function” rather than incremental or continuous improvement. This 
means that successful implementation of SHRP 2 results may be disrup-
tive to existing states of practice: users will be required to think differ-
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figure 6-1  superpave deployment in north america, 2005.
Source: TRB 2005.
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ently, act differently, and possibly organize their institutions differently. It 
is critical that potential users understand this up front and be persuaded 
that improvements derived from SHRP 2 products will be worth the work 
involved in implementing them. Some users will see the value immediately 
and step up to become lead implementers; others will feel that the change 
is unwelcome and unnecessary.

Create Strategic Packages

Key to visualizing a research product and its benefi ts is defi ning a product 
as a strategic grouping or packaging of multiple research results. Group-
ing related research results helps a user see how the research program as a 
whole has addressed an array of related concerns. It allows the user to focus 
on one system rather than a list of distinct products. Strategic packaging 
focuses on achieving a major objective of critical concern to the user rather 
than multiple subordinate objectives addressed by the individual research 
results. For example, the fi rst SHRP encompassed more than 30 individual 
research projects related to improving asphalt pavements, including design 
methods, standards, and various pieces of equipment. These were pack-
aged as one asphalt pavement design system—Superpave—that promised 
to save billions of dollars by increasing the life of asphalt pavements by 
50 percent. Sometimes strategic packaging is achieved through the use of 
brief tag lines that condense a complex set of issues into an easily visualized 
goal. For example, a variety of different innovations aimed at snow and ice 
control prior to a snowfall, including snow fences, roadway sensors, plows, 
and forecasting methods, were subsumed by the phrase “get in under the 
storm.” Similarly, the value of a wide array of materials, methods, and con-
tracting approaches for achieving rapid infrastructure renewal is intuitively 
grasped under the phrase “get in, get out, stay out.”

Lessons Learned from SHRP 1 Concerning Implementation Agents
Identify the Principal Implementation Agent Early

In the case of the fi rst SHRP, the principal implementation agent, FHWA, 
was not identifi ed until late in the research phase. FHWA received autho-
rization and funding to carry out implementation activities only after the 
research was almost complete. Once the funding had been received, it took 
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some time for implementation activities to become operational. This made 
it impossible for the implementation agent to work alongside the research-
ers to understand the research results and possibly infl uence how they were 
packaged to maximize utility for potential users.

Cultivate an Array of Implementation Agents

While one agent may take the lead on implementation, any new technol-
ogy will require the engagement of many users and stakeholders who must 
be persuaded and empowered to become implementation agents. Formal 
groups devoted to SHRP 1 implementation in FHWA, AASHTO, and TRB 
have already been mentioned. Clearly, these stakeholders must be actively 
engaged in implementing SHRP 2 results. However, many other groups 
must be brought to the table: local, regional, and state governments rep-
resented by the Association of Metropolitan Planning Organizations, the 
National Association of County Engineers, the American Public Works 
Association, the Governors Highway Safety Association, and the National 
Conference of State Legislatures; manufacturers and suppliers, such as 
the National Asphalt Pavement Association, the American Concrete Pave-
ment Association, the National Steel Bridge Alliance, the National Con-
crete Bridge Council, the American Traffi c Safety Services Association, 
the American Concrete Institute, and the Precast/Prestressed Concrete 
Institute; the construction industry, for example, through the American 
Road and Transportation Builders Association and Associated General 
Contractors; engineers and designers, through the American Society of 
Civil Engineers (ASCE), the Institute of Transportation Engineers (ITE), 
and the American Council of Engineering Companies; and environmental 
and highway user groups, such as the Surface Transportation Policy Part-
nership, the Nature Conservancy, the American Trucking Associations, 
the American Automobile Association, and the Highway Users Alliance. 
The roles of these groups will vary—from central to ancillary to no role at 
all—for different types of products.

Identify and Address the Concerns of Those Who May Resist Implementation

However obvious the benefi ts of an innovation may appear to be, there will 
always be some who fear—rightly or wrongly—that the change threatens 
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them or is not worth the cost of implementation. It is not always immedi-
ately apparent who the threatened parties will be in each case. Communi-
cating early and often with the wide array of stakeholders mentioned above 
should help in identifying those who have concerns about the impact of a 
new way of doing things. These concerns need to be addressed early, openly 
and clearly. Sometimes there is no way to avoid a negative impact on some 
party, but often a mutual agreement can be reached that the innovation is 
benefi cial for all parties or at least is not necessarily a threat to anyone.

Communicate Ceaselessly

Frequent updates should be provided to all interested parties. Even support-
ive stakeholders will need assistance in organizing themselves to facilitate 
implementation. The implementation of research results can take many 
years and a signifi cant investment of resources, and it must continuously be 
accompanied by selling the benefi ts of the implementation. This is particu-
larly true of research products or programs that are designed to last a long 
time. In the case of the Long-Term Pavement Performance (LTPP) Program, 
the selling effort faltered. The result was a signifi cant reduction in funding 
because the importance of completing the 20-year program was not appar-
ent to later generations of professionals who had not been involved at the 
program’s inception. In SHRP 2, there will be a similar need for long-term 
support—not for research, but for the maintenance of products (such as 
software and databases) whose value will increase the more they are used 
and improved.

Lessons Learned from SHRP 1 Concerning Implementation Mechanisms
An array of mechanisms will be required to reach all the potential users and 
implementation agents of SHRP 2 products. Some examples from imple-
mentation of the fi rst SHRP are listed here.

Make Use of Existing Mechanisms

Some groups already have mechanisms in place that SHRP 2 could tap and 
cultivate as implementation agents. For example, local governments and 
state DOTs use a network of technology transfer centers that participate in 
the federal Local Technical Assistance Program (LTAP) and Tribal Techni-



104     implementing the results of the second strategic highway research program

cal Assistance Program. LTAP centers are adept at delivering training and 
other forms of information to county and city transportation offi cials, as 
well as state DOT districts. Other institutions listed earlier have technical 
committees through which new technologies can be made known. Among 
them are AASHTO, ITE, TRB, and ASCE. FHWA’s National Highway Insti-
tute is a well-established training function familiar to state DOTs and 
others. The Technology Curriculum Coordinating Committee coordinates 
training across state DOTs and handles certifi cation requirements.

Investigate and Work Within Established Innovation Pathways

Certain types of innovations have established mechanisms or pathways that 
must be followed if widespread deployment is to be achieved. Highway 
construction materials are a good example. A state DOT will not use a mate-
rial for which a standard does not exist. Other technologies also require 
or can benefi t from the development of standards by formal standards-
setting organizations, such as AASHTO, ITE, and ASTM. Some technolo-
gies, such as software and intelligent transportation systems, should be 
developed according to established architectures that ensure interoper-
ability with other related technologies. Highway design innovations (geo-
metric, safety, and operational) should be accepted into the Green Book, 
the Highway Safety Manual, the Manual of Uniform Traffi c Control Devices, 
and the Highway Capacity Manual. Each of these standard design manuals 
is overseen by a formal committee or other group that must be engaged at 
the appropriate moment in the research process to ensure that the results 
will meet their requirements.

Develop New or Special Mechanisms Where Needed

In most cases, implementation of research is not the primary occupation 
of the potential user, and the temptation will be strong to leave the task 
entirely to existing committees and task forces that already have a full plate 
of other responsibilities. The AASHTO SHRP Implementation Task Force, 
the FHWA SHRP Working Groups, and the TRB SHRP and LTPP advisory 
committees are good examples of specially formed groups that focused on 
SHRP 1 implementation, a focus that included active coordination with all 
the relevant existing committees in their respective organizations. Reaching 
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some user groups may require the introduction of innovative mechanisms 
that do not currently exist. Developing partnerships with the private sector 
can be critical. Implementation of Superpave in the fi rst SHRP required a 
close collaboration with the asphalt paving industry. User–producer groups 
were established to facilitate open communication and to solve problems 
and address issues from both sides. Awareness of market forces and how 
they might help or hinder the introduction of a new technology is critical. 
When an innovation clearly benefi ts the public or a state DOT but requires 
that the private sector take action (to manufacture a technology or put it 
into practice), the incentives or disincentives for the private sector must 
be considered. To demonstrate the use of “get in, get out, stay out” tech-
nologies, workshops were staged at which all the players (in design, traffi c 
control, construction, and planning) could apply the technologies to actual 
roadways slated for renewal. The AASHTO SHRP Implementation Task 
Force established the Lead State Program, in which one or a few states 
stepped forward to be early adopters of particular SHRP 1 products and 
then provide peer support to other states that implemented the products 
later. A Local Products Committee was established to package and promote 
research products of particular relevance to county and city transportation 
professionals. Box 6-1 lists methods that were used in implementing the 
fi rst SHRP.

Lessons Learned from SHRP 1 Concerning Resources
Implementation Costs Money

In the fi rst SHRP, dedicated federal funding for implementation was 
approximately equal to the federal research investment; however, addi-
tional federal funds were spent to support SHRP 1 implementation. Imple-
mentation investments were also made by state DOTs, local governments, 
and the private sector. The costs involved include follow-on research to 
tailor original research results to specifi c situations, testing, demonstra-
tion projects, equipment purchases, training, development of standards, 
and much more. For agencies whose budgets are already stretched to the 
limit and that suffer from human resource shortages, implementation will 
necessarily require additional incentive funding and provision of expert 
consultation and support from outside the agency.
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Implementation Takes Time

The highway community is large, complex, and generally risk averse. Its 
members will usually be quick to implement small innovations with the 
promise of short-term benefi ts, but some time will be required to con-
vince them to make the changes necessary to realize large, long-term 
benefi ts. The process of changing standards, practices, and attitudes can 
take years, especially when impacts on statutory authority, personnel 
requirements, and institutional structures are involved. It also takes time 
for university curricula to refl ect innovative practices and new knowl-
edge. In an effort to accelerate innovation, the National Highway Insti-
tute is developing a course to train highway professionals in a structured 
approach to implementation.

Box 6-1

examples of methods used to implement products 
of the first shrp

• Showcase contracts and workshops
• Test and evaluation projects
• Demonstration projects
• Speakers Bureau
• Success stories
• Provisional standards
• Lead states
• Product evaluation committees
• Equipment loaner program
• Rugged round-robin testing
• Pooled-fund equipment purchases
• User–producer groups
• Staff state visits
• Local Technical Assistance Program training
• Product catalogue with vendor sources
• National training center
• State coordinator structure
• Exhibits

SOURCE: TRB 1998.
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principles for shrp 2 implementation

The following principles can be drawn from the experience with imple-
menting SHRP 1, and they form the basis for the strategies outlined in the 
next section.

Establish a Principal Implementation Agent as Early as Possible to Provide 
Clear Leadership and Dedicated Staff  Support
SHRP 2 implementation will involve many research products being adopted 
by an array of organizations. Effective nationwide implementation will 
require suffi cient human and fi nancial resources and a principal imple-
mentation agent, that is, an organization that will lead and support SHRP 2 
implementation. This organization should have a national scope, extensive 
knowledge of the highway fi eld, experience with implementing research 
results and new technologies, established relationships with transportation 
agencies, and the ability to provide funding and technical support to state 
DOTs and other potential users of SHRP 2 products. The implementation 
agent should be identifi ed as soon as possible, before the research program 
has been completed, to ensure a smooth transition from research to imple-
mentation. To paraphrase Feller (1987), the implementation agent will 
have several functional roles: adapter, demonstrator, and disseminator of 
innovations; capacity builder for agencies implementing innovations; and 
information disseminator, educator, and facilitator. In addition, the prin-
cipal implementation agent will be responsible for tracking the progress of 
implementation. The purpose of measuring the status and performance of 
implementation efforts is twofold: to determine whether these efforts are 
making progress toward the goal of widespread implementation and ulti-
mately toward achieving the desired outcomes, and to determine and docu-
ment which methods work best for specifi c product–user combinations. 
Better-informed decision making enables effi cient resource allocation and 
supports the overall goal of accelerating innovation.

Involve Stakeholders Throughout the Process
Users and others affected by SHRP 2 products or in a position to infl uence 
their acceptance should be involved in planning and carrying out imple-
mentation activities. Strong partnerships with and among stakeholders 
build trust and encourage implementation champions.



108     implementing the results of the second strategic highway research program

Each focus area within SHRP 2 has its own set of stakeholders. State 
DOTs and local transportation agencies build, operate, and maintain 
most of the nation’s highway and road system and purchase and use many 
products of highway research, making them the primary stakeholders of 
products from the Renewal, Reliability, and Capacity focus areas. Other 
stakeholders include metropolitan planning organizations, federal agen-
cies, contractors, standards-setting bodies, consultants, and equipment 
manufacturers. Decision makers at the state and local levels are important 
stakeholders across all four SHRP 2 focus areas because they determine 
whether to support the implementation of new technologies. Researchers 
from the academic, private, and public sectors will use the knowledge and 
data generated by SHRP 2, in particular the safety data, to further advance 
highway research and innovation and the development of new approaches 
or technologies to improve highway safety. Educators, including university 
professors and training professionals, will use SHRP 2 results from all four 
focus areas in updating their curricula and course work.

Identifying the primary users of a particular technology, as well as those 
who can be infl uential in its implementation, is critical to the ultimate 
success of SHRP 2 products. The ongoing involvement of many potential 
users in SHRP 2 research is a positive fi rst step; it can be continued and 
broadened through pilot studies and demonstrations that will familiar-
ize potential users with the products of the research and help research-
ers focus more clearly on the problems faced by users. Early involvement 
can also help implementation agents identify potential early adopters who 
can become strong supporters of or champions for specifi c technologies, as 
well as help select appropriate methods for transferring the technologies. 
Active involvement of stakeholders also builds trust—a fundamental ele-
ment of successful implementation in the highway community. The risk-
averse culture of the community, derived from its public responsibility and 
institutional incentives and disincentives accrued over the years, leads it 
to place much weight on trustworthy experts and on demonstrated experi-
ence before trying something new.

Communicate Ceaselessly
Implementation cannot be reduced to communication—it is not enough 
to market innovations or to publish reports—but is a critical component. It 
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is essential not only to provide information and answer questions but also 
to listen: to discern what users want, what they need but cannot articulate, 
where resistance may lie, and what positive lessons it can yield.

Communication must be a two-way process: the principal implementa-
tion agent must seek information from potential users about incentives 
and challenges they face and work cooperatively to leverage the incentives 
and overcome the challenges. The temptation to hear only from supportive 
stakeholders must be avoided; those who resist an innovation often have 
good reason for doing so, and much can be learned from them to make 
an innovation more attractive to more stakeholders. Communication must 
also be maintained throughout the implementation process. In addition to 
hearing about innovations when they fi rst become available, stakeholders 
will want periodic updates on the progress of implementation; success sto-
ries; challenges overcome; and, most important, benefi ts achieved. Many 
communication mechanisms should be used to describe research results 
and products, to report on implementation activities, and to share infor-
mation among users of SHRP 2 products. These mechanisms can include 
extensive electronic information in e-newsletters and searchable websites, 
face-to-face interaction in workshops and focus groups, webinars, and wikis 
(websites that allow users to add and edit content). Emerging transporta-
tion knowledge networks are an important potential resource for SHRP 2 
communication and information sharing (TRB 2006).

Prioritize Products for Optimal Implementation Success
An early task is to identify SHRP 2 products with the most potential for suc-
cessful implementation, where success means both widespread use and sig-
nifi cant benefi ts. Feedback from the communication efforts discussed above 
should be used in the prioritization process to support the allocation of 
resources and inform decisions on how to support implementation. Setting 
and revising priorities are part of a continuing process that requires specifi c 
guidelines and procedures both to carry out the implementation effort and to 
monitor progress toward goals. Priority-setting guidelines form a framework 
for decision making. Such factors as the strategic goals of the U.S. Depart-
ment of Transportation and AASHTO, expected technology benefi ts, the 
extent of user interest, the need for fi nancial incentives, potential product 
commercialization, and opportunities for private-sector partnering can form 
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the basis for setting priorities. The principal implementation agent will have 
to make critical choices about where and how resources will be used. The 
priority-setting process should be transparent and based clearly on the input 
of key stakeholders, such as FHWA, state and local DOTs, and other potential 
supporters, and it should be subject to independent external review.

Market and Package Products to Facilitate User Acceptance
A large array of individual research products can be daunting for busy users 
to navigate. Packaging products that work together and branding systems 
or suites of products helps streamline users’ understanding of the products 
and their benefi ts.

Choose the Right Implementation Strategies
The implementation strategies discussed in the next section have all 
shown themselves to be successful. However, this does not mean that every 
strategy is appropriate for every product or user audience. For example, 
materials technologies usually require consensus standards; construction 
technologies are well suited to demonstration projects; and computer pro-
grams require beta testing and user support. Likewise, different training 
programs are better at reaching different audiences. Some products call for 
more practical training, while other products require changes to university 
curricula. Industry structure and economic incentives can also infl uence 
the specifi c strategies adopted: some products may involve intellectual 
property that must be protected, some may attract interest in private-
sector commercialization, and others will need more public-sector support. 
It is important that the principal implementation agent carefully study the 
SHRP 2 products and potential users to determine which strategies are 
most likely to be effective in each case.

Balance Divergent and Convergent Approaches
Successful innovation strategies should allow for and encourage both diver-
gent and convergent approaches. Divergent approaches provide intellectual 
space and resources for ideas and experiments to follow different paths and 
make serendipitous discoveries, building on the knowledge produced by 
research. Investigator-driven research programs are examples of divergent 
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mechanisms. Convergent approaches focus on particular goals and objec-
tives; plans, products, and resources are aligned with achievement of these 
objectives. Ultimately, innovation and widespread implementation involve 
an interplay between divergent and convergent approaches—openness to 
the unexpected as well as disciplined planning. As a general though some-
what oversimplifi ed rule, the balance shifts from divergence to convergence 
as one moves along the continuum from basic research, to applied research, 
to development, to implementation. At no stage is one mode exclusively 
in play, however. In the case of SHRP 2 implementation, the products to 
be implemented will be given—the time for divergent ideas about what 
SHRP 2 research goals should be or what products should result will be 
past. SHRP 2 implementation will involve prioritization of activities, plans, 
and programs and allocation of budgets in accordance with these priorities. 
Nevertheless, there will be avenues of implementation and perhaps even 
users of SHRP 2 products that the managers of the implementation effort 
will not have foreseen. The program should be open to new paths when 
they arise and have suffi cient fl exibility in its planning and budgeting to 
take advantage of promising opportunities.

key implementation strategies

Several key implementation strategies emerge from the experience with 
implementing SHRP 1, as refl ected in the principles outlined above. To 
be successful, these strategies must be supported by a strong knowledge 
management infrastructure that provides tools and expertise, especially in 
the area of information technology (see Box 6-2). Two of the strategies dis-
cussed below—training and education and long-term stewardship of infor-
mation repositories—are themselves key elements of knowledge manage-
ment. All the strategies involve communication and collaboration among 
users and other stakeholders. The full range of knowledge management 
tools should be employed, as appropriate, to advance these strategies.

Strategic Packaging and Branding
As suggested above, the benefi ts of some SHRP 2 products may be opti-
mized by combining the results of several related research projects into a 
unifi ed package with unique branding, as was done for Superpave.
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Box 6-2

knowledge management

Knowledge management is key to facilitating the translation of research results 
into successful implementation. It is a broad concept that encompasses access to 
and sharing of information, networking and collaboration, and stewardship and 
archiving of data and information. It is dynamic and responsive, going beyond 
informal, work group, and project exchange of knowledge. It includes reposi-
tories of written information, as well as the collective knowledge of individu-
als, together with methods for accessing the information. Organizations today 
recognize the need to go beyond traditional information-sharing methods to 
ensure that widely dispersed project teams can communicate and share essential 
information.

Knowledge management is supported by and carried out through an array of 
methods and technologies. These include traditional methods, such as classroom 
instruction, workshops, and other face-to-face learning and collaboration activities. 
Information technology tools can signifi cantly increase the scope, scale, integra-
tion, and timeliness of these methods. Electronic databases and archives, including 
many that can be searched online, make entire libraries available. The Internet 
enables nearly instantaneous communication with colleagues around the world. 
Online conferencing tools, backboards, and wikis provide for information sharing 
and collaboration among dispersed individuals and groups and can be tailored to be 
as open or as restrictive as users wish.

The value of all these methods, whether traditional or high-tech, lies in their 
ability to promote and facilitate learning. When people are asked to change—as 
is often the case in improvement or technology adoption efforts—they are being 
asked to learn, not abandon what they have learned. The high failure rate of busi-
ness process innovations [estimated at 70 percent (Wellins and Murphy 1995)] has 
been attributed in large part to the lack of a connection between technology adop-
tion and learning. Paying attention to how people learn reinforces effective change 
management. Generally, learning takes place in organizations through training, 
professional development, lessons-learned documents, war stories, and knowl-
edge or information repositories—all forms of knowledge management. Because 
people learn in different ways, there is room for many different knowledge man-
agement approaches in an implementation program. In the end, a learning orga-
nization must adopt good practice in teaming, education, information sharing, 

(continued)
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Technical Assistance

Most of the implementation practices described here need to be accom-
panied by various forms of technical assistance. Users will require access 
to the skills and ongoing advice of persons with expertise related to each 
product or group of products arising from SHRP 2. Lead users may need 
assistance tailored to unique issues encountered by early users. The princi-
pal implementation agent for SHRP 2 will also need technical assistance in 
developing and delivering the implementation program. Websites, includ-
ing wiki sites, and real-time, online expertise can provide technical assis-
tance quickly when travel to a user’s site is not really necessary.

Standards, Specifi cations, Guidebooks, and Manuals

Some products will not be used by public-sector agencies unless they con-
form to an established standard, are based on a specifi cation that has been 
accepted in the industry, or are included in a standard design manual. 
Implementation of such products will require that SHRP 2 identify appro-
priate specifying or standards-setting organizations and work with them to 
convert research results into formal standards and specifi cations.

archiving of lessons, and corporate memory, all in a manner that is coherent yet 
streamlined and accessible.

 A central principle of knowledge management is that organizations can fos-
ter the capture and exchange of knowledge through communities of practice—
professional networks that identify issues, share approaches, and make the results 
available to others. A community of practice is a virtual community of members 
with similar interests and expertise connected electronically. Members of a com-
munity of practice can contribute papers, technical briefi ngs, product evaluations, 
and other reports, as well as experiences, good practices, and information, to fi ll 
knowledge gaps. Such information is stored in the knowledge repository for the par-
ticular community and available to the members. Because the knowledge network 
is electronic, accessible at any time, and available to many, it can provide high-level 
service to its users.
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Follow-On Research, Testing, and Evaluation
However much effort is put into a research program of fi nite time and 
resources, there will always be areas in which additional research is needed 
to support implementation. Such research may be required in response 
to changing or unique user needs, unforeseen gaps in the research plan, 
or new opportunities. In addition, pilot testing and evaluation of research 
products may need to be conducted before products are ready for full-scale 
implementation.

Lead Users and Demonstration Projects
Certain products are complex enough that users will want to see a full-
scale, real-world demonstration to be convinced that the products work. 
Demonstrations will be undertaken by lead users, who may also participate 
in other ways, such as training and giving advice to other users. Lead users 
will exhibit the innovation success factors discussed above. Innovative 
individuals can lead stakeholder groups and champion implementation in 
their own organizations. They can undertake demonstration projects and 
serve in roles similar to those of the Lead States in the fi rst SHRP. Internet 
portals can be established to provide a space for lead users and other users 
to exchange experience and advice. Lead users who host demonstration 
projects may require fi nancial assistance to cover the difference in cost, 
or delta cost, associated with demonstrating a new technology. Delta costs 
can include the increase in cost for fi rst-time prefabrication of bridge or 
pavement systems, use of high-performance materials, purchase of equip-
ment for nondestructive evaluation, mobilization of new equipment, and 
costs associated with increased contractor risk, among others.

Training and Education
Training and education are a necessary part of every implementation effort. 
Some SHRP 2 products will call for the development of new levels of exper-
tise and skill beyond what standard training programs typically provide. 
Sabbatical opportunities, intensive summer courses, executive courses, 
and other techniques may be considered. New knowledge and practices 
resulting from SHRP 2 must be incorporated into university classrooms so 
future transportation professionals can become familiar with them from 
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the beginning of their careers. Use of webinars and other electronic tools 
can make training opportunities available to many more potential users 
without requiring them to travel.

Long-Term Stewardship
Certain products—such as databases, archives, software packages, and 
websites—require a long-term “owner” to maintain and update them and 
provide customer support.
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A successful implementation program must be based on an in-depth, 
detailed analysis of products, users, market factors, incentives and bar-

riers, benefi ts, and costs. A full analysis of these factors is beyond the scope 
of this report and is premature at this time because most of the SHRP 2 
products are as yet incomplete. Nonetheless, it is possible to outline an 
implementation approach for SHRP 2 based on the principles and key 
strategies set forth in Chapter 6. This approach encompasses a principal 
implementation agent, application of the key implementation strategies 
to each of the four SHRP 2 focus areas, and an estimate of the fi nancial 
resources required for the implementation effort.

principal implementation agent: attributes and activities

While many stakeholders will be involved in SHRP 2 implementation, the 
effectiveness of a coordinated implementation program depends in large part 
on a strong principal implementation agent. Chapter 8 presents the com-
mittee’s specifi c recommendations with regard to the administrative struc-
ture of SHRP 2 implementation. This section provides a general outline of 
the tasks and responsibilities to be carried out in the administration of the 
program.

The mission of the principal implementation agent for SHRP 2 will 
be to promote and support the effective implementation of the program’s 
products wherever these products can help achieve the goals of the Safety, 
Renewal, Reliability, and Capacity focus areas. With the principles of 
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successful implementation described in Chapter 6 as a foundation, this 
mission would be carried out through such actions as the following:

• Develop implementation plans for each SHRP 2 product or for groups of 
related products. These plans should include technical requirements, mar-
keting and communication activities, budgets, timelines, milestones, per-
formance measures, specifi c implementation mechanisms to be employed 
or activities to be undertaken, and stakeholders to be engaged. The plans 
should allow for divergent, serendipitous implementation. They should 
be living documents that are modifi ed as circumstances require and incor-
porate lessons learned as the implementation program unfolds, and they 
should be made publicly available.

• Ensure that appropriate information technology (IT) and knowledge 
management1 resources and expertise are made available. This provision is 
essential to facilitate the conversion of data and information from SHRP 2 
research, especially the safety naturalistic driving study, into meaningful 
improvements in highway safety and performance.

• Assess the readiness for implementation of each SHRP 2 product. The 
following categories are illustrative of the potential stages of readiness:

– Products ready for immediate implementation;
– Products suitable for demonstration projects;
–  Products requiring pilot testing, beta testing, or other formal evalu-

ation; and
– Products requiring additional research.

• Package SHRP 2 products to maximize acceptance and usability. Brand-
ing of products may be appropriate in some cases.

• Identify the most effective implementation strategies and activities for 
each product.

• Administer competitive processes to provide for the additional research, 
testing, evaluation, demonstration projects, training, technical support, 
and other activities required to support implementation.

• Arrange for stakeholder involvement at the executive/strategic and 
technical/tactical levels throughout the program.

• Coordinate with other related programs and external stakeholder 
groups. Promote collaboration to expedite implementation, leverage 
resources, and increase the effectiveness of SHRP 2 products. Coordination 

1 Knowledge management is discussed in Box 6-2 in Chapter 6.
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includes working with standards-setting organizations, stewards of profes-
sional and technical manuals and guidebooks, and providers of technical 
training and certifi cation, as appropriate.

• Provide technical and, where appropriate, fi nancial support to users, 
especially lead users. Technical support can include training, workshops, 
expert consultation, peer support services, printed and electronic informa-
tion, and other aids.

• Track the progress of implementation, measure results, and report the 
results to stakeholders.

• Publish reports, manuals, guidebooks, websites, brochures, and other 
electronic and print products.

• Assist in the development or amendment of standards.

Effective administration of the SHRP 2 implementation program will 
depend on a strong partnership between the principal implementation 
agent and key stakeholders, including state and local transportation agen-
cies and the academic and private-sector organizations that help these 
agencies achieve their transportation goals. Strong leadership, coupled 
with open communication and fl exibility to respond to changing circum-
stances, new opportunities, and unexpected challenges, is critical.

Resource requirements are an essential consideration. In addition to 
the fi nancial resources discussed later in this chapter, the importance of 
human resources in the principal implementation agent’s organization 
cannot be overemphasized. The diversity of SHRP 2 products and the 
boldness of the new ideas they embody call for highly trained staff to 
plan and execute the implementation program. Implementation of inno-
vations requires technical knowledge, good judgment about people and 
opportunities, communication and diplomatic skills, foresight, fl exibility, 
and a willingness to become directly involved in real-world applications. 
It is a time- and people-intensive task that generally requires dedicated 
focus; implementation support is unlikely to thrive in competition with 
other work tasks. Implementation staff must be ready to act when an 
innovation becomes available and must have managers who understand 
their need to remain focused on implementation efforts.2

2 It is understood that some of the implementation support work for SHRP 2 will be provided by 
contractors to the principal implementation agent. Nevertheless, these contractors should possess 
the characteristics described here and be managed by staff who share these characteristics.
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IT and knowledge management are particularly important areas of 
expertise needed for effective implementation of SHRP 2. A number of 
products of the research, such as the safety database and the Collabora-
tive Decision-Making Framework (CDMF), require IT infrastructure and 
services, including hardware, software, collaboration and communication 
technologies, and user support. Across the entire program, a wide variety 
of knowledge management tools and techniques will advance implementa-
tion. The principal implementation agent will need to have access to IT and 
knowledge management expertise and technologies.

One example of the importance of knowledge management is in the Safety 
focus area. The safety database will be a highly valuable resource for research-
ers and practitioners, but the value of the study is not in the accumulation 
of data. The study’s value will be realized only through active management 
of the database and its availability to a broad range of researchers who will 
examine the data; search for patterns, connections, and priorities; convert 
the data into understanding of specifi c collision conditions; and identify 
potential countermeasures. This process will increase knowledge, and the 
application of this knowledge will improve roadway safety. This conversion 
of data to knowledge and insight is an example of knowledge management.

In addition to adequate quantity and quality of technical staff, adminis-
tration of the SHRP 2 implementation program will require strong leader-
ship. There must be a single point person at a high enough level in the 
institution to ensure that SHRP 2 implementation receives the necessary 
visibility and priority in the organization. While this person would ideally 
be fully dedicated to SHRP 2 implementation, it is conceivable that this 
dedicated role would be incompatible with a high-level position, depend-
ing on the institutional home of the principal implementation agent.

Those administering SHRP 2 implementation should recognize the 
diversity among the four focus areas while also exploiting their linkages 
or similarities in implementation needs. Each focus area has its own stake-
holder communities, although there is some overlap. Certain implementa-
tion mechanisms will work well in one focus area and not in another. On 
the other hand, a mechanism that is traditional in one area may also turn 
out to be effective in another area, perhaps with some modifi cation.

The temptation to align the four focus areas of SHRP 2 with four tradi-
tional management structures commonly found in highway agencies must 
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be resisted. The Safety focus area cannot be reduced to traditional roadway 
infrastructure safety because one of its salient characteristics is the integra-
tion of driver, roadway, and vehicle factors in highway safety. The Renewal 
focus area cannot be reduced to roads and bridges because the essence of the 
research approach involves such concepts as risk management, institutional 
strategies, and operational objectives in addition to infrastructure concerns. 
The Reliability focus area, while fi tting squarely within the operations arena, 
takes a multifaceted approach to part of the operations mission—improving 
travel time reliability. If it is expected to address the full range of operations 
issues, it is likely to be deemed inadequate or to be diluted in its effective-
ness. The Capacity focus area places strong emphasis on planning and envi-
ronmental issues, but since these agency program areas have often suffered 
from the same fragmentation that occurs in their respective regulations and 
processes, implementation of SHRP 2 Capacity products will require break-
ing through both internal and external institutional barriers.

key implementation strategies applied to shrp 2 focus areas

Chapter 6 outlined a number of key implementation strategies:

• Strategic packaging and branding;
• Technical assistance;
• Standards, specifi cations, guidebooks, and manuals;
• Follow-on research, testing, and evaluation;
• Lead users and demonstration projects;
• Training and education; and
• Long-term stewardship.

This section provides an overview of implementation approaches for 
each of the SHRP 2 focus areas, structured on the basis of these key strate-
gies. Table 7-1 summarizes the major implementation activities under each 
key strategy that might be carried out for each focus area. Administration of 
the implementation program is presented as a cross-cutting activity because 
it would be carried out in a centralized manner, although each focus area 
could have some unique needs in this category. Technical assistance is also 
shown as cutting across the four areas, although the specifi c focus areas 
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will require differing technical expertise. IT and knowledge management 
activities are required across all strategies. IT support and cross-cutting 
knowledge management capabilities are included under administration of 
the program. These capabilities include, for example, the capacity to set up 
Internet-based communication and collaboration tools such as webinars 
and wikis; development of communities of practice; and the means to cap-
ture learning and knowledge gleaned both in individual focus areas and 
about implementation itself. Certain aspects of knowledge management 
are highlighted under training and education and long-term stewardship 
to call attention to specifi c needs in each of the focus areas.

Safety Implementation Approach
Naturalistic Driving Study Data

The principal product of SHRP 2 Safety research will be data from the natu-
ralistic driving study. This product differs from most of the other SHRP 2 
products in that the data will not directly affect highway practice but will 
be used by researchers and analysts to develop and improve safety counter-
measures. The direct users of the data will be researchers in the academic, 
private, and public sectors; highway practitioners will be indirect users 
in that they will make decisions about the application of safety counter-
measures on the basis of analyses of the data. For this reason, the Safety 
implementation approach focuses on ways to make the data accessible and 
usable for improving actual safety outcomes.

Long-Term Stewardship First and foremost, a mechanism must be estab-
lished to house and maintain the raw data and the data sets that will be 
derived from the raw data. The intent behind this data resource center is 
to make all the data available to qualifi ed researchers. Because data of a 
private nature, such as video of the faces of the volunteer drivers, will be 
included in the raw data set, safeguards must be instituted to prevent such 
data from being accessed by unauthorized persons. Future researchers 
desiring access to the data will have to meet all requirements included in 
the consent forms signed by the volunteers and will most likely need to sub-
mit their research plans to an institutional review board (IRB) for research 
involving human subjects. Therefore, procedures must be established to 
provide for IRB oversight and allow for secure authorized access to private 
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or sensitive data. Meeting this need may mean having a secure physical 
location to which authorized researchers will go to view data that can-
not be released from the database. A tiered approach to data access—with 
more open access to less sensitive data and more stringent credentialing for 
access to more sensitive data—could be considered. An independent over-
sight group could be charged with ensuring that the scientifi c objectives 
and ethical commitments associated with the naturalistic driving study are 
preserved and promoted in future use of the data.

Technical Assistance To carry out all these tasks, a stable funding stream 
is needed, and an appropriate entity or institution must be identifi ed to pro-
vide database administration, data reduction, technical support, training, 
and other services that will ensure the availability, usability, integrity, and 
security of the data. The magnitude of the task and the need for periodic 
upgrades to hardware and software necessitate a stable, reliable, multiyear 
funding stream that is not dependent on annual decisions or individual 
project support. This funding would support maintenance of the data cen-
ter, periodic upgrades, basic staff and services, communication and out-
reach activities, some level of ongoing analytical work, and publication of 
results. Because it is expected that public, private, and academic research-
ers will want to make use of this national resource beyond a basic level of 
analysis using reduced data sets, the entity responsible for the data center 
should be able to receive further funding from these sources as fees for 
additional services provided.

Follow-On Research, Testing, and Evaluation The raw data alone from 
this project are expected to amount to nearly one petabyte (1,024 terabytes). 
To be maximally useful to the largest number of safety researchers and pro-
fessionals, the raw data will need to be reduced and stored in smaller, more 
manageable databases. Some of this reduction will take place under SHRP 2 
through the analysis projects focused on high-priority safety questions, but 
much more work will need to be done after SHRP 2 has ended. Funding for 
additional studies to answer more of the safety questions identifi ed under 
SHRP 2 for which funding was insuffi cient would accelerate the applica-
tion of the data to actual safety improvements. The full implementation 
program should include additional support for research and development 
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efforts aimed at quickly instituting highly cost-effective safety counter-
measures, which would, in effect, pave the way for a wide range of com-
panion efforts that could be funded from other sources. Research partner-
ships with government and industry, including automobile manufacturers 
and suppliers, as well as with academic and public health institutions, will 
make it possible to identify safety priorities, propose countermeasures, and 
assess the potential benefi ts of deploying those countermeasures and the 
possible need for voluntary or regulatory initiatives to implement fi ndings 
from applied research.

Training and Education Potential users need to know about the avail-
ability of these data and their usefulness. Training must be provided so that 
researchers can become familiar with the new data and analytical tech-
niques and the research community can access and use the databases to 
convert the data into insight and knowledge. In addition to traditional 
classroom and online training courses, training approaches may include 
short sabbaticals for visiting professors to work at the data resource center, 
stipends for graduate students who wish to focus their research on natu-
ralistic driving, and the development of curricula and classroom materials 
for use by professors in university courses on highway safety and human 
factors. State and local agency highway safety professionals may have lim-
ited time for training, and many of them will not be interested in delving 
into the safety databases directly. Therefore, special outreach and train-
ing should be developed to focus on the needs and interests of these indi-
viduals—for example, how the data can be used to answer practical safety 
questions, how this type of research can expand horizons for asking new 
questions and developing new kinds of safety countermeasures and strate-
gies, and how these professionals can work with their local universities and 
research fi rms to extract what they need from the existing data or even to 
conduct smaller-scale studies in their own jurisdictions.

Research Analysis Tools

The implementation of research analysis tools will take place in part 
through the normal academic channels of refereed journals, presentations 
at conferences by the researchers who develop the tools, and the applica-
tion of the tools by automobile manufacturers and technology suppliers 
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seeking opportunities for safety improvements. However, special training 
and education efforts, such as workshops and hands-on use of the data-
bases, would accelerate the process of familiarizing researchers with the 
data and methods for accessing and analyzing them. As researchers develop 
such methods, mechanisms will be needed for collecting and document-
ing them, making researchers aware of them, and incorporating them into 
ongoing training and workshop opportunities and the dissemination of sig-
nifi cant fi ndings.

Site-Based Video System

Several implementation practices should be applied to promote the site-
based video system.

Follow-On Research, Testing, and Evaluation The most helpful next step 
to take for the site-based video system is to fund follow-on fi eld studies and 
analyses to demonstrate the technology and produce actual results that safety 
professionals can use. The original SHRP 2 plan included projects that would 
have addressed these objectives had suffi cient funds been available.

Lead Users and Demonstration Projects A number of fi eld deployments 
of the system, focused on high-priority safety concerns such as intersection 
crashes, would promote use of the technology. Any use of a new system, 
especially in a fi eld setting, will encounter unexpected snags and require 
adjustments for specifi c contexts. Early demonstration projects would help 
work out the practical bugs and identify some types of site-specifi c adjust-
ments that may be required. If focused funding for these tasks were not 
forthcoming under a SHRP 2 implementation program, they would have to 
be carried out piecemeal as other sources of funding became available. This 
process would certainly take longer, and the work might not focus on safety 
questions of more general interest beyond those of concern to the indi-
vidual researchers’ sponsoring entities. Implementation of the site-based 
video system may be an ideal candidate for a lead state approach. Under 
this approach, a few states that were willing to become early adopters of 
the technology could be provided with funding and technical assistance to 
develop some expertise in the tool’s use and then facilitate its implementa-
tion by other states through training and peer advice.
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Training and Education In addition to analysis and demonstration proj-
ects, implementation of the site-based video system will require specialized 
training in its use.

Roadway Data Collection

Implementation of the roadway data collection component of SHRP 2 
could involve the development of data standards for roadway data to be used 
in safety and other applications, such as asset management. These stan-
dards would call for greater accuracy or more data elements, or both, than 
characterize the current state of the practice in roadway data collection. 
Consensus-based standards would promote broader use of these higher-
quality data that would be better suited to safety analyses. If the usefulness 
of these data is to be demonstrated, they will have to be used successfully to 
answer questions that could not be answered without them. Support might 
be provided for several states that already collect the data to demonstrate 
the use of the data in the states’ strategic highway safety plans.

Renewal Implementation Approach
The context in which implementation of Renewal products will take place 
is characterized by a traditional highway design and construction audience 
with a nontraditional need—to renew an entire system of highways under 
heavy use. Traditional approaches to renewal have already led to some 
piecemeal use of innovative technologies, and a few high-profi le projects 
have implemented several innovations at once. However, the most powerful 
benefi ts of this research will be achieved through consistent and systematic 
application of the products across an agency’s entire program. Achieving 
this objective will require nontraditional approaches and a commitment 
to organizational change by public agencies and other project owners. The 
following implementation approaches can be effective in promoting the 
use of strategic packages of Renewal products.

Strategic Packaging and Branding

The fi rst implementation strategy for Renewal products should be to pack-
age them in such a way that they form and are understood by users to be 
part of an integrated approach to highway renewal, rather than a series 
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of unrelated outcomes. For example, new materials, performance specifi -
cations, and nondestructive evaluation (NDE) technologies are a suite of 
products with a natural synergy. To these products could be added design 
procedures that support their integration, as well as products that broaden 
the technical focus to include institutions and community interaction.

Standards Development

Many Renewal products will require design and construction standards, 
materials specifi cations, and test methods. The principal implementation 
agent should work with the appropriate standards-setting organizations to 
ensure that SHRP 2 products undergo the procedures necessary to develop 
standards, specifi cations, and test methods that will be accepted by users.

Follow-On Research, Testing, and Evaluation

Pilot tests can be used when a strategy, technique, or technology has proved 
itself in theory or in the laboratory but has seen little use in practical appli-
cations. For example, some of the innovative bridge technologies developed 
in the Renewal program need to be tested in a real-world environment, 
but one that is more controlled than a full-scale bridge project. This type 
of project would provide an opportunity to refi ne the research results into 
a more robust innovation that is ready for demonstration projects. Perfor-
mance evaluation and data collection will play a signifi cant role in the long-
term acceptance of the NDE techniques, design procedures, and analytical 
models developed under the SHRP 2 Renewal program. Projects incorpo-
rating SHRP 2 pavement or bridge products could be monitored under the 
Federal Highway Administration’s (FHWA’s) Long-Term Pavement Perfor-
mance and Long-Term Bridge Performance Programs.

Lead Users and Demonstration Projects

Lead states that will play the role of early adopters must be identifi ed. 
Renewal technologies, techniques, and strategies can be highlighted in 
lead states through demonstration projects, which provide an opportunity 
for stakeholders to see real-world examples of how those technologies, 
techniques, and strategies work. This approach is often helpful when an 
innovation has been proved but has not begun to diffuse because it is not 
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well known among practitioners. Competitive processes should be used to 
determine where such demonstrations will be carried out to ensure that 
the most appropriate site is chosen for a given technology or strategy. In 
addition to the training received for projects in their state, lead states can 
be trained to provide support to later adopters. They should also receive 
some funds to cover the delta costs associated with being early users of 
innovative products.

Training and Education

Training and education programs will need to be developed for public agen-
cies and the private sector to produce the knowledge and skills necessary 
to implement Renewal products. The training could include workshops on 
tools that can assist public agencies throughout the decision-making pro-
cess. The training materials will need to be tailored to the intended audience 
and could include both traditional classroom approaches and web-based 
methods. The training could be administered through the National Highway 
Institute (NHI) or the Local Technical Assistance Program centers.

Reliability Implementation Approach
Reliability is the area of SHRP 2 research most directly oriented toward 
the users of the highway system, but it involves some of the more com-
plex concepts, strategies, and implementation paths. While concepts such 
as “congestion” and “being late for work” are readily grasped, “travel time 
reliability” requires some explanation. The wide variety of users and stake-
holders for Reliability products increases the implementation challenge. 
Leaders of transportation agencies, technical experts, nontransportation 
professionals, and researchers will each need different types of informa-
tion and outreach. In addition to these direct users of SHRP 2 Reliability 
products, many others may be indirect users or benefi ciaries of improved 
travel time reliability. For example, buses operate in the same congestion 
that plagues cars; operators of bus transit systems are among the customers 
of highway agencies and are potential users of travel time reliability tools. 
Freight shippers and truckers are also customers of the highway system and 
are often sensitive to changes in travel time reliability. Examples of imple-
mentation strategies for the Reliability program are described below.
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Strategic Packaging and Branding

As is the case with Renewal products, implementation of Reliability prod-
ucts will yield maximum benefi ts when the products are used together as 
part of an integrated, systemic approach that includes institutional, ana-
lytical, and technological components. Packaging and possibly branding 
these components will facilitate users’ understanding of the overall ben-
efi ts of the products. Leaders of transportation agencies in particular will 
need clear articulation of the performance benefi ts of managing nonrecur-
ring incidents; a laundry list of research products will not impress them. A 
focus on decision-making tools that can help determine which reliability 
strategies to use may be most meaningful for this audience. The packag-
ing effort might include outlining one or more incremental implementa-
tion strategies that can show clear impacts on customer outcomes; such an 
incremental approach to implementation would be less daunting to many 
organizations. Special packaging or branding may be needed to attract the 
attention and support of nontransportation professionals, such as police, 
fi refi ghters, emergency medical teams, special event managers, and others 
who are affected by reliability but do not consider highway operations to 
be their primary concern. Packaging for the public safety community, for 
example, might focus on increasing awareness of the safety implications 
of better incident management and response and of the opportunities for 
achieving better performance in this area.

Standards, Specifi cations, Guidebooks, and Manuals

Transportation professionals rely on dependable guidelines and sources of 
information to carry out their work. To the extent possible, changes in plan-
ning, design, or fi eld procedures need to be incorporated into standard refer-
ences or models with which these professionals are familiar. In the design 
area, the Highway Capacity Manual and the American Association of State 
Highway and Transportation Offi cials’ Policy on Geometric Design of High-
ways and Streets have already been identifi ed as standard sources into which 
SHRP 2 Reliability results may be incorporated. The committees responsi-
ble for these documents must be engaged from the beginning of the research 
efforts in this area. If new guidelines or models must be developed, they 
must be “owned” by an institution that can stand behind their quality and 
ensure their long-term support and improvement. New or modifi ed design 
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documents and planning models must be supported by training that is tai-
lored to the needs and circumstances of each user group. Reliability depends 
on accurate and timely data about traffi c fl ow and roadway conditions. In 
some cases, states will need to collect new data in order to use a new design 
approach or planning model; guidance on what data are needed and how 
they can be acquired should be provided. In other cases, appropriate data 
may be available from the private sector. Guidance on how to obtain these 
data and model data-sharing agreements should be produced.

Follow-On Research, Testing, and Evaluation

Technical products, such as analytical methods for determining the impacts 
of various operations strategies on travel time reliability, should be pilot 
tested before being made widely available. New institutional approaches 
can be pilot tested by more innovation-oriented agencies. Innovations 
Deserving Exploratory Analysis projects addressing reliability may require 
additional research, development, and testing. Follow-up research can be 
conducted to identify the implications of future-oriented concepts devel-
oped under the Reliability program and to elicit operations-relevant insights 
from the driver behavior data collected in the Safety focus area of SHRP 2.

Lead Users and Demonstration Projects

Deployment incentive programs could be developed for which transporta-
tion agencies and their partner organizations could compete. Such pro-
grams would provide some funding, training, and technical support for 
agencies that are prepared to engage in bolder implementation efforts using 
more integrated sets of Reliability products. The agencies that won these 
competitions would become lead users who would provide peer assistance 
to other agencies wishing to implement the demonstrated products. A spe-
cial component of this peer support could be focused on agency leaders—
secretaries and directors of transportation—to assist them in fostering 
institutional change to achieve better operational performance.

Training and Education

Accomplishing the objectives of the SHRP 2 Reliability focus area will entail 
a profound change in the way transportation agencies understand and carry 
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out their mission. This change is often characterized as a shift from a focus 
on designing and building infrastructure to a focus on providing mobility 
and accessibility, which includes managing operations and information in 
addition to constructing and maintaining facilities. Such a shift requires 
transportation professionals to think in terms of random events, probability 
distributions, and statistical measures. For agencies to incorporate reliabil-
ity performance measures into plans, program assessments, operations, and 
decision-support tools, they must begin to think of their system in statis-
tical terms. Education and training programs that communicate the basic 
concepts of reliability, as well as more in-depth and practical results of the 
SHRP 2 Reliability research program, will be essential. These education and 
training courses might be offered through NHI, the Operations Academy,3 
executive short courses, and a variety of online courses. Specialized train-
ing will be required for practitioners to learn how reliability concepts can 
infl uence their daily work. Universities will need to teach these concepts to 
future transportation professionals so they start their careers with an opera-
tions mentality. In the area of incident response, SHRP 2 is developing joint 
training for responders from within and outside of transportation agencies. 
Methods to support implementation in these communities should make the 
fullest possible use of organizations trusted by these practitioners. Incident 
response training may need to be integrated into existing training programs 
for each group (e.g., police, fi refi ghters). However, common training of 
diverse groups can lead to better teamwork in the fi eld. Such common train-
ing would need to be organized and carried out by an appropriate institution 
or organization respected by all the incident response constituents. Differ-
ences in institutional cultures call for careful, step-by-step implementation 
strategies that respect each culture’s specifi c requirements.

Long-Term Stewardship

Researchers and analysts will want to use data contained in the travel time 
reliability data archive being developed under the Reliability program. The 
data archive must have stable ownership and funding. The costs of main-
taining large data archives and providing services to data users can be sub-

3 The Operations Academy is an intensive, 2-week program sponsored by the I-95 Corridor Coalition 
that trains transportation professionals in surface transportation management and operations.
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stantial; few if any institutions would be able to absorb these responsibili-
ties without additional revenue. Training in the use of these data resources 
will also be necessary.

Capacity Implementation Approach
Collaborative Decision-Making Framework

The principal product of SHRP 2 Capacity research is CDMF. Several imple-
mentation practices for CDMF are described below; the two most critical 
are establishment of long-term administrative and technical stewardship 
for the framework and its tools, and demonstration of its effectiveness in 
real-world applications.

Strategic Packaging and Branding “Collaborative Decision-Making 
Framework” has been the working name for this product, but it may be 
helpful to develop a shorter “brand name” that communicates the essential 
philosophy of the approach. Communication and marketing efforts should 
be undertaken to create broader awareness of CDMF among prospective 
users and other stakeholders.

Follow-On Research, Testing, and Evaluation Follow-on research should 
develop accounting approaches to show the costs and benefi ts of CDMF. 
Benefi ts will include reduced delay in delivering projects because of less oppo-
sition from community and environmental groups and less risk of lawsuits.

Lead Users and Demonstration Projects Competitively awarded demon-
stration projects should be conducted in a small number of states that are 
willing to act as lead users of CDMF. These projects would involve working 
with the framework and observing the results and changes in an agency’s busi-
ness processes that may ensue. Funding should be provided to these lead users 
to cover training and delta costs associated with the demonstration projects.

Training and Education Training will be required to help users reap the 
greatest benefi ts from CDMF. The training could be provided at two levels: 
to support managing change within a department of transportation (DOT) 
or metropolitan planning organization and with partner agencies, and to 
support use of CDMF, especially for high-risk key decision points.
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Long-Term Stewardship CDMF requires an “owner” to maintain, make 
available, and update its documents and electronic resources. The owner 
will need to establish an oversight committee of users, manage the website 
that contains the electronic version of the framework, perform updates 
as needed, and engage in continuing outreach. The costs associated with 
these tasks include provision and support of an electronic, web-based plat-
form; staffi ng of a board charged with oversight, deployment, and updating 
of CDMF; marketing and outreach; staff time; periodic updates and revi-
sions; and training.

Ecological, Travel Behavior, and Economic Impact Theme Areas

Implementation of products in the other three theme areas of Capacity 
research—ecological, travel behavior, and economic impact tools—can 
be promoted in concert with that of CDMF. These products can also be 
implemented as independent sets of tools. In all three areas, the following 
implementation approaches would be useful.

Lead Users and Demonstration Projects Lead agencies should be identi-
fi ed that are willing to demonstrate the tools in one or more of the three 
areas, document the process and its outcomes, and provide peer support for 
other agencies interested in adopting the demonstrated tools.

Training and Education Specifi c training should be developed in use of the 
tools in each of the three areas. Mechanisms should be developed for deliv-
ering this training to public- and private-sector agencies. A national travel 
forecasting handbook has been proposed by FHWA; SHRP 2 could contrib-
ute to this handbook. Similar handbooks may be useful in the ecological 
and economic areas. Implementation of the economic impact tools would 
also benefi t from training in communicating the results of such analysis to 
decision makers and the public. Relevant stakeholders, such as the envi-
ronmental community and groups interested in travel behavior modeling 
or economic development, should be targeted for outreach. Communica-
tion with these stakeholders should be repeated and sustained, making use 
of existing meetings and conferences as well as specialized focus groups to 
identify their interests and address their concerns. As a cadre of stakehold-
ers becomes convinced of the benefi ts of the Capacity products, specialized 
workshops and training can be developed and provided.
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Long-Term Stewardship The economic impact tools of SHRP 2 would 
increase greatly in value if a mechanism were developed for adding new cases 
to the case-based segment. To this end, an owner or steward of the product 
would need to provide a method for users to add cases, as well as trained staff 
to review and edit the cases and integrate them into the product.

financial resources

Good estimates of the cost of implementing research products are diffi cult to 
derive. Different terminology is used in different industries; the boundaries 
between research and development and between development and fi eld trials 
or demonstrations are not clearly or consistently defi ned. The private sector 
often considers breakdowns of these costs to be proprietary information. The 
costs of implementation are sometimes borne by numerous entities, so reports 
from one source may underestimate the real costs. An “off-the-record” esti-
mate from a major U.S. fi rm set the cost of the implementation phase of new 
product development at approximately 10 times the cost of research.

In the case of the fi rst SHRP, approximately $150 million (1991 dol-
lars) was appropriated for FHWA specifi cally for the fi rst 6 years of the 
implementation effort; this fi gure is equivalent to nearly $240 million in 
2008 dollars. Additional federal support for SHRP 1 implementation came 
from other FHWA discretionary research and technology funds but was 
not tracked by the agency as SHRP 1 implementation spending. Estimates 
of federal support are only part of the equation. The National Cooperative 
Highway Research Program (NCHRP) contributed $14 million to SHRP 1 
implementation when federal funds proved insuffi cient. No comprehensive 
data are available, but anecdotal accounts from state and federal offi cials 
suggest that state DOTs spent at least as much in state funds to implement 
the results of SHRP 1 as FHWA spent in federal funds.

Inasmuch as this report was requested by Congress, the committee con-
fi nes itself to assessing the fi nancial requirements for SHRP 2 implementa-
tion that would most appropriately be provided at the federal level. These 
are costs that individual users would fi nd diffi cult or impossible to bear or 
that would be handled more effectively in a centralized manner. Table 7-2 
provides rough estimates of required federal funding for SHRP 2 imple-
mentation over a 6-year period for each key implementation strategy. These 
budget estimates were developed by assessing the implementation needs of 
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each focus area on the basis of the anticipated products listed in Appendix B, 
the example activities in Table 7-1, and cost estimates from similar federal 
and Transportation Research Board programs, adjusted for infl ation. The 
line items in Table 7-2 include the following components:

• Administration—staff for all four focus areas, as well as management 
and support staff for the program as a whole; communication and market-
ing; publications; travel, committee support, meetings, and international 
coordination; knowledge management and information technology; evalu-
ation and performance measurement;

• Technical assistance—one or two contracts per focus area to augment 
technical expertise at the principal implementation agent’s organization;

table 7-2  estimated costs for key implementation strategies

 Estimated 
 Cost over 6 Years 
Key Implementation Strategy (millions of dollars)

Administration of the implementation program, including   63
funding for contract management and support staff ; oversight 
and technical committees; planning, analysis, evaluation, and 
performance measurement; IT and knowledge management 
infrastructure and expertise; marketing, outreach, publication, 
and other communication activities, including strategic 
packaging and branding

Technical assistance contracts  68

Support for development of standards, guidelines, and manuals  23

Support for follow-on research and pilot testing to refi ne and   63
assess SHRP 2 research products

Technical and fi nancial support for demonstration projects and   51
for lead users who host these products and provide peer support 
to other users

Development and delivery of training and education  46

Provision of long-term stewardship of tools, models, databases,   86
and archives as national resources; focused oversight committees

Total estimate 400
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• Development of standards, guidelines, and manuals—an estimated 
40 documents of this type;

• Follow-on research and pilot testing—an estimated 60 research proj-
ects and 60 pilot tests;

• Demonstration projects—an estimated 40 demonstration projects and 
support for 100 lead users;

• Training and education—courses, curriculum materials, workshops, 
and stipends for academic sabbaticals; and

• Long-term stewardship—the safety database and approximately three 
other major databases, and 15 minor databases or software products.

The scale of the work—including estimates of full-time equivalent posi-
tions; of numbers of committees, meetings, and publications; and of the 
size of technical assistance contracts—is based on estimates from people 
involved in implementation of the fi rst SHRP. Estimates for the develop-
ment of standards, guidelines, and follow-on research are based on typical 
projects from NCHRP. Estimates for demonstration projects and for devel-
opment of manuals and training courses were provided by FHWA staff. 
Costs for the fi rst 6 years of stewardship for the safety database are based 
on estimates provided by Virginia Tech Transportation Institute and the 
National Highway Traffi c Safety Administration (NHTSA); these estimates 
were modifi ed to provide estimates for similar activities in the other focus 
areas. The committee also took into consideration the reduction in FHWA 
staff since SHRP 1 implementation, which means that a higher proportion 
of staff support for SHRP 2 implementation would likely come from con-
tractors. Contractor expenses would be covered by funding for the SHRP 2 
implementation program, while FHWA salaries are funded from a separate 
source. The combination of a bottom-up estimate based on expected prod-
ucts and required implementation activities and a rough comparison with 
implementation costs for the fi rst SHRP, taking into consideration the dif-
ferences between SHRP 1 and SHRP 2 and adjusting for infl ation, led the 
committee to conclude that an overall estimate of $400 million in federal 
funds for SHRP 2 implementation is reasonable.

To put this cost estimate in perspective in terms of the potential benefi ts 
to society, if implementation of SHRP 2 research reduced congestion by just 
1 percent, $780 million would be saved in a single year—nearly twice the 
recommended total funding for SHRP 2 implementation. Every 1 percent 
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reduction in congestion would also save 42 million person-hours, or nearly 
4,800 person-years, and 29 million gallons of fuel. Similarly, every 1 percent 
improvement in highway safety from implementation of SHRP 2 research 
would save more than 400 lives, avoid more than 25,000 injuries, and save 
$2.3 billion in costs associated with injuries and deaths annually. And imple-
mentation of SHRP 2 can be expected to yield much more than the 1 percent 
improvement used for these examples. (Estimates are based on data given by 
Blincoe et al. 2002 and TTI 2007, Exhibit B-11, p. B-19.)

The 6-year costs shown in Table 7-2 are predicated on the assumption 
that the next surface transportation authorization will cover a period of this 
length. Implementation of all SHRP 2 products is unlikely to be completed 
within this time frame. It took approximately 15 years for the main product 
of the fi rst SHRP, Superpave, to be adopted by all the state DOTs. A similar 
time frame may be expected for implementation of some of the bolder or 
more comprehensive products of SHRP 2. Implementation costs after the 
6-year period should be assessed by the principal implementation agent 
when it is timely to do so.

Products requiring long-term stewardship, such as the safety data and 
CDMF, will continue to require funding for maintenance, updating, and 
provision of customer services. Funding for these products beyond the next 
authorization period should be reassessed toward the end of the authoriza-
tion cycle on the basis of demand for the products and benefi ts to be achieved 
through appropriate federal support. The safety database, given its size and 
the variety and characteristics of the data it contains (most of the data will be 
in video form), will require signifi cant support to ensure its effective appli-
cation in addressing safety needs. Preliminary estimates from NHTSA and 
Virginia Tech Transportation Institute for basic stewardship of the safety 
database are in the range of $30 million to $35 million for 6 years.4 These 
estimates do not include additional analysis, new data reduction, training, or 
other specialized user support, which are essential to making these data as 
available and useful as possible. Costs for the long-term stewardship of other 
SHRP 2 products, such as CDMF and the reliability data archive, should be 
signifi cantly lower than those estimated for the safety databases.

4 Note that the fi gure for long-term stewardship in Table 7-2 is for databases and archives across all 
four focus areas of SHRP 2 and includes funds for focused committees to oversee the databases, as 
well as some funding for additional user support.
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As of this writing, research projects in the second Strategic Highway 
Research Program (SHRP 2) had been under way for less than 2 years 

of the program’s projected 7-year duration. Preliminary results indicate that 
SHRP 2 research products will contribute substantially to addressing some 
of the most salient challenges facing highway transportation. Widespread 
implementation of these products promises to deliver on the overarching 
goal of SHRP 2: providing outstanding customer service for the 21st century. 
In view of the fi ndings documented in this report, the committee makes the 
recommendations presented below. These recommendations are rooted in 
the principles and strategies outlined in Chapter 6 and should be understood 
in that context.

Recommendation 1: A SHRP 2 implementation program should be 
established.

A robust and comprehensive effort to implement the products of SHRP 2 
should address all four focus areas: Safety, Renewal, Reliability, and Capacity. 
The program should use demonstrated implementation strategies, includ-
ing those described in Chapter 7, as well as other innovative approaches that 
may be developed. Lessons learned from implementation of the fi rst SHRP 
can serve as a good starting point, keeping in mind that SHRP 2 differs from 
SHRP 1 in some signifi cant ways: it addresses a broader array of research top-
ics, encompasses disciplines not traditionally involved in highway research, 
and engages stakeholders external to the highway community per se. These 
differences call for new implementation approaches in addition to those that 

Recommendations8
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were effective in implementing the fi rst SHRP. Beyond engaging state depart-
ments of transportation (DOTs), which remain the primary user group, mech-
anisms must be established to engage metropolitan planning organizations 
and local governments, law enforcement, fi refi ghters, emergency medical 
services, railroads, utility companies, automobile manufacturers, university 
researchers, and others, depending on the specifi c products under consid-
eration. SHRP 2 implementation should also be coordinated with other 
technology transfer and dissemination processes, even as a focus on the 
uniqueness and branding potential of SHRP 2 products is maintained.

Recommendation 2: The Federal Highway Administration (FHWA) should 
serve as the principal implementation agent for SHRP 2, in partnership with 
the American Association of State Highway and Transportation Offi  cials 
(AASHTO), the National Highway Traffi  c Safety Administration (NHTSA), and the 
Transportation Research Board (TRB). NHTSA should exercise a leadership role 
in the long-term stewardship of the safety database.

The SHRP 2 implementation agent should have a national scope, extensive 
knowledge of the highway fi eld, experience with implementing research 
results and new technologies, established relationships with transporta-
tion agencies, and the ability to provide funding and technical support to 
state DOTs and other potential users of SHRP 2 products. The committee 
considered three organizations of national scope as candidates for this role: 
FHWA, AASHTO, and TRB. All three organizations are active in promoting 
highway innovation; all have experienced staff and access to potential users 
of SHRP 2 results. TRB and AASHTO have relatively small staffs, nearly 
all of whom are located in the Washington, D.C., area. Either organization 
would need to undergo signifi cant restructuring to administer the SHRP 2 
implementation program, including hiring many new staff and establish-
ing a presence or mechanisms to provide timely, on-site support to users of 
SHRP 2 products throughout the country.

Promoting technology has been central to FHWA’s mission since its earli-
est predecessor agency, the Offi ce of Road Inquiry, was established in 1893. 
It has long-established relationships with state DOTs, including fi eld offi ces 
in each state with staff who work closely with state DOT staff, in addition to 
expertise in Washington and a multidisciplinary highway research center in 
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Virginia. The agency’s expertise encompasses most of the major disciplin-
ary areas covered by SHRP 2: highway planning, design, and construction; 
environmental and safety concerns; and highway operations. In addition 
to being able to provide funding and technical assistance to state and local 
transportation agencies, FHWA can modify or waive regulations to facilitate 
testing and implementation of new technologies and methods.

FHWA administered a successful implementation effort for the fi rst SHRP 
and learned many practical lessons from that experience. The committee 
believes the agency is best positioned to administer SHRP 2 implementation 
as long as it takes into consideration the specifi c differences between SHRP 1 
and SHRP 2, as well as the unique challenges facing SHRP 2 implemen-
tation. The agency will need to engage in some reorganization to provide 
dedicated management and technical support for SHRP 2 implementation. 
It may need to recruit additional expertise or technical expertise different 
from that which is currently available among its staff and contractors.

While many stakeholders will be involved in the implementation program, 
several stand out as potential partners. Primary among these is AASHTO, 
because the state DOTs remain the principal user group. AASHTO can 
also play an important role in setting standards to facilitate adoption 
of innovations by both state and local government transportation agencies. 
TRB’s involvement is based on its current role in administering the research 
program and on its network of technical committees; its other communica-
tion and coordination mechanisms; and its ability to establish high-level 
advisory, oversight, and technical committees. The Safety component of 
SHRP 2 calls for a strong role for NHTSA. As the principal implementation 
agent, FHWA should consider funding senior staff at other organizations 
to serve as point persons for SHRP 2 implementation and to coordinate 
their organizations’ activities with FHWA. AASHTO, NHTSA, and TRB are 
among the organizations in which such a position could be benefi cial.

Chapter 7 outlines the key attributes and activities of the proposed 
SHRP 2 principal implementation agent, which the committee believes 
FHWA should consider in establishing the implementation program. The 
committee wishes to emphasize three of those attributes here:

• Adequate dedicated staff: FHWA will need suffi cient staff with appropri-
ate technical and managerial expertise to guide the program successfully, 
providing support to volunteer stakeholders and overseeing the technical 
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activities of other staff, contractors, and lead users of research products. 
In addition to technical expertise in the four SHRP 2 focus areas, FHWA 
will need to tap expertise in information technology (IT) and knowledge 
management.

• High-intensity focus to expedite implementation: The benefi ts promised 
by SHRP 2 research are urgently needed. FHWA must be prepared to give 
the implementation program top priority and establish mechanisms for 
expediting key supporting activities, such as forming stakeholder groups; 
executing contracts and other agreements; establishing communication 
mechanisms; initiating fi eld demonstrations; and publishing usable manu-
als, guidelines, databases, and other products.

• Appropriate quality control mechanisms: To the extent practical, competi-
tive processes and merit review should be used to select support contractors, 
researchers, and pilot test or demonstration sites. Implementation activities 
should be evaluated on a regular basis through the use of appropriate quan-
titative and qualitative approaches.

Recommendation 3: Stable and predictable funding should be provided over 
several years to support SHRP 2 implementation activities. Total funding for 
the fi rst 6 years of the implementation program is estimated at $400 million. The 
need for additional funding thereafter should be assessed at the appropriate 
time. Implementation planning and budgeting should take into account that 
several SHRP 2 products, especially the safety database, will require long-term 
support that will extend beyond the initial 6-year period.

Effective implementation will require the ability to plan several years of 
effort with a predictable funding fl ow; ideally, funding should be authorized 
to be “available until expended.” The funding recommended for SHRP 2 
implementation is intended to be over and above the usual level of fund-
ing for ongoing research and technology activities at FHWA and NHTSA to 
ensure that the implementation program does not have a negative impact 
on other much-needed activities of these agencies. NHTSA’s provision of 
long-term stewardship for the safety database should be supported by fund-
ing provided by FHWA from the overall SHRP 2 budget. Products requiring 
long-term stewardship are diffi cult to maintain in the highly decentralized 
highway community, and they require special attention to ensure that the 



146     implementing the results of the second strategic highway research program

public investment made in their development is allowed to fulfi ll its promise. 
These products all involve computer hardware or software and potentially 
large amounts of data (especially the safety database). Stable, predictable 
funding is required so they can be updated and maintained—for example, 
through periodic hardware or software upgrades that are too expensive to 
be sustained by individual projects. FHWA and NHTSA should perform a 
thorough study of the most effective means of providing long-term admin-
istrative and technical support for these products. The study should include 
investigation of various approaches, such as centralization versus decen-
tralization; collocation with existing programs versus establishment of 
new entities; and use of the AASHTOWare, online hosted models, and 
cloud servers.

Recommendation 4: A formal stakeholder advisory structure should be 
established to provide strategic guidance on program goals, priorities, and 
budget allocations, as well as technical advice. At a minimum, this advisory 
structure should include an executive-level oversight committee for the entire 
SHRP 2 implementation program and a second oversight committee focused 
exclusively on administration of the safety database.

Membership of the executive-level SHRP 2 implementation oversight 
committee should include the principal users of SHRP 2 products—state 
DOTs, local transportation agencies, metropolitan planning organizations, 
and appropriate private-sector and academic representatives—as well as 
experts on research implementation, IT, and knowledge management. The 
committee should be small enough to engage in effi cient and effective deci-
sion making while including suffi ciently broad stakeholder representation. 
The committee should meet at least twice a year. Its charge should include 
setting strategic priorities for the implementation program, reviewing and 
concurring with annual and multiyear program plans and budgets, moni-
toring progress on SHRP 2 implementation, and documenting results and 
lessons learned on which to base recommendations for future implemen-
tation efforts. In short, the SHRP 2 implementation oversight committee 
should be responsible for ensuring accountability in the SHRP 2 imple-
mentation program. The committee should report to Congress and the U.S. 
Department of Transportation annually.
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It may be appropriate for the SHRP 2 implementation oversight com-
mittee to obtain additional specialized input from subcommittees or other 
groups that include technical experts, users of a particular group of research 
products, specialists in training and technology transfer, and other parties 
interested in or affected by SHRP 2 implementation. The number and 
nature of these other committees may evolve over time as the implementa-
tion program develops and progresses.

The size and unique features of the SHRP 2 safety database warrant a 
focused oversight group. A safety database oversight committee, under the 
general auspices of the SHRP 2 implementation oversight committee, should 
be established to provide oversight and advice on the long-term steward-
ship and use of the database. This committee should include highway safety 
researchers and practitioners from the public, private, and academic sectors, 
as well as experts in database management, security, and privacy issues. The 
committee should provide both policy and technical guidance to NHTSA 
and through NHTSA to any contractors the agency may engage to admin-
ister a safety data center. The committee’s mission would be to ensure 
the widest possible access to the safety data, consistent with protection of 
the private or sensitive nature of the data, and to ensure that use of the 
data meets the highest scientifi c standards. NHTSA should determine the 
best way to provide institutional review board (IRB) oversight of the use of 
the data. The safety database oversight committee might serve as the IRB, 
might have an IRB subcommittee, or might cooperate with an existing IRB 
to ensure ethical use of the data.

Recommendation 5: Detailed implementation plans should be developed as 
soon as feasible to guide the implementation eff orts.

The SHRP 2 research program is still at an early stage and does not include 
the charge to produce detailed implementation plans. As soon as implemen-
tation funding is made available, however, FHWA should develop detailed 
plans that include, at a minimum, the elements outlined in Chapter 7. These 
plans should be coordinated with the ongoing SHRP 2 research program 
and should be based on appropriate input from users and technical experts. 
The implementation plans should be living documents that are periodically 
updated and should be made publicly available.
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appendix b

SHRP 2 Projects and Expected Products

table b-1  safety research themes, projects, and products

Theme Safety Research Projects Expected Products

Study design and 
fi eld data collection

Roadway data

Analysis

Site-based study

S05: Design of the In-Vehicle 
Driving Behavior and Crash 
Risk Study

S06: Technical Coordination 
and Independent Quality 
Assurance for Field Study
S07: In-Vehicle Driving 
Behavior Field Study
S12: Data Acquisition System

S03: Roadway Measurement 
System Evaluation

S04: Acquisition of Roadway 
Information

S01: Development of Analysis 
Methods Using Recent Data
S02: Integration Methods and 
Development of Analysis Plan
S08: Analysis of In-Vehicle 
Field Study Data and Counter-
measure Implications

S09: Site-Based Video System 
Design and Development

Field study design
Specifi cations and prototypes 

for data acquisition system
Field study management plan
Field study procedures
Integrated database

Site-specifi c data

Not applicable

Methodology for evaluation 
of mobile measurement 
systems collecting data 
related to safety analysis

State-of-the-practice report 
for mobile collection of 
safety-related data elements

Geographic information 
system database of roadway 
and roadside characteristics 
and features for selected 
segments of roads in 
geographic areas used for 
fi eld study

Analysis methods

Analysis plan

Analysis of selected safety 
questions

Site-based video system
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table b-2  renewal: relationship of research products to research 
objectives, tactics, and projects

  Renewal Research
Objective Tactic Projects Expected Products

Rapid 
approaches

1. Perform 
faster in situ 
construction

2. Minimize 
fi eld fabri-
cation

3. Perform 
faster inspec-
tion and 
monitoring

4. Facilitate 
innovative 
and equitable 
contracting 
environment

R01: Encouraging 
Innovation in Locating 
and Characterizing 
Underground Utilities

R02: Geotechnical 
Solutions for Soil 
Improvement, 
Rapid Embankment 
Construction, and 
Stabilization of the 
Pavement Working 
Platform

R04: Innovative Bridge 
Designs for Rapid Renewal

R05: Modular Pavement 
Technology

R06: A Plan for 
Developing High-Speed, 
Nondestructive Testing 
Procedures for Both 
Design Evaluation and 
Construction Inspection

R07: Performance 
Specifi cations for Rapid 
Highway Renewal
R09: Risk Manual for 
Rapid Renewal Contracts

State-of-the-art manual
Electronic database of state-

of-the-art technologies
Long-term research and 

development plan
New tools and training 

materials
Material/Technology 

Selection Catalog
Guidelines
Performance-related 

specifi cations
Construction inspection 

certifi cation programs
Design procedures

Design specifi cations
Construction specifi cations
Contracting tools
Training materials
Modular pavement 

feasibility study
Design procedures
Guidelines and model 

specifi cations
Long-term evaluation plan

Test procedures
Proof of concept of 

emerging techniques
Training materials

Guidelines
Model specifi cations

Guidelines for 
implementation

Training materials
(continued on next page)
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table b-2  (continued) renewal: relationship of research products to 
research objectives, tactics, and projects

  Renewal Research
Objective Tactic Projects Expected Products

Minimize 
disruption

Produce 
long-lasting 
facilities

5. Improve 
customer 
relations

6. Design and 
construct 
low-
maintenance 
facilities

7. Preserve 
facility life

R15: Strategies for 
Integrating Utility and 
Transportation Agency 
Priorities in Renewal 
Projects

R16: Railroad-DOT 
Institutional Mitigation 
Strategies

R19-A: Bridges for 
Service Life Beyond 
100 Years: Innovative 
Systems, Subsystems, and 
Components
R19-B: Bridges for Service 
Life Beyond 100 Years: 
Service Limit State Design

R21: Composite Pavement 
Systems

R23: Using Existing 
Pavement in Place and 
Achieving Long Life

R26: Preservation 
Approaches for High 
Traffi  c Volume Roadways

Best-practices manual
Testing and evaluation plan
Recommended institutional 

and policy changes
Model agreements for 

cooperation
Best-practices document
Model agreements
Streamlined permitting 

procedures
Recommended specifi ca-

tion, institutional, and 
policy changes for imple-
mentation

Load and resistance factor 
design and construction 
specifi cations

Standard plans
Detailed design examples
Load and resistance factor 

design and construction 
specifi cations

Standard plans
Detailed design examples
Guidelines
Design, materials, and 

construction manuals
Training materials
State-of-the-art report
Design guides
Construction procedures 

and specifi cations

Guidelines
Methodology and 

supporting data for life-
cycle considerations

Research plan
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table b-3  reliability research themes, projects, and products

Theme Reliability Research Projects Expected Products

1. Data, metrics, 
analysis, and 
decision 
support

2. Institutional 
change, human 
behavior, and 
resource needs

L02: Establishing Monitoring 
Programs for Travel Time 
Reliability

L03: Analytical Procedures 
for Determining the Impacts 
of Reliability Improvement 
Strategies

L04: Incorporating Reliability 
Performance Measures into 
Planning and Operations 
Modeling Tools

L13: Developing the 
Requirements for Designing 
and Implementing a System for 
Archiving and Disseminating 
Data from SHRP 2 Reliability 
and Related Studies

L01: Integrating Business 
Processes to Improve Reliability

L06: Institutional Architectures 
to Advance Operational 
Strategies

Guidebook for establishing travel 
time monitoring programs

Report on traffi  c detector 
technologies, conversion of 
traffi  c recorders to provide 
real-time information, and 
integration of various data on 
nonrecurring congestion

Report on technical relationships 
between mitigation measures 
and performance measures

Report on pilot studies of fi eld data 
collection to support assessment 
of analytical procedures

Report on how planning and 
traffi  c simulation models can 
be modifi ed to incorporate 
reliability performance measures

Report on proof of concept of the 
modifi cations

Guidelines for incorporation
Guidelines for a reliability data 

archiving and dissemination 
system using web-based 
mechanisms

An archival system that is 
documented, tested, and 
populated for use

Report on successful examples of 
integration of business processes 
to improve travel time reliability

Guidelines for agencies for imple-
menting successful business 
practices to improve travel time 
reliability

Workshop report on key institu-
tional architecture issues

Report on successful practices 
recently instituted

Guidebook for agencies for changing 
institutional architectures in 
support of improved operational 
strategies

(continued on next page)
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table b-3  (continued) reliability research themes, projects, 
and products

Theme Reliability Research Projects Expected Products

3. Incorporating 
reliability into 
planning, 
programming, 
and design

L10: Using In-Vehicle Video 
Data to Explore How to Modify 
Driver Behavior that Causes 
Nonrecurring Congestion

L12: Training and Certifi cation 
of Traffi  c Incident Responders

L14: Eff ectiveness of Diff erent 
Approaches to Disseminating 
Traveler Information on Travel 
Time Reliability

L05: Incorporating Reliability 
Performance Measures into the 
Transportation Planning and 
Programming Processes

Report on the feasibility of using 
in-vehicle video data to support 
investigations aimed at modifying 
congestion-causing behavior

Report on studies using in-vehicle 
video data to investigate means 
of modifying congestion-causing 
behavior

Checklist of responder actions 
and identifi cation of core 
competencies for responders

Curriculum and instruction outline 
for key responder types

Recommended framework for 
responder certifi cation

Report on pilot study and evaluation 
of certifi cation process

Identifi cation of traveler informa-
tion methods

Assessment of how improved travel 
information systems would 
aff ect road user behavior

Report on alternative mechanisms 
for agencies to improve traveler 
information services

Procedures for linking counter-
measures to reliability perfor-
mance measures

Report on analysis of trade-off s 
in capital versus operating 
expenditures resulting from 
using mobility and reliability 
performance measures in the 
programming process

Report on analysis of how using 
reliability performance measures 
fi ts into the short-term program-
ming process

(continued)
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Theme Reliability Research Projects Expected Products

4. Future 
needs and 
opportunities 
to improve 
travel time 
reliability

L07: Evaluation of Costs and 
Eff ectiveness of Highway Design 
Features to Improve Travel Time 
Reliability

L08: Incorporation of 
Nonrecurrent Congestion 
Factors into the Highway 
Capacity Manual Methods

L09: Incorporation of 
Nonrecurrent Congestion 
Factors into the AASHTO Policy 
on Geometric Design

L11: Evaluating Alternative 
Operations Strategies

L15: Reliability Innovations 
Deserving Exploratory Analysis

Report on design practices aimed at 
improving travel time reliability

Assessment of the cost-eff ectiveness 
of using design practices to 
improve travel time reliability

Guidebook of design practices 
that can improve travel time 
reliability

Methodology for predicting the 
probability of occurrence of 
nonrecurring incidents in varying 
conditions

Methodology for predicting 
impacts on speed and delay

Methodology for predicting 
the eff ectiveness of design 
and management strategies 
for reducing nonrecurring 
congestion

Report on how to incorporate 
factors in nonrecurring 
congestion into the American 
Association of State Highway 
and Transportation Offi  cials 
design guide

Report on the requirements of road 
users for travel time reliability 
and the ability of agencies to 
meet these requirements

Report on suggested operations 
strategies for improving travel 
time reliability

Reports from several projects 
aimed at identifying and testing 
innovative concepts to improve 
travel time reliability
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table b-4  capacity research themes, projects, and products

Theme Capacity Research Projects Expected Products

1. Elements of 
collaborative 
decision 
making

C01: A Framework for 
Collaborative Decision Making 
on Additions to Highway 
Capacity

C07: Integrating SHRP 2 
Products into the Collaborative 
Decision-Making Framework
C02: A Systems-Based 
Performance Measurement 
Framework for Highway 
Capacity Decision Making
C08: Linking Community 
Visions and Highway Capacity 
Planning

C09: Incorporating Greenhouse 
Gas Emissions into the 
Collaborative Decision-Making 
Process
C12: The Eff ect of Public–
Private Partnerships and 
Nontraditional Procurement 
Processes on Highway Planning, 
Environmental Review, and 
Collaborative Decision Making
C13: Integrating Full Cost and 
Fiscal Impact Analysis into 
Collaborative Decision Making
C14: Developing a Multiagency 
Change Management 
Framework

C15: Integrating Freight 
Considerations into the 
Collaborative Decision-Making 
Process

Collaborative Decision-Making 
Framework built around 30 key 
decision points

Twenty-fi ve case studies
Tabletop vetting exercises
Integration of all products into a 

modular, fl exible, usable product

Knowledge-based web resource
Library of measures and data needs
Guidelines for selecting measures
Examples of good practice
Guidelines for incorporating 

community visioning into 
highway capacity decisions and 
ensuring that they are followed 
through to project development

Guidelines for considering green-
house gas emissions in the vari-
ous key decision points in the 
decision process

Good practices for adapting to 
public–private partnerships and 
design–build procurements

Guidelines for full cost analysis and 
allocation of present and future 
costs to jurisdictions

A guide to the theory and practice 
of changing one’s own agency 
and others, organized around 
key decision points in the 
decision process

Good practices for considering 
freight transport in the 
collaborative decision-making 
process

(continued)
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Theme Capacity Research Projects Expected Products

2. Ecological 
approach 
to surface 
environmental 
protection

3. Improved 
tools for 
analysis of 
travel behavior

C06A: Integration of 
Conservation, Highway 
Planning, and Environmental 
Permitting Using an Outcome-
Based, Ecosystem Approach

C06B: Development of 
an Ecological Assessment 
Process and Credits System 
for Enhancements to Highway 
Capacity

C10: Partnership to Develop 
an Integrated, Advanced 
Travel Demand Model and 
Fine-Grained, Time-Sensitive 
Network

C04: Improved understanding 
of How Congestion and Pricing 
Aff ect Travel Demand

Methods and procedures for 
interagency environmental 
cooperation at all key decision 
points in the highway delivery 
process

Science-based system of multi-
purpose credits for habitats, 
wetlands, and endangered 
species

A business model for an ecological 
approach

Model programmatic agreements
Guidelines document to assist in 

adopting an ecological approach

SHRP 2 partnership with one or 
two metropolitan planning 
organizations or departments of 
transportation

Bringing an advanced model set 
and time-sensitive network 
online

Testing the ability of the integrated 
model set to estimate time and 
route shifts in response to tolls or 
congestion (C04 products)

Testing the ability to deliver fi ne-
grained inputs to air quality 
models (C09)

Testing the ability to estimate 
eff ects of operations, design, and 
technology improvements (C05)

Having a catalytic eff ect on 
accelerated adoption of these 
techniques by others

Mathematical representations of 
how motorists react to highway 
congestion and pricing

Product packaged for use in models
Testing of product in C10 

partnership
(continued on next page)
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table b-4  (continued) capacity research themes, projects, 
and products

Theme Capacity Research Projects Expected Products

4. Economic 
impacts of 
highway 
investment

C05: Understanding the 
Contribution of Operations, 
Technology, and Design to 
Meeting Highway Capacity 
Needs

C16: The Eff ect of Smart Growth 
Policies on Travel Demand

C03: Interactions Between 
Transportation Capacity, 
Economic Systems, and Land 
Use and Integrating Economic 
Considerations into Project 
Development

C11: Development of Improved 
Economic Analysis Tools Based 
on Recommendations from 
Project C03

Tools to quantify network-level 
capacity benefi ts, individually 
and in combination, of 
operations, design, and 
technology improvements

Guidelines for using results in 
planning networks to refl ect 
sustained service rates

Analysis of the eff ect of smart 
growth policies on peak-period 
travel demand and methods for 
analysis that may entail the tools 
of the C10 partnership

Sixty case studies distributed across 
various highway types, degrees 
of urbanization, and geographic 
regions

Case-based reasoning tools to use 
the case studies

Practitioners’ handbook
Techniques for integrating data-

based analytical tools with case-
based tools
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Developments in research and technology—such as advanced materials, communica-
tions technology, new data collection technologies, and human factors science—offer 
an opportunity to achieve breakthrough advances for the nation’s 4-million-mile high-
way system. The second Strategic Highway Research Program (SHRP 2) applies these 
developments to research on promising approaches to increasing safety, reducing con-
gestion, minimizing disruption when roads are rehabilitated, and providing new high-
way capacity that will enhance both the human and the natural environments. The 
products of SHRP 2 research, if widely implemented, could change the way decisions 
are made by transportation agencies, the methods they use to build and renew high-
ways, and the services they offer to highway users.

The committee that authored this report believes that widespread implementation 
of products developed from SHRP 2 research is critical to address the roadway 
safety, renewal, reliability, and capacity issues that threaten to impair the nation’s 
economy and quality of life. To accomplish this, an implementation program should 
be established; the Federal Highway Administration, in partnership with others, 
should serve as the principal implementation agent; stable and predictable funding of 
$400 million over 6 years should be provided for implementation activities; a formal 
stakeholder advisory structure should be established; and detailed implementation 
plans should be developed as soon as feasible to guide the implementation efforts.
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