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INTRODUCTION 

Protection of the natural and built environment is a pri
mary and continuing responsibility of those agencies 
charged with the development, operation, and mainte
nance of the nation's transportation system. This re
sponsibility is codified in requfrements of the Clean Air 
Act, the Clean Water Act, the Intermodal Surface Trans
portation Efficiency Act, and the National Environmental 
Policy Act, among others. 

Environmental stewardship requires policies and practices 
that are informed by accurate infonnation on the complex 
relationship between the transportation system and Che 
world around it. Such information can only be achieved 
by ongoing scientific research that addresses all relevant 
aspects of the environment. This Transportation Research 
Board Circular documents Che second in a series of con
ferences he ld to identify and document the most critical 
transportation environmental research needs, as a guide to 
research agencies and programs. The first of these con
ferences was held in Denver, Colorado in 1991, and re
sulted in the 1RB Circular 389, Environmental Research 
Needs in Transportation. 

In November 1996, 140 environmental experts from 
around the country assembled for two and one-half days 
in the Transportation Research Board's Washington of
fices and worked collegially to identify research needs. 
Participants formed into thirteen work groups, each group 
representing a different environmental topic area. After 
identifying and prioritizing research needs, the groups 
drafted work statements and budgets for the top research 
needs. These research statements form the main body of 
this document, along with resource papers developed for 
each topic. Following are the thirteen topic areas: 

• Aesthetics and Visual Quality 
• Air Quality 
• Cultural Resources 
• Energy Conservation, Alternative Fuels, and Cli-

mate Change 
• Environmental Review Process 
• Hazardous Material Transport 
• Hazardous Waste 
• Noise 
• Operations and Maintenance 
• Social and Economic Impacts, Including Environ

mental Justice 
• Water Quality and Hydrology 
• Wetlands 

• Wildlife and Ecosystems 

Initially, there were twelve topic areas. The members of 
the Hazardous Waste work group decided their area 
needed to be split into two discrete topics, Hazardous 
Waste and Hazardous Material Transport, resulting in 
thirteen topics. 

Conference Preparatjon 

The success of this second effort to identify environ
mental transportation research needs is due to the 140 
highly qualified people who took the time to meet for two 
and a half days of intensive work on the different topic 
areas. Their work was facilitated by careful advance 
preparation, as described below. Documentation of this 
preparation may be an aid to those planning future re
search needs conferences. 

I. Conference Steerin~ Committee 

A steering committee was appointed, chaired by Thomas 
Weck, chair of the TRB Committee on Environmental 
Analysis. The membership of the steering committee 
included representatives from each of the sponsoring 
agencies- the Federal Highway Administration, North 
Carolina State University Center for Transportation and 
the Environment, American Association of State Highway 
and Transportation Officials, U.S. Environmental Protec
tion Agency, National Association of Regional Councils/ 
Association of Metropolitan Planning Organizations, and 
Surface Transportation Policy Project. This group took an 
active oversight role in all aspects of conference planning; 
and met on a bi-monthly basis during the year preceding 
the conference. 

2. Abstracts of Environmental Research in Transporta
tion. 1992 - I 995 
The Center for Transportation and the Environment 
(CTE) prepared a report to document research conducted 
during the five-year period following publication of Cir
cular 389. The purpose of the report was to guide devel
opment of new research statements by identifying recent 
accomplishments. CTE undertook two parallel tasks to 
prepare this report. First, they contacted both environ
mental and research division heads at each state depart
ment of transportation, national and international transpor
tation organizations, and environmental interest groups to 
gather abstracts of recent research. Second, they searched 



2 

computerized databases, such as TRB 's TRIS. The state
ments received from these tasks were sorted by topic area, 
and published in the final report. While supplies lasted, 
the report was provided, along with a copy of Circular 
389, to each person who made a commitment to attend the 
conference. 

3. ReQuests for Research Statements 

Starting in December 1995, requests were made for brief, 
draft transportation environmental research needs state
ments. These requests were made of TRB committees 
with environmental interests, federal agencies, and of 
each state department of transportation, state environ~ 
mental or natural resource agency, and person invited to 
attend the conference. The draft statements were turned 
over to Apogee Research, Inc. for editing and supplemen
tal work. In total, approximately 600 statements were 
gathered prior to the 1996 conference. 

4. Invited Participants 
To assure a balance of professional skills, geography, and 
organizational interests, invitations to the conference were 
targeted. The invitation list included members of each 
state DOT environmental office, each state environmentai 
agency, TRB environmental committees, universities and 
research facilities, private non-profit environmental 
agencies, and federal agencies (Advisory Council on 
Historic Preservation, Anny Corps of Engineers, Bureau 
of Indian Affairs, FHWA, Fish anu Wil<l.lift 3~1Yi~~, 
FT A, NASA, National Trust for Historic Preservation, 
and the Volpe Center). A strong effort was made to as
sure that each working group had from 8 - 12 members, 
with a balance of interests. 

5. Background Papers 

A background paper was prepared for each of the original 
twelve topic areas to stimulate thought and provide back
ground and context for conference participants. The 
background papers were prepared by Louis Berger and 
Associates, and six were Later amended or rewritten by the 
working groups. The twelve papers are included in this 
report at the beginning of each topic area. There is no 
paper provided for Hazardous Materials Transport, since 
that topic emerged during the conference. 

6. Advance Material§ 
A document was prepared by Apogee Research, Inc. con
taining the 600 draft research needs statements received 
and the twelve resource papers. This was mailed to each 
pre-registered participant well in advance of the confer
ence, and handed to each walk-in participant. 
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7. Faci)itators 

For each work group, a facilitator and co-facilitator were 
appointed in advance of the meeting. Facilitators were 
given the charge of assuring that their group identify at 
least five top research needs statements and draft a de
tailed, complete publishable statement for each. As well, 
the facilitator ( or an appointed person from the group) 
was asked to make a ten-minute presentation of their work 
at the plenary session closing the conference. 

On the evening before the conference, a training session 
was held for facilitators to go over conference goals and 
objectives and the process and schedule for the work 
groups. 

8. Computer Resources 
Each of the twelve meeting rooms was supplied with a PC 
computer, and, on a floppy disk, a copy of the draft pre
liminary research statements for the group meeting in that 
room. Photocopiers and computers were available in 
common areas outside the rooms. 

FOTURE CONSIOERA TIONS 

The conference documented by this report focused in 
detail on research needs in thirteen discrete topic areas. 
Some larger, interrelated research issues were beyond the 
scope of the conference, but do need to be addressed. 
These include: 

• The overall policy direction that will guide research 
initiatives; 

• The relationships between the topic areas; and 
• At what levels should resources be allocated among 

the topic areas. 

Finally, it is expected that the research statements in this 
report will, in many cases, stimulate or give direction to 
future research. It would be most useful to know which 
topics are being undertaken, so that all may take advan
tage of the work perfonned and duplicative effort can be 
avoided. Those initiating such research are requested to 
inform the Transportation Research Board of their work, 
at thi: following address: 

Environmental Specialist 
Transportation Research Board 
2101 Constitution Avenue, N.W. 
Washington, D.C. 20418 

phone: 202-334-2934 
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AESTHETICS & VISUAL QUALITY 

WORK GROUP PARTICIPANTS 

Harlow Landphair, Facilitator 
Susan Handy, Co-Facilitator 

Cheryl A. Amisial 
E. Leroy Brady 
Elizabeth E. Fischer 
Brian Jackson 

Timothy Keller 
Curtis Miller 
Dennis Oost 
April M. Stefel 

BACKGROUND PAPER 

Transportation facilities have a significant impact on the 
visual quality of the landscape, both natural and built, and 
the visual quality of the landscape has a significant impact 
on the transportation experience. ff visual quality is an 
afterthought, rather than a primary consideration in the 
planning and design of transportation facilities, aesthetics 
are often seen as something that merely adds to the cost of 
a project. Community resistance to transportation projects 
can be directly traced back to a lack of sufficient concern 
for aesthetics and visual quality. When aesthetic and vis
ual quality concerns are fully incorporated into the plan
ning and design of transportation facilities, this results in 
projects that enhance rather than detract from quality of 
life in our communities. 

Successful integration of aesthetic and visual quality con
cerns into planning and design requires continuity in the 
consideration of aesthetics throughout all aspects and 
stages of the project development process: from problem 
definition through planning, design, implementation, op
erations, and maintenance. Aesthetics should not be 
thought of as "add on" treatments to transportation facili
ties, rather they should be an integral part of the process 
and the product. Successful integration requires on-going 
public involvement, so that aesthetic strategies reflect and 
respond to the concerns, priorities, and preferences of the 
community. Successful integration requires a sensitivity 
to the context, the visual quality of the natural and 
man-made landscapes, and the scale, from a region down 
to a curb cut. Successful integration requires a basic un
derstanding of how humans perceive and respond to vis
ual qualities of the transportation system and the sur
rounding landscape. 

These requirements apply to all types of transportation 
facilities, whether highways, transit, or local streets, and 
to the building of new facilities as well as the rehabilita
tion of existing facilities. Although growing attention is 

being given to aesthetics in highway planning and design, 
similar attention should be given to aesthetics in the 
planning and design of transit facilities and local streets. 
Many urban rail systems reflect significant attention to 
aesthetics in the design of stations and even vehicles, but 
concern with aesthetics in bus systems is noticeably lack
ing. Thanks to the New Urbanism movement, more at
tention is also being given to the design of local streets; 
the goal is to create streets that do not simply provide for 
the movement of vehicles but are also attractive to pedes
trians and drivers alike. Highway rehabilitation projects 
often have dramatic impacts on visual quality (whether by 
necessity or by legal requirement) and merit the same 
attention to aesthetics as new highways. Rehabilitation 
projects may also offer the opportunity to fix past mis
takes. 

In evaluating the state•of•the-knowledge and the 
state-of-the-practice in the area of visual quality and aes
thetics in transportation, five broad interrelated themes 
emerge. First, the process by which a transportation fa
cility is planned, designed, and implemented and the de
gree to which visual quality and aesthetics are incorpo• 
rated into the process significantly impact the success of 
the facility. Second, efforts to incorporate visual quality 
and aesthetics into planning and design must draw on a 
basic understanding of how humans perceive and respond 
to the physical environment. Third, the value of attention 
to visual quality and aesthetics in the planning and design 
of transportation facilities needs to be factored into analy
ses of costs and benefits. Fourth, a number of specific 
issues, such as the retention of trees and the design of 
traffic barriers, continue to challenge designers. Fifth, 
incorporating visual quality and aesthetics into the plan
ning and design of transportation facilities requires inno
vations in communication and education. 
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Process 

Experience has shown that an integrated project develop
ment process is essential to effectively addressing visual 
quality and aesthetic concerns. The project development 
process needs to be integrated in three ways. First, visual 
quality and aesthetic concerns must be considered in 
every stage of the process, from problem definition, 
through planning, design, implementation, and operations 
and maintenance, and throughout all activities within 
these stages. Second, the process must ensure continuity 
between the various stages, so that aesthetic problems or 
solutions developed at one stage continue to be addressed 
at subsequent stages. The process should not be entirely 
linear. Third, public participation needs to be integrated 
into the process thronghout, to ensure that aesthetic solu
tions reflect the priorities and preferences of the com
munity. Integrated, multidisciplinary planning and design 
teams should include engineers, planners, landscape archi
tects, cultural specialists, and other relevant professionals, 
as well as community representatives. 

A paramount issue in the development and construction of 
transportation facilities is the cuvrdirrntion of the design 
and planning processes with the communities in which 
these facilities will be built. For many communities, new 
or rehabilitated transportation facilities come with mixed 
blessings. Plans are brought and presented os a final 
.... ..-n,h-. ..... + 111 r1+h 1 ~ttl P.. tn nri. .;,.,.rt11t frnrn thP rnmrn11n ih, 1"PC!ll lt-y.1. '-"1,,1,"'4'-'I. .... .1.\..1.A L.I.""''- •'-' a.i"-1 .a..o•t"-• .._._ ""••• _.__ - .._..._ ... _.~ .... -••"'.J J a '-k, -~• 

ing in a facility that meets the requirements of the de
signer without necessarily meeting the needs of the com
munity. However, a growing number of examples show 
how transportation planners and designers working 
closely with the community throughout the entire process 
can produce outstanding facilities. In some cases, envi
ronmental mitigation was the predominant reason for 
extensive community involvement. ln others it was fore
sight and the involvement of multi-disciplinary design and 
planning teams that brought outstanding projects to frui
tion. 

These projects vary in scale from the intimate streetscape 
of historic Westminster, Maryland to the colorful rehabili
tation ofl-10 through downtown El Paso, Texas. Others 
include small details, such as the soon-to-be installed 
leaping salmon pedestrian overpass screen at the Che
nowith Interchange in The Dalles, Oregon on 1-84 and the 
flamboyant colors of the pathways interconnecting the 
Miami transit railway and redevelopment areas in Over
ton, Florida. Some examples have received especially 
high praise, such as Portland, Oregon's Max, a light rail 
system that is completely integrated into the fabric of the 
community, from the sign and information systems to the 
laying of the tracks and the surrounding pavement mate
rials chosen for heavy pedestrian areas. 
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Each of these projects reflects the community in which it 
is located while also meeting all safety standards and 
guidelines. Visually, these creative and innovative proj
ects stand out from traditional transportation facilities 
where designers followed "the book." These projects do 
more than provide facilities to meet the needed level of 
service - they create places with unique identities that 
become integral parts of their communities. The success 
of these places shows that there is a better way in which to 
plan and design transportation facilities. What is impor
tant to remember is that each community is unique and the 
design of each transportation facility should not only re
spect that but also respond to it. 

Basic Research 

Practical efforts to address visual quality and aesthetics in 
transportation must build on a basic Widerstanding of how 
humans perceive and respond to the physical environ
ment. There is a considerable body of research on aes
thetics in the areas of environmental psychology, geogra
phy, and landscape architecture that has not been 
integrated into highway and related transportation litera
ture. Much of the work that has been done was sponsored 
by federal land management agencies, the USDA Forest 
Service, the National Park Service, and the Bureau of 
Land Management. This literature has numerous tech
niques for identifying visually sensitive areas, detennin
ing public preference, and working with groups to achieve 
a successful project. Recent worl< developed wider the 
auspices of the Federal Highway Administrotion (FHWA) 
National Scenic Byways Program has added to this body 
of knowledge. 

By adopting some of the proven methodologies and re
search techniques and conducting much needed basic 
research, transportation agencies could develop tools that 
allow much greater objectivity in making aesthetic judg
ments. Likewise, much of the public resistance associated 
with oesthetic concerns could be answered early in the 
design process, avoiding costly delays and redesign late in 
the design process. 

Value of Aesthetics 

One explanation for why visual quality and aesthetics may 
not receive adequate attention in the planning and design 
of transportation facilities is that many of the benefits are 
difficult to quantify and are thus left out of standard 
cost-benefit analyses. The potential benefits include eco
nomic benefits, such as a savings in project cost due to 
reductions in delays in the design process or a boost in 
local economic development, as well as broader com
munity benefits, such as the psychic value of a pleasing 
landscape or an increase in levels of safety and comfort. 
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The traditional approach to cost-benefit analysis focuses 
on direct costs, i.e. the costs of design and construction, 
and direct benefits, usually a reduction in congestion or 
travel time or an increase in capacity. The concept of 
"least cost" or "full cost" planning suggests that transpor
tation facilities should also be evaluated with respect to 

indirect costs and benefits, both positive and negative 
externalities. This approach brings a broad range of envi
ronmental, social, and economic factors into the analysis; 
visual quality and aesthetics should be among them. 

Design Challenges 

Designers face an on-going challenge in addressing issues 
related to visual quality and aesthetics. To successfully 
integrate a roadway or other transportation facility into the 
physical and visual environment, the design need, topo
graphic limitations, plant communities, significant cultural 
resources, historic, scenic, rural, and designed landscapes 
must be identified and considered. These elements make 
up the character of a particular location. The visual char
acter of a location need not be rural to have a high degree 
of visual quality, nor developed to have a sense of place. 
Instead, a combination of various landscape types and 
existing visual resources of the transportation facility and 
its setting provides the facility with its own individual 
character. Design must address both the view of and the 
view from the facility, and must balance the local context 
with the regional context. 

A project's design need is based on the projected devel
opment within a given area and the facilities necessary to 
safely move volumes of traffic or travelers from one place 
to another. Topographic constraints include not only the 
natural lay of the land, but the development upon it. De
sign criteria in one section of the country may not be suit
able in another. Each locale (north, south, east, and west) 
provides its own visual and landscape characteristics. It 
should be noted, however, that basic aesthetic considera
tions are identical in all locales: what makes one project 
successful and another unsuccessful is the degree of at
tention to aesthetics and the care taken to integrate the 
facility into the adjacent landscape. 

What should be incorporated in the design is the balance 
between the elements of function, proportion, order, fonn, 
line, color, and texture. All too often, a design fails when 
it does not integrate these elements, and simply relies on 
embellishments to make an aesthetically sensitive design. 
More times than not, this philosophy is ineffective, draws 
attention to itself, and results in a less acceptable design 
than if no treatment had been applied. What needs to be 
determined is how these aesthetic elements blend and are 
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integrated into both the physical and visual landscape. 
Critical elements include, but are not limited to: 

• Structures: bridge piers, superstructures; 

• Edge delineators: walls, screens, fences, guard rails; 

• Signage and lighting; 

• Slope protection and form; and 

• Vegetation: planting, maintenance. 

For elements such as these, the following must be ad
dressed: scale, color, texture, pattern, line, and form in the 
new facility in relation to the existing land form, natural 
vegetation, land use, and architecture. 

These issues are receiving increasing attention from state 
and federal agencies. For example, the FHW A will soon 
be publishing a companion book to AASHTO's Green 
Book entitled "Designing Highways for our Communities 
and Countrysides." This guide of ideas and insights is 
meant to assist highway designers with more aestheti
cally-pleasing design solutions that are more acceptable to 
communities. State DOTs such as Rhode Island and Mas
sachusetts have developed design and maintenance guide
lines that will protect and enhance the visual quality of 
state roads. Rhode Island's guide covers facility design 
and maintenance of the state's highways, and deals with 
scenic byways in particular. Massachusetts' guidebook 
discusses tree maintenance and replacement for the Old 
Kinds Highway (Rt-6A). 

Amongst all the elements of design, trees present design
ers with one of their greatest challenges. They are an 
important aspect of community identity and have emo
tional significance for the residents of communities, both 
rural and urban. Yet, safety concerns often dictate that 
trees be removed to create a clear zone. Trees should not 
be placed in the clear zone for any new construction or 
major reconstruction. However, the decision to create a 
clear zone that requires the removal of existing trees is an 
issue that should be presented to the public and addressed 
by a multidisciplinary design team early on. If communi
ties consider existing trees a valuable resource, other op
tions than complete eradication must be pursued. These 
include the installation of traffic barriers, the lowering of 
the design speed, or even complete redesign of the facility 
to incorporate the trees. Jt is not unusual for a community 
to value one specific tree and desire to preserve it. Trans
portation designers must balance safety with community 
values when considering facility design and tree preser
vation. 
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Innovation in Education and Communication 

Innovations in both education and forms of communica
tion are needed. Planners and engineers, for example, 
would benefit from education on the importance of and 
ways of addressing aesthetics and visual quality in the 
planning and design of transportation facilities. Ideally, 
interdisciplinary courses would be developed as a way of 
expanding the perspective of students and practicing pro-

RESEARCH NEEDS STATEMENTS 

Title: Development of e model community- and place
based project development process that success
fully incorporates visual quality and aesthetic con
cerns 

Problem Statement: Traditional transportation system 
planning and design processes have often been single
purposed, environmentally myopic, and lacking in exper
tise of multiple disciplines and support of local comm11T1i• 

ties. Community resistance to new and redeveloped fa
cilities has increased. This resistance can be traced to 
several factors, including the lack of attention to visual 
quality and aesthetics. 

While there are federal and state mandates that visual 
quality and aesthetics be addressed in planning and design 
of transportation facilities, a lack of criteria and guidelines 
for doing this means that visual quality and aesthetics 
have not been adequately addressed. Recent examples -
particularly examples of developing management plans 
for scenic byways - are emerging which could provide 
insights or models. These examples have several com
mon threads: 1. they integrate the local community into 
the process right from the beginning; 2. they are place
based, responding to the uniqueness and distinctiveness of 
each bioregional unit; 3. they are multidisciplinary; 4. 
issues, solutions, and guidelines developed in the planning 
phase of a project are carried through all phases of design 
~d implementation; and 5. they address multiple objec
tives. 

1:'1e community needs to be contacted early about a pos
sible transportation project. Residents' understanding of 
the need will help them participate in the development of 
solutions and actions and advocate for a project's devel
opment within the community context. The community 
will put its signature on its own place. 

Place-based planning begins with the larger context the 
bioregion, and then identifies and characterizes sm'aner 
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fessionals alike and as a way of demonstrating the impor
tance of process. Innovative forms of communication 
especially visualization techniques, will play an importan~ 
role in education--and in public participation. Such tech
niques enable citizens to better evaluate proposed alterna
tives and formulate their preferences. Computer-based 
forms of publication, including the World Wide Web and 
CD-ROMs, facilitate the dissemination of visual exam
ples. 

units. These units provide the framework for planning by 
making the connection between resource assets com
munity values, and implementation opportunities. ' 

Professionals from many disciplines, particularly plan
ners, landscape architects, cultural and natural resource 
specialists, and traffic and transportation planners and 
designers bring knowledge and expertise to a community. 
They facilitate the development of a community-initiated 
place-based soiution. ' 

Solution~,. activities, and guidelines that are developed by 
commumt1es and supported by the multidisciplinary proj
ect team need to be carried through design, construction 
~ul upta"i,tk,ii and ii1aiut1;r.attcc pha3cs of u project, 
through all activities within these phases. 

Single-puflloSe, single-objective solutions are becoming 
less and less popular and more and more difficult to fund. 
Solutions and actions that meet multiple objectives and 
have diverse stakeholders will enfold a larger constitu
ency. Many more funding sources will be available for 
implementation. 

Proposed Research: The proposed research is to 
identify case studies from the United States and other 
countries of project development processes that success
fully incorporate visual quality and aesthetic concerns. 
These case studies will provide a basis for guidelines for 
project development processes. Specific tasks are as fol
lows: 

I. Identify cases from the United States as well as other 
countries that have successfully incorporated visual qual
ity and aesthetic concerns into a comprehensive, com
munity- and place-based approach. 

2. Develop in-depth case studies of these successful ex
amples. Interview local community groups, agencies and 
multidisciplinary team members involved in each pr~ject. 
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Gather information on the processes for each project and 
on what worked and what didn't work. 

3. Evaluate the case studies to identify the steps that 
should be included in a successful process. Recognize 
differences in the planning, design, construction, opera
tions and maintenance phases as well as regional differ
ences. 

4. Document and disseminate results using traditional and 
electronic means. Emphasize graphic examples. 

Cost: $700,000 
Duration: 18 months 

Title: Linking Research on Human Aesthetic Percep
tion of the Landscape to Transpor1ation Concerns 
and National Forum on Aesthetics In Transpor
tation 

Problem Statement: There is little objective re
search on transportation corridors that can assist officials 
in making sound aesthetic judgments. However, there is 
a significant body of knowledge developed in the fields of 
environmental psychology, geography, landscape archi
tecture and architecture, that has direct application to 
transportation and design. There is also an important 
library of methodologies developed by federal agencies 
such as the Bureau of Land Management, National Forest 
Service, National Park Service, and Environmental Pro
tection Agency, to assist them in making aesthetic deci
sions. There is a need to summarize and relate this body 
of material to transportation practice and to disseminate 
findings to the transportation community. 

Proposed Research: 1. Research is needed to assemble 
the research on visual quality and aesthetics to support 
transportation planning and design. The objectives of the 
proposed work are to: 

• Review and summarize existing research on human 
perception of aesthetics and the environment that re
late to transportation issues; and 

• Identify specific techniques and methods that can be 
used to improve the aesthetic qualities of transporta
tion corridors. 

2. Evaluate selected research efforts relative to transpor
tation issues. 

3. Conduct National Conference on Aesthetics and 
Transportation. Select and invite researchers to prepare 
position papers that link their research to transportation 
issues. Conduct the conference. Publish the proceedings. 

Cost: $400,000 
Duration: 18 Months 

Title: Quantification of Benenu of Aesthetic Consid
erations in Transportation Facilities 
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Problem Statement: Evaluation of proposed trans
portation facilities has often been restricted to areas such 
as cost/benefit analysis, travel-time savings, emissions 
reductions, etc. In quantifying the externalities (i.e. spill
overs) - both positive and negative - of a given transpor
tation facility, an abundance of data has been produced. 
These data usually speak to a particular mode (e.g. transit 
or highways) and to specific aspects that are easily quan
tified (e.g. ridership or arterial capacity); data on less
readily quantifiable concerns, including aesthetics and 
visual quality, is lacking. Consequently, the element of 
aesthetic and visual quality in this multi• 
modal/multidisciplinary environment is not allocated an 
equal or sufficient amount of consideration. Often, aes
thetic and visual qualities are not considered until after a 
decision or plan for an area or region is implemented; the 
economic impacts of this practice, in terms of delays and 
unplanned costs, are not analyzed. A comprehensive 
analysis of the economic efficiency and other community 
benefits inherent in the consideration of visual and aes
thetic qualities would be beneficial to all participating 
parties (community, elected officials, MPOs, state DOTs, 
transit operators, etc.) in the development of regional 
transportation plans. 

Proposed Research: The goal of this research is to 
quantify the benefits of aesthetic considerations in trans
portation facilities, including benefits that are easily 
quantifiable as well as those that are often considered 
non-quantifiable. This research will provide an economic 
justification for investments in aesthetics and visual qual
ity and will provide guidelines and methods for commu
nities to incorporate aesthetics and visual quality into 
cost-benefit analyses. The research includes the follow
ing tasks: 

l. Review of research relevant to the quantification of 
benefits. 

2. Evaluation of the benefits of investments in aesthetics 
and visual quality in selected projects. Potentially quanti
fiable benefits include: 

• increased property values; 
• reduction in stress for users of the facility; 
• increased sense of security for users of the facility; 
• increased and improved opportunities for joint-use of 

the facility (e.g. bikeways parallel to highways); and 
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• increased tourism. 

3. Evaluation of community willingness-to-pay for dif
ferent types and degrees of investment in aesthetics and 
visual quality. Analysis of similarities and differences 
between regions. 

4. Development of guidelines for incorporating aesthetic 
and visual concerns into cost-benefit (or "full-cost" or 
"least-cost") analyses. 

5. Documentation and dissemination of results using tra

ditional and electronic means. 

Cost: $400,000 
Duration: 18 months 

Title: Best Practices in the Aesthetics of Transporta
tion Facility Design 

Problem Statement: State and local jurisdictions 
throughout the country have developed innovative ap
proaches to the design of transportation facilities. These 
efforts can provide useful guidance to other jurisdictions 
struggling with similar issues. It is important to identify, 
docwnent, and disseminate these efforts. Recognizing that 
the planning and design process can be bogged down by 
minutiae, it is important to review and evaluate a broader 
approach that crosses both modal and place boundaries. 

To reach this goal, there is a need to research and evaluate 
the projects that work by evaluating and identifying the 
criteria under which the best projects were designed and 
developed. There is a need to identify what role multidis
ciplinary teams played throughout the process and what 
role the community played in the process. There is also a 
need to understand the regulatory process and how it has 
affected these projects, beneficially and negatively. 

Proposed Research: 1. Identify and prioritize de
sign and aesthetic issues through a survey of practitioners 
(e.g., community planners and transportation facility de
signers). Potential issues include but are not limited to: 
lighting, tree conservation, signage and communications 
systems, and transportation appurtenances. 

2. Identify best practice examples of the top priority is
sues that include a range of transportation modes (roads, 
transit), contexts (urban, rural, suburban), and scales 
(regional, local). Identify and define the criteria under 
which these are considered the best practice. 

3. Disseminate the resulting information through both 
traditional and non-traditional means of communi.cation. 

Cost: $150,000 
Duration: 18 months 
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AIR QUALITY 

WORK GROUP PARTICIPANTS 
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Randall Guensler, Co-Facilitator 
Joon H. Bywi 
Elizabeth Deysher 

BACKGROUND PAPER 

Anne B. Geraghty 
Clay Heskett 
Therese Langer 
Abbe Mamer 
Jeff May 

The Clean Air Act Amendments of 1990 (CAAA) include 
provisions to control carbon monoxide, ground-level 
ozone (urban smog), particulate emissions, and other air 
toxics from motor vehicle engines. It seeks to reduce ve
hicle emissions through a combination of cleaner vehicles, 
cleaner fuels, and transportation programs and projects 
that will improve traffic conditions, alter driving behavior, 
or make alternatives such as transit or other modes an 
increasingly important part of the transportation network. 
In December 1996, new air quality standards were pro
posed for ozone and particulate matter, representing sig
nificantly more difficult targets to meet. 

The Intermodal Surface Transportation Efficiency Act of 
1991 (ISTEA) reinforces the need for the nation's nonat
tairunent areas to achieve the National Ambient Air Qual
ity Standards (NAAQS). !STEA emphasizes an improved 
planning process that includes consideration of multimo
dal investments, land use decisions, financial constraints 
and air quality improvement. Through its planning 
framework and specific funding programs, ISTEA gives 
State and local officials the tools to adapt their plans to 
assist nonattainment areas in achieving the NAAQS. The 
Congestion Mitigation and Air Quality Improvement Pro
gram (CMAQ) and the Surface Transportation Program 
(STP) specifically enable the funding of transportation 
projects that reduce emissions including the transporta
tion control measures (TCMs) listed in the CAAA. To
gether, CAAA and !STEA provide complementary ap
proaches to decrease transportation-related emissions. In 
practice, while the CAAA sets air quality requirements 
and milestones, mandates further improvements to vehi
cles and fuels, and requires greater integration of transpor
tation and air quality planning, !STEA provides the fund-

Christopher L. Saricks 
Mike Savonis 
Richard Schoeneberg 
Rick Sheckells 
Wayne Young 

ing flexibility to target the use of transportation funds to 
promising strategies to reduce transportation-related 
emissions. 

Research efforts should investigate the transportation 
implications of the proposed new ozone and particulate 
standards. Research should assess the significance of the 
proposed standards on current approaches to reach at
tainment, address the anticipated effectiveness of regional 
control strategies, identify the impacts of the new stan
dards on the transportation planning process, and assess 
the confonnity requirements in light of new standards and 
new, larger nonattainment areas. Impacts of new stan
dards on ISTEA legislation should be investigated as well 
as current and possible future linkages between the 
CAAA and ISTEA. The rules proposing the new stan
dards will be made final in 1997 with their implementa
tion to follow. Given this very short time frame, this is 
considered a high priority area which should be addressed 
as soon as possible. 

An important topic in developing transportation and air 
quality plans and programs is to identify the most effec
tive transportation strategies to improve mobility and 
reduce emissions given Federal and other available fund
ing. For instance, some TCMs, such as high occupancy 
vehicle (HOV) lanes, transit, or intermodal facilities, re
quire large capital investments, while others such as pric
ing and regulatory mechanisms may be of relatively low 
capital intensity. It is important that each state or area 
decide among alternative investment strategies based on 
the relative costs and benefits given the multiple objec
tives served by transportation investments. Further, the 
long term impacts of certain capital investments is un-
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clear, specifically whether such investments effectively 
induce new travel demand. To provide assistance to states 
and metropolitan areas, research on the relative cost ef
fectiveness of alternative transportation investments and 
TCMs in reducing vehicular emissions is needed. In ad
dition, research is needed into the question of the long 
term impacts of certain investments on inducing demand 
and/or satisfying latent demand. 

To achieve national air quality goals, the CAAA require 
the most polluted areas to limit growth in vehicle travel by 
reducing Single Occupancy Vehicle (SOY) travel and 
VMT. Control of total vehicle miles traveled (VMT) re
quires broad support from jurisdictions beyond the trans
portation and air quality communities including the busi
ness community and general public. According to a 
national survey, the reasons for increased VMT during the 
past 20 years included a dramatic increase in the number 
of workers, an increase in the number of jobs located in 
the suburbs where fewer travel alternatives are offered 
and distances are greater than suburb-to-city travel, in
creases in vehicle ownership, a decrease in vehicle occu
pancy for work trips, and lower fuel costs in real tenns 
compared to the costs in 1950. Growth in VMT has been 
further reinforced by the land use patterns of dispersed 
residences and jobs. Research is needed to explore viable 
and effective strategies to ensure that rising VMT will not 
eventually overtake mobile source emissions improve
ments. Whether and when emissions will rise with VMT, 
to what ievel, and what can be done at present anci in the 
future, are important issues to be studied. 

Particulates are a significant contributor to human health 
problems, including asthma, chronic respiratory irritation, 
toxic exposure, and possible carcinogenesis. Combustion 
of transportation fuels is implicated as a major source of 
these fine particles, with tire, engine and brake wear being 
contributors. In recognition of these effects, EPA is pro
posing stricter standards for particulates, notably a stan
dard for extremely fine particle matter (PM 25). Research 
is needed to determine the contribution of mobile sources 
to the particulate problem, the relative contributions of 
tire, brake and engine wear, de-icing sands and salts, and 
other mobile sources; and information about what control 
strategies are reasonably available. Additionally, the cost 
effectiveness of various strategies should be researched 
and documented. 

Heavy duty vehicles (8,500 lbs. and over) are significant 
contributors of NOx, SOx, and PM10 emissions, and also 
contribute to CO and HC emissions. Emission rates for 
heavy-duty vehicles are related to the vehicle's operating 
characteristics including time of day of travel, tempera
ture, engine classifications and loads. Research is needed 
to specifically focus on emissions from heavy-duty vehi-
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cles and to understand and document the emission rates of 
heavy-duty vehicles as a function of engine load and on 
road activity, to explore reasonable control strategies to 
reduce emissions from heavy-duty vehicles, and to de
velop methods to analyze heavy-duty emissions as a sepa
rate component in future travel demand modeling. 

A small fraction of light-duty vehicles is responsible for a 
large fraction of fleet emissions. These vehicles typically 
exhibit high emission rates during all operating condi
tions. Research is needed to identify these vehicles ("high 
emitters") in urban areas and quantify their emissions so 
that improved emission reduction strategies targeting this 
significant subset of the vehicle fleet can be developed 
and implemented. 

The need for infonnation required by CAAA and ISTEA 
guidance and regulations published on VMT forecasting, 
transportation and air quality planning, state implementa
tion plan development, motor vehicle inspection and 
maintenance, the CMAQ program, TCMs, and conformity 
have placed a significant burden on state and regional 
officials. Depending on their classifications, some nonat
tainment areas have to meet mobile source requirements 
relating to inspection and maintenance programs, vapor 
recovery systems, clean fuel fleet programs, VMT limita
tions, refonnulated gasoline, or oxygenated fuels. The 
developrnent of a systematical network for assessing 
regulations, policies, and compliance issues is needed. In 
adcii1ion, me impac1s of Ihese reguiacions, me mocieis m 
be used, and changes in compliance requirements should 
be evaluated efficiently and systematically. 

The CAAA includes fuel along with vehicle technology as 
a potential source and target of emission reductions. The 
CAAA mandates that improved gasoline formulations be 
sold in some cities to reduce emissions of carbon monox
ide or ozone-forming hydrocarbons. Other programs set 
low vehicle emission standards to stimulate the introduc
tion of even cleaner cars and fuels. Research to identify 
the most promising ways to increase the market for and 
use of alternatively fueled fleets is needed, with an em
phasis on the early transition of publicly and commer
cially operated fleets--i.nc!uding needed fueling infrastruc
ture. 

Experts and the public have become concerned about 
previously unrecognized environmental threats such as 
greenhouse effect (global warming), acid rain, and air 
toxics. The relationships between these threats and air 
emissions from transportation sources become new areas 
for needed research. For example, climate observation 
shows that the human-induced climate change has been 
caused by changing composition of the atmosphere and 
increasing air pollutants. As selected for emphasis, car-
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bon dioxide (CO2) and methane (CH4) are increasing in 
the atmosphere and play a role in governing the global 
climate by absorbing and re-emitting infrared radiation 
that would otherwise escape directly into space, thereby 
trapping heat. These heat-trapping gases keep the earth's 
surface warmer than it would otherwise be. In addition, 
because ozone also acts as a greenhouse gas, an increase 
in ozone concentration in the free troposphere will have 
climatic consequences. The projected climate changes are 
further enhanced by other air pollution problems created 
by people, such as acid precipitation, which involves a 
complex pattern of emission sources of SO2 leading to 
complicated chemical and physical reactions in the at
mosphere. 

RESEARCH NEEDS STATEMENTS 

Title: Particulate Matter Source Apportionment and 
Control Strategy Synthesis 

Problem Statement: Characterization of the size, 
distribution, and effects of airborne particulate matter has 
identified fine particles of 2.5 microns and less in diame
ter (PM25) as a significant contributor to human health 
problems, including asthma, chronic respiratory irritation, 
toxic exposure, and possible carcinogenesis. In recogni
tion of these effects, EPA is proposing standards for this 
extremely fine particulate matter in ambient air that will 
supplement standards for IO-micron and smaller particles 
(PMio) already in place. Combustion of transportation 
fuel is implicated as a major source of these fine particles, 
with tire, engine and brake wear, road de-icing sub
stances, and re-entrainment of road dust also identified as 
transportation-related contributors. Imposition of more 
stringent emission standards and controls on these sources 
will result in substantial costs for engine and vehicle 
manufacturers, petroleum producers, and owners and 
operators of commercial trucks. However, the allocation 
of responsibility across sources and the need for specific 
source controls have not been reliably established. For 
example, there is apparent inconsistency between the 
share of fine particles presumably represented by PM25 

and their share of total ambient particulate mass, which 
may incorrectly implicate some sources beyond their ac
tual culpability. Moreover, the contribution of mobile 
sources cannot accurately be established without compre
hensive speciation, which has not yet been perfonned in 
most areas with high ambient levels of fine particulate. 
(EPA is expected soon to issue monitoring and assaying 
protocols that will enable this to occur.) Finally, there 
may be yet unidentified synergism between ozone control 
strategies already in place or soon to be implemented and 
effective means of PM10 and PM2_5 reduction. 
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Many new topics need to be explored such as; the impact 
of alternative fuels on greenhouse gases; model develop
ment for estimating CO2 from motor vehicles based on 
fuel consumption; feasibility of setting international 
greenhouse gas standards and impacts on the economy; 
feasibility of future long term emission reductions in 
mobile engine exhausts; evaporative emission controls 
during refueling, storage, and dispensing; the role of 
emission credit programs in regional emission reduction; 
and the study of the linkages between land use and air 
quality. 

Proposed Research: (1) Review available data on 
recorded concentrations of fine particles and their loca
tions, and special studies conducted on the topic; (2) ob
tain fine particle measurements near and at longer down
wind distances (up to 500 meters) from a cross section of 
roadway types in urban areas situated in differing clima
tological regimes (e.g., arid to semi-arid, forested, agricul
tural prairie, humid to subtropical), focusing on the varia
tion by vehicular speed, traffic volume, and composition; 
(3) perform speciation and source apportionment studies 
for concentrations measured near each roadway, and sub
tract background concentrations measured upwind of the 
source; (4) quantify relationships among the contributions 
by re-entrained dust; diesel combustion; gasoline com
bustion; tire, brake, and engine wear; and de-icing 
sand/salts; and explore how these might differ by traffic 
volume and level of service as well as seasonality, wind 
and atmospheric stability conditions; (5) attempt to iden
tify differences among fuels and engine displacements 
using bench testing, as necessary; (6) develop a synthesis 
of reasonable available control technologies, including 
those already in ozone control strategies and SIPs. Possi
ble follow-on research would include identification of 
cost-effective controls that target the most important con
tributors. EPA 's interest in supporting this project should 
be explored. 

Cost: $450,000 
Duration: 24 months 

Title: Heavy Duty Vehicle Emissions and Activity 
Levels 

Problem Statement: None of the current research 
projects focus specifically on the emissions inventory for 
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heavy-duty vehicles. Research in the area focuses pri
marily on light duty vehicles because they are the largest 
emission component of the mobile source problem. How
ever, Heavy Duty Vehicles (HDVs), those vehicles above 
8,500 pounds gross vehicle weight rating, are significant 
contributors ofNOx, SOx, and PM10 (exhaust) emissions, 
and also contribute to CO and HCs. Emission rates for 
HDVs are related to the vehicles' operating characteristics 
(such as time of day), engine classifications and loads. 

Proposed Research: Undertake a research effort for 
heavy-duty vehicles that encompasses (I) a characteriza
tion of the emission rates as a function of engines (size, 
maintenance, rebuilds, etc.), and engine load parameters 
or load surrogates (including payload, idling, and speed 
acceleration profiles), (2) area-specific studies of on-road 
activity that can be reliably linked to emission rates for 
short and long-distance motor carriers and for inter-city 
buses, (3) an analysis of the effectiveness of HDV emis
sions testing procedures and modeling techniques ( using 
data from CARB, EPA, or other parties), (4) the implica-
tions of new engine technologies developed for the 1998 
HOV emission standards and the proposed 2004 emission 
standards, and (5) a demonstration of how the framework 
could be used to evaluate operational changes to achieve 
emissions reductions. The research will not encompass 
proprietary infonnation on HDV fleets' routes, destina
tions, or origins. Because the pollutant emissions and 
type of driving modes of these vehicles are different from 
passenger cars, this type of data would allow the analysis 
of HDV emissions as a separate component in future 
travel demand modeling. 

Cost: $1,000,000 
Duration: 36 months 

Title: Land Use/Neo-Traditional Development and Air 
Quality 

Problem Statement: Traditional policies and market 
forces direct growth and development in American cities 
to low density and land-use-segregated development. 
This development pattern results in greater transportation 
infrastructure requirements and costs, limited access to 
alternative modes for much of the population, and de
graded air quality. Recent studies have indicated that 
higher density, mixed use, transit and pedestrian oriented 
development may reduce vehicle-trip making. The results 
of these studies, generally of older traditional urban 
neighborhoods, vary significantly, but after controlling for 
income and household size do generally indicate a reduc
tion in vehicle use. Neo-traditional developments are 
being proposed and to a limited extent built as a higher 
density, mixed use alternative to traditional suburban 
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development. Little is known about the potential market 
penetration of such developments or about the impact of 
such developments on air pollutant emissions. 

Proposed Research: (l) Conduct case studies to 
identify the impact of neo-traditional development pat
terns in suburban and in-fill settings on personal transpor
tation decisions (including auto ownership and trip mak
ing by motorized and non-motorized modes). (2) Identify 
development pattern factors that impact vehicular travel 
and can be measured and included in travel models. This 
includes identification of factors that influence use of non
motorized modes. (3) Identify and estimate the market 
potential for high density/mixed use development in vari
ous metropolitan settings (including in-fill versus subur
ban locations, and high growth versus stable metropolitan 
areas). (4) Identify obstacles to implementation of in-fill 
and neo-traditional developments from both the public 
sector (for example zoning and regulatory requirements 
such as street width and access control) and private sector 
(for example financial institutional lending practices and 
parking standards set by private investors). (5) Estimate 
the time frame for implementation. (6) Estimate the local 
and regional level impacts on vehicle use, 
speed/acceleration profiles and resultant modal emissions, 
and transportation infrastructure impacts of implementing 
such development patterns in a number of prototypical 
metropolitan areas. These areas should be chosen to rep
resent various regional growth patterns such as areas ex
periencing fast versus slow growth, and areas with declin
ing central cities versus stable or growing central cities. 

Cost: $750,000 
Duration: 60 months 

Title: Transportation Implications of Proposed 
Changes to the National Ambient Air Quality 
Standards (NAAQS) 

Problem Statement: In November 1996 the Environ
mental Protection Agency will propose changes to the 
NAAQS for ozone and particulate matter (PM). The new 
ozone standard is expected to be significantly more strin
gent, and a new standard for very small particles (PM2 _5) 

will likely be proposed in addition to retaining the current 
standard for PM 10. The proposed rules are expected to 
become final in June of 1997. For ozone and PM, the 
number of counties in nonattainment is expected to triple, 
indicating increases in the number and the size of current 
nonattainment areas. These new standards could require 
fundamental changes in the approach used to plan for and 
improve air quality. New control strategies or a shift to
ward more regional control strategies may be necessary, 
and new considerations regarding ozone transport and 
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VMT may arise. The new NAAQS could also precipitate 
changes to transportation planning on a par with those 
effected under the 1990 Clean Air Act Amendments 
(CAAA) and create new administrative burdens for fed
eral, state, and local agencies. Further, the linkages 
forged between the ISTEA and the CAAA to blend trans
portation and air quality concerns, including the confor
mity provisions, the CMAQ program, the emphasis on 
TCMs, development of State Implementation Plans, and 
the application of highway sanctions, may be disrupted. 
The full nature, magnitude and scope of these changes is 
unknown, and research is needed to prepare the transpor
tation community to address them. 

Proposed Research: l) Determine the significance 
of the proposed standards on current approaches to reach 
attainment. Specifically address the anticipated effective
ness of regional control strategies, such as inspection and 
maintenance programs and clean fuel programs, versus 
local control programs, such as traditional TCMs. 2) 
Identify the impacts of the new standards on the transpor
tation planning process and the mismatch between the size 
of metropolitan areas where planning requirements (fiscal 
constraint, etc.) are currently applied and new, larger 
nonattainrnent areas. Identify data requirements and 
model developments needed to apply the transportation 
planning process to larger areas. 3) Assess the current 
conformity requirements in light of the new standards and 
new, larger nonattainment areas. Suggest changes to the 
current approach taken under the conformity regulation. 
4) Determine the effect of the new standards on current 
and possible linkages between the CAAA and the ISTEA. 
Suggest legislative, regulatory and administrative changes 
to insure that effective transportation programs and plan
ning processes to improve air quality are aligned with the 
latest approaches to effect clean air resulting from the new 
standards. EPA's interest in supporting this project 
should be explored. This project should start as soon as 
possible after the final rules establishing the new NAAQS 
are promulgated. 

Cost: $250,000 
Duration: 18 months 

Title: Subfleet Technology and High Emitter Chanc
terization 

Problem Statement: A small fraction of light-duty 
vehicles on the roadway is responsible for a large fraction 
of fleet emissions. These "high emitters" (i.e. malfunc
tioning and tampered vehicles) typically exhibit high 
emissions rates under all operating conditions. High 
emitters are usually defined relative to the emissions of 
other vehicles within a technology group (model year and 
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emission control technology groups that behave similarly 
with respect to emissions production). Thus, when a new 
vehicle and an old vehicle both exhibit a large gram/mile 
emissions rate, the new vehicle might be considered a 
high emitter while the older vehicle might be considered a 
normal emitter. The literature provides a wide range of 
estimated emission inventory contributions from high 
emitters (e.g. 10% of the vehicles are responsible for 50% 
of the emissions, or 20% of the vehicles are responsible 
for 50% of the emissions). The differences in contribu
tion estimates stem from differences in "high emitter" 
definitions and methods used to estimate the activity and 
emissions rates for these vehicle groups. Clear high 
emitter definitions are needed. New methods to identify 
these vehicles in urban areas (both spatially and tempo
rally) and to quantify their emissions will lead to im
proved emissions modeling and will provide a basis for 
improving emission reduction policies that target subsets 
of the vehicle fleet. 

Proposed Research: Undertake a literature review 
on light-duty vehicles high emitter definitions for CO, 
CO2, HC, and NOx, and evaluate the previous studies to 
ensure that technology group definitions represent groups 
of vehicles that behave similarly in terms of emissions 
production. Based upon the literature review, and analy
sis of existing data, identify the cutpoints that should be 
used by pollutant (in grams/mile or grams/second) to de
fme high emitting vehicles for various technology groups. 
Develop means (either through remote sensing networks, 
IM240 or other IM program test results, and/or actual on
road in-use testing) to identify the emitter characteristics 
of vehicles on urban roadways such that the fraction of 
high emitting vehicles for each technology group can be 
identified and the activity can be tied to appropriate 
emissions rates in the MOBILE model. Develop basic 
methods to apply on-road technology group fractions and 
emitter distributions within the context of 4-step travel 
demand modeling and HPMS modeling frameworks so 
that local subfleet information can be used in the 
MOBILE6 emissions modeling process. Implement these 
basic methods in three urban areas that exhibit diverse 
geographic, socioeconomic, aggregate fleet, and inspec
tion and maintenance program characteristics. Based 
upon analytical results for these areas, analyz.e the spatial 
and temporal distributions of high emitting vehicle opera
tion as a function of vehicle registration and socioeco
nomic parameters. In addition to analyzing high emitter 
activity by technology group, also analyze the overall 
impacts of the highest emitting vehicles in the fleet. 
Identify technology or socioeconomic factors that appear 
to influence the fraction of high emitters in operation 
throughout the network. Based upon the cross-city re
su Its, analyze the potential effectiveness of control strate
gies designed to reduce the on-road fraction of high emit-
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ting vehicles within and across technology groups. 
Analyses may include: l) I/M repair policy changes and 
other 1/M improvements, 2) implementation of focused 
vehicle scrappage programs, 3) manufacturer recall for 
specific failures, and 4) emissions-based annual vehicle 
registration fee programs. All analyses should include an 
overview discussion on equity impacts based upon high 
emitter ownership and socioeconomic correlations. 

Cost: $300,000 
Duration: 18 months 

Title: Pollution Emissions from Specialty Fleet Vehi
cles 

Problem Statement: Conventional motor vehicle 
emissions inventories and control strategy analyses in
clude estimates of air pollutant emissions that are based 
on average emission rates and estimated VMT for broad 
classes of motor vehicles (for example, light-duty gasoline 
vehicles, which roughly corresponds to passenger auto
mobiles). Vehicle emission factor models such as 
tv10BILE muy understate emission rates fer special
purpose subgroups that are used particularly intensively or 
that operate under conditions that tend to produce ele
vated emission rates. These subgroups include public 
fleets, taxis, rental fleets, panel trucks used by the profes
~ia!!a! !rE!d .. , utility v ... hid':''>, -,!,.,_1ttlP~, ~nn rn:u1y nth~r~ Tn 
addition, the procedures commonly used to estimate 
VMT, including regional travel demand models, fuel 
sales, and vehicle counts on major urban arterials, may 
understate or even omit entirely the contributions of these 
vehicle subgroups. 

Proposed Research: (1) Clarify the extent to which 
emissions (CO, HC, and NOx) from special-purpose ve
hicles are already recognized in developing typical motor 
vehicle emissions inventories and control measure analy~ 
ses. (2) Develop emission rates, using MOBILE or by 
gathering real data from inspection programs, for a num
ber of special-purpose vehicles at the metropolitan level 
(rather than relying on fleet-wide of these parameters). 
(3) Estimate activity (speeds, idling, VMT, etc.) possibly 
using data gathered from instrumented vehicles. (4) Use 
the data to estimate total emissions from these fleets and 
compare the result to the contribution of light-duty vehi
cle emissions in the metropolitan area. (5) In addition, the 
research should identify appropriate control strategies, 
such as conversion to alternative fuels, scrappage, or age 
limits for operation for application to specific vehicle 
classes, to achieve more accurate inventories of total mo
tor vehicle emissions and development of more effective 
policies to reduce these emissions. 
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Cost: $500,000 
Duration: 30 months 

Title: Seasonal and Episodic Transportation Measures 
to Avoid Exceedances 

Problem Statement: A number of regions have 
developed seasonal and/or episodic transportation meas
ures to reduce transportation-related emissions during 
periods of potential high ambient ozone and carbon mon
oxide levels. These approaches generally include broadly 
based public infonnation and outreach campaigns to 
minimize motor vehicle travel during days projected to 
have high pollutant levels. These programs have attracted 
significant employer involvement and support. While 
some evaluation has been done of their effectiveness, their 
actual results in reducing emissions are uncertain. Some 
areas use these measures as contingency measures to 
avoid ozone exceedances, others wish to claim credit for 
the emissions reduced in their State Implementation Plans 
(SIPs). To date the EPA has discouraged episodic or sea
sonal strategies, however, recently they have shown an 
-inter.Q~f in 1n"Pctig~tLn.g thP pffif'~r-.y nf <:.11f"h mP~c:nrP~. 

Recently, the EPA commissioned a study of current epi
sodic measures including a preliminary assessment of 
their effectiveness. 

Proposed Research: This research would develop a 
menu of program components and resources appropriate 
for various air quality areas including scenarios for both 
episodic and seasonal measures arraying the pros and cons 
of each potential approach. The research would include 
the following components: 1) Define a range of transpor
tation behaviors (such as mode shifts, trip substitutions as 
well as driving to minimize extreme modal emissions of 
heavy accelerations and high speeds). 2) Define and 
estimate potential targets by specific transportation market 
niches through various market research techniques such as 
focus groups. 3) Estimate the potential and the magni
tude of marketing resources that would be necessary to 
achieve the potential targets, drawing on the experience of 
such systematic public awareness programs as energy 
conservation, waste recycling and non-smoking. 4) Es
timate the emissions reductions, energy and carbon diox
ide impacts of the varying marketing approaches. 5) 
Identify and develop tools to predict likely travel behavior 
and emission reduction benefits, and evaluation mecha
nisms to measure and quantify the results such as personal 
travel surveys, traffic monitoring, trausit boarding counts, 
and fuel sales. 6) Demonstrate how these tools can be 
applied in one area. 7) Estimate the cost-effectiveness of 
the various measures. 8) Identify cooperative mecha
nisms for the public and private sector to sustain the pub
lic awareness program and measures over time. 9) De-
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velop criteria to be met if such measures are to be in
cluded for emission reduction credits in SIPs including: 
permanence (long term commitment and resources to 
sustain the public awareness effort); quantification; and 
enforceability (including that there is an established 
mechanism to continue to monitor the program and results 
into the future). 

Cost: $250,000 
Duration: 24 months 

Title: Modification of HPMS for Air Quality Analysis 

Problem Statement: The Highway Performance 
Monitoring System (HPMS) was developed as a tool to 
track national vehicle miles traveled (VMT) and roadway 
conditions. Although this system was not developed for 
air quality analysis purposes, EPA requires that it b~ used 
for evaluating nonattainment area VMT in State Imple
mentation Plans. A variety of air quality control measures 
will automatically be invoked if HPMS VMT exceed SIP 
projections by 3% or more. Proposed changes to the Na
tional Ambient Air Quality Standards (NAAQS) for ozone 
and particulate matter may greatly increase the number of 
nonattainment areas forced to use HPMS data. Many 
potential nonattainment areas under the new NAAQS lack 
adequate travel demand models and will be required to 
use HPMS data in SIP development. Some HPMS facility 
classifications are different than those used in travel de
mand modeling. Due to problems with data compatibility, 
HPMS data cannot readily be used to evaluate and im
prove travel demand model VMT estimates. Jn many 
areas, HPMS may not be the most accurate method of 
reporting VMT. More extensive counts or Intelligent 
Transportation Systems, Congestion Management Sys
tems data may be available and may be more accurate 
thanHPMS. 

Proposed Research: For urban areas of varying size, 
evaluate the current accuracy of HPMS by comparing 
estimates to actual ground counts and examining the 
sampling network for potential bias. Based on this work, 
determine the overall uncertainty of HPMS-derived re
gional pollutant emissions estimates. Make recommenda
tions on how to supplement or modify HPMS to achieve 
the desired accuracy. Develop guidelines for making 
HPMS facility types consistent with travel demand model 
facility types and for applying HPMS or a similar system 
in areas that may soon face new conformity requirements 
under the proposed changes to the National Ambient Air 
Quality Standards. 

Cost: $200,000 
Duration: 24 months 

Title: Latent and Induced Demand from Effective 
Capacity Changes 
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Problem Statement: Driver trip-making response to 
added capacity has been the subject of several studies. 
This work generally indicates the potential for added ca
pacity to increase demand, so that resultant flow im
provements may be only temporary. The reverse phe
nomenon is of interest as well: reductions in capacity 
through traffic calming, road closure, etc. may result in 
diminished demand. More study is needed to detennine 
the demand implications of a wide variety of measures 
that effectively increase capacity, including add-a-lane 
HOV, pricing, new transit services, lTS and other traffic 
flow improvements. Flow improvements can also serve 
as an incentive for new development and changes in land 
use at the local level. Hence, emissions from new area 
and indirect sources may also be facilitated by roadway 
capacity increases. 

Proposed Research: Review literature on latent and 
induced demand. Identify projects or areas in which 
change in demand has been documented in response to 
increases or decreases in effective capacity. Examine and 
synthesize data from these examples. Effects of changes 
in occupancy restrictions for HOV lanes should be stud
ied, as should volume changes in response to transporta
tion control measures, including traffic flow improve
ments and traffic calming. The relationship between the 
growth of area and indirect source emissions along ex
panded highway and transit corridors should also be in
vestigated. Identify MPOs that have included or propose 
to include in their four-step models feedback to trip gen
eration, trip distribution and time of day of travel to re
flect latent demand phenomena. Produce guidelines for 
adjusting models estimating highway vehicle emissions to 
reflect the consequences of changes in effective capacity. 

Cost: $300,000 
Duration: 24 months 

Title: Ambient Microscale Monitoring for Project 
Compliance with the National Ambient Air Qual
ity Standards 

Problem Statement: Of the National Ambient Air 
Quality Standards established by the Environmental Pro
tection Agency, carbon monoxide (CO) and particulate 
matter (fine dust less than IO microns in diameter) are 
generally considered to have a near facility/ hot spot or 
micro scale level impacts, i.e. their concentration can 
change significantly within a short distance of the trans
portation facility. Transportation conformity require-
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ments establish complex analysis requirements for trans
portation projects located in areas designated non
attainment or maintenance for these pollutants. Tn these 
areas a project cannot proceed if the analysis shows the 
action may cause or contribute to a new violntion of the 
standards and/or increase the number or severity of exist
ing violations. In attainment areas such analysis may 
raise concern that advancing the project could bring the 
area into non-attainment status. 

The existing methodology is not well suited to deal with 
the form or stringency of the standards. Traffic models 
are constructed to describe average, not extreme, operat
ing conditions. Emission models produce regional aver
age emission rates which may not be appropriate at the 
sub-regional or project level. Dispersion models do not 
perform well under the conditions most likely to create 
hotspot conditions (calm or nenr calm wind speeds). 
Background concentrations are often unknown. To over
come these uncertainties and limitations, conservative 
modeling assumptions are used for CO analysis. Micro
scale analysis models for fine particulate have not yet 
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been released by EPA but will doubtless suffer the same 
shortcomings. Unfortunately, while monitored data is 
trending down, analysis results are indicating increasing 
concentrations. Project sponsors would likely accept a 
short term need for monitoring as an alternative to the 
current methods used. 

Proposed Research: Develop detailed methods and 
technical guidance for ambient monitoring at microscale 
levels for determining site and background concentra
tions. Determine if it is possible to directly measure pol
lutant levels in short-term direct monitoring programs 
(day, week, month, 3 month) to give reasonable estimates 
of the potential to exceed standards at the project location. 
An effort should also be made to combine this approach 
with existing screening methods. This research would 
allow for rapid and relinble determination of hot spot 
potential for CO and particulates. 

Cost: $500,000 
Duration: 36 months 
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CULTURAL RESOURCES 

WORK GROUP PARTICIPANTS 
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BACKGROUND PAPER 

Sheila Cohen 
Bruce Eberle 
Julie Francis 
Edward H. Hall 

Agency sponsors of transportation projects have a con
tit1Uing responsibility to identify, evaluate, and consider 
project effects on cultural resources in a venue of chang
ing criteria, standards, regulations, and priorities. While 
thousands of previous investigations were performed and 
continue to be performed in compliance with Section 106 
of the National Historic Preservation Act of 1966, as well 
as other federal and state laws and regulations, the state 
DOTs and other agencies are faced with a constantly 
evolving and changing situation which increasingly re
quires the re-evaluation of existing procedures, tech
niques, approaches, and resources. 

Our cultural heritage has been investigated in association 
with transportation projects since the inception of the 
regulations mandating the consideration of project effects 
on cultural resources more than three decades ago. The 
knowledge gained from these investigations often never 
leaves the specific project files of the sponsor agency's 
archives. The dramatic increase of survey, excavation, 
evaluation, and recordation efforts for cultural resources 
associated with the maintenance and improvement of our 
nation's transportation corridors, and the need to success
fully complete highway, bridge, and other transportation 
projects under various constraints, requires better infor
mation integration, synthesis, and dissemination. 

Over the past few years, there have been questions ema
nating from the offices of the transportation agencies, 
cultural resource management professionals, the State 
Historic Preservation Offices, as well as other agencies 
regarding the quantity of data being recovered from these 
investigations, potential for information redundancy, re
petitive investigations and studies, and the lack of 

Delores A. Hall 
Terry H. Klein 
Charles Scott 
Pamela S. Stephenson 
Evelyn M. Tidlow 

broader-based research. Although the identification, 
evaluation, and consideration of these nonrenewable re
sources is consistent with the spirit of preservation, reposi
tories are increasingly overwhelmed with the materials of 
our distant and recent past. Moreover, cultural resource 
investigations conducted for transportation projects sel
dom look beyond the domain of the specific project to 
disseminate the resu Its of the findings. Many of the state 
preservation offices maintain the files, reports, and site 
survey forms from investigations conducted within their 
jurisdiction, but few have either obtained the necessary 
funding and/or support personnel to aggressively dissemi
nate the data or even pursue the applicability of the avail
able data as a management, scholarly, or educational tool. 

In response to these concerns, one of the most widely 
discussed topics has been the need for centrally indexed 
(computerized) cultural resource databases for cultural, 
historical and archaeological properties. The develop
ment of computerized statewide and/or regional cultural 
resource databases would serve as an important manage
ment tool to afford improved efficiency and effectiveness 
in the project planning, review, and approval process, as 
well as encourage scholarly and educational pursuits 
through the utilization and application of all types of data 
associated with cultural, historical, and archaeological 
studies. As envisioned, database integration, information 
sharing among historic preservation professionals and 
agencies, and networking would allow for the automation 
of the existing manual systems with faster and more accu
rate results; expand the interpretation of data to analyze 
trends that could be used to minimize redundancy in data 
collection; improve cultural resource information ex
change; promote more efficient cultural resource man-
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agement and improve the coordination of state archaeo
logical and historical programs; provide important site 
location data for making decisions about fumre studies 
(i.e., predictive modeling smdies); and stimulate and im
prove broad-based research of our cultural history. 

Another issue of concern for the sponsors of transporta
tion projects across the country is the interpretive vari
ability of the intent of the regulations and laws mandating 
cultural resource investigations. As formalized, the un
derlying intent of the laws and regulations is the identifi
cation, evaluation and consideration of cultural, historical, 
and archaeological resources. The actual implementation 
of state policies and procedures that define the techniques, 
level of effort, and detail expected in these studies fre
quently tends to be extremely rigorous and costly. A 
review of investigations perfonned over the past decade 
may provide valuable information for current and future 
projects and may benefit State DOTs and historic preser
vation specialists attempting to compile basic guidelines 
for transportation projects. 

The ambiguity and frustration in performing cultural re
source investigations for transportation projects i.~ further 
complicated by the difficulty in defining study area limits, 
areas of potential effect, and resource boundaries. Ongo
ing and unresolved issues that are generally handled on a 
project by project basis include the delineation of the 
right-of-way, take areas, and temporary construction 
zones, as well as the need, if any, for additional buffer 
zones outside the legal limits of the project. There also is 
the issue of research conducted on private property (rights 
of entry and ownership of data) and the dilemma of defin
ing site boundaries and assessing impacts when only a 
portion of a resource is located within the area of potential 
effect. Last but not least, is the difficulty of assessing 
impacts to linear cultural resources such as former trans
portation features. In many areas of the country, the 
modem transportation system superseded earlier fonns of 
transportation such as canals, trails, railroad and trolley 
lines, and toll roads or turnpikes. Given the lack of any 
formal guidelines, the problem, especially for smaller 
projects, is how to evaluate these types of resources 
within the scope of a specific project without performing 
extensive research on the entirety of the resource. 

As the interpretation of Section 106 and historic preserva
tion standards continues to evolve, there have been few 
innovations in the area of preservation and mitigation 
strategies for endangered cultural resources. New tech
niques and methodologies for the identification and 
evaluation of archaeological resources continue to be 
explored and implemented; however, little time and en
ergy have been devoted to their ultimate use and man
agement. Although avoidance of significant cultural re-
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sources is always the preferred alternative, full scale data 
recovery of archaeological sites or HABS/HAER recor
dation of buildings and structures prior to their demolition 
are typically employed as mitigation measures on trans
portation projects. This is perceived as the traditionally 
accepted, yet costly, solution for many transportation 
project sponsors who are charged with the responsibility 
of maintaining or improving the transportation system 
within time and budgetary constraints. As previously 
mentioned, the drawback to data recovery/recordation 
mitigation measures is that the information recovered is 
fmwarded to the state or federal repositories where direct 
access to the benefits of this research by the public is lim
ited. Mitigation measures such as in-place preservation or 
fonnal burial of archaeological sites, mitigation banking, 
or the adaptive re-use, dismantling and/or relocation of 
historic properties might be reexamined both for their 
applicability and effectiveness as a preservation strategy, 
and for their potential to contribute cost-effective solu
tions to transportation-related projects while simultane
ously protecting vital fragments of our nation's cultural 
heritage. 

From an archaeological perspective, the effects of fill, 
geotextiles, and other materials utilized in the formal 
burial· of archaeological sites might also be reexamined. 
Computer models and simulations and/or experimental 
archaeology might provide pertinent information to facili
tate discussions with the state historic preservation spe
cialists in the hope of developing new mitigation strate
gies. In-place preservation of archaeological sites at this 
point in time might afford the opportunity for cultural 
resource professionals to assimilate the available infor
mation and encourage the development of new or revised 
research questions. Furthermore, in-place preservation of 
archaeological sites could save sufficient numbers of these 
endangered resources for future investigations when 
methods of analyzing data and retrieval of vital fragments 
of our past may be better developed. 

Alternative mitigation measures for historic architectural 
properties in light of engineering and funding considera
tions also warrant further scrutiny. AASHTO standards 
and guidelines are often used to support recommenda
tions to repl11t.:t a bri<lgt rnU1er than to rehabilitate the 
structure in order to attain the level of design and/or op
erational engineering that is currently considered to be 
acceptable. The future consideration of alternatives 
should likely include an evaluation of the level of success 
of marketing programs for the sale and relocation of his• 
toric properties and the possibilities of establishing relo
cation and adaptive re-use funds for historic properties 
related to proposed transportation projects. 
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Finally, the enhancement of public involvement and edu
cationaJ/interpretive programs demands further attention. 
The m3:jority of transportation projects are funded with 
public monies, yet few citizens are aware of the results of 
cultural resource investigations or the value of these en
dangered resources. A more structured program of public 
outreach appears to be crucial to the success rates of fu
ture transportation projects. It may be appropriate to es
tablish funding line items or trust funds for public out
reach programs such as the development of pamphlets, 

RESEARCH NEEDS STATEMENTS 

Title: Review and Improvement of the Existing Proc
esses and Procedures for Evaluating Cultural Re
source Significance 

Problem Statement: One of lhe most important and 
critical problems faced by state and local transportation 
agencies is how to determine the significance of cultural 
resources (including but not limited to archeologicaJ sites, 
historic structures, traditional cultures, and cul
tural/historica I landscapes). Significance refers to cultural 
resources that meet National Register of Historic Places 
criteria, state register criteria, and local and tribal desig
nations. How resource significance is evaluated has di
rect and measurable effects on the scope, design, schedul
ing, and cost of transportation projects, as well as the 
protection of cultural resources. 

Currently, the processes for evaluating significance are 
performed on a piecemeal basis and are generally done 
within the limited context of specific transportation proj
ects. Decisions on significance are often made without 
reference to previous work or existing infonnation, and 
are frequently based on out-of-date infonnation about the 
location, nature, significance, and treatment of cultural 
resources within a given area. There is also a perception 
by transportation officials that cultural resource specialists 
consider everylhing to be significant, resulting in the in
ventory, evaluation, and treatment of resources in a re
dundant fashion. This is a problem which involves state 
and locaJ programs. Numerous professional associations, 
academic institutions, and state and federal agencies are 
finding that the use of data base management systems and 
the generation of useful contexts and syntheses are very 
helpful tools to assess cultural resource significance. 
However, this has often been done on a local basis using 
highly variable techniques and tools, ranging from simple 
paper files to Geographic Information Systems. Most 
transportation officials are unaware of what has been ac
complished by these groups. The usefulness and cost ef-
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videos, posters, lectures, curriculum packages, or other 
educational or interpretive programs. 

In summary, our nation's cultural heritage includes a con
tinually diminishing number of nonrenewable resources 
that without creative planning and application of new 
technologies will be lost forever. As we approach the 
twenty-first century, we need to continue to learn from the 
past and anticipate the future. 

fectiveness of these efforts has not been fully assessed in 
the context of transportation projects. 

Transportation professionals are being caJled upon to 
make better decisions on how to more efficiently manage 
funds and resources. In order to make better decisions 
about cultural resources, a review is needed of: 1) existing 
database management systems and 2) the mechanisms for 
generating cultural contexts employed by tribal, state, and 
federal agencies. These systems and mechanisms need to 
be evaluated for their ability to quickly and efficiently 
access existing information on cultural resources and to 
provide a framework in which resources are evaluated 
(i.e. the cultural context) and redundancies are identified. 
By addressing these needs, transportation officials will be 
able to make informed choices about database manage
ment approaches and define the most appropriate proce~s 
for generating useful contexts leading to better determi
nations of resource significance. Furthennore, this will 
enable transportation officials to focus time and money 
on those cultural resources that are of value to the many 
communities served by the transportation project. 

Proposed Research: (l) Conduct a national review 
of database management systems used and being devel
oped by state and local agencies that collect and process 
cultural resource information. (2) Conduct a nationwide 
review of the processes that have been used to generate 
cultural contexts and/or syntheses that have been deter
mined helpful by transportation agencies. These proc
esses include agency overviews, resource management 
plans, state plans generated by SHPOs, tribal preservation 
plans, and local government preserv~tion plans. (~) 
Evaluate database management systems m terms of therr 
ability to provide access to usable data. ( 4) Evaluate the 
processes used to generate cultural contexts and synthe
ses and whether these contexts have been usable to assess 
resource significance. (5) Make recommendations as to 
best practices for database management systems and gen
eration of cultural contexts and syntheses. (6) Compile 
lhese findings into a comprehensive report for distribution 
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to transportation officials and cultural resources profes
sionals for review. This report will provide recommenda
tions for implementation of best practices. 

Duration: 24 months 
Cost: $400,000.00 

Title: Identification of Techniques to Improve Pub
lic/Private Dialogue Regarding Impacts and Bene
fits of TrAnsportation Projects on Cultural Re
sources 

Problem Statement: There is a need to have a dialogue 
with the public on how to incorporate their cul
tural/historical values into the project planning and devel
opment. This will result in an early identification of po
tential public controversy or fatal flaws over cultural 
resources that could cause project development schedule 
delays. In addition, the study of cultural resources 
(including, but not limited to: archeological sites, tradi
tional cultures, historic structures and cultural historic 
landscapes) in transportation project development often is 
viewtd as technical infom-.atiun to be included in the 
NEPA document as the end-product. This results in a 
lack of direct benefits to the public on what has been 
learned from the cultural resource studies they have 
funded. The information gained from cultural resource 
:;tu.die:-; need~ tc be :!rticulated in non-t~chnica! tenns and 
shared with the community in ways that will not threaten 
the sensitivity of the cultural resources. 

Proposed Research: (1) Survey the state Departments of 
Transportation and federal agencies to gather examples of 
standard and innovative approaches where cul
tural/historical values of the community have been incor
porated into project development; (2) Survey the state 
Departments of Transportation and federal agencies to 
gather examples of standard and innovative approaches 
in sharing cultural resource infonnation with the com
munity that directly benefits both the resources and the 
community; (3) Evaluate the effectiveness of these ap
proaches in terms of : 

• community satisfaction; 
• educational benefits; 
• economic benefits; and 
• overall time-cost factors in project development. 

(4) Provide recommendations and guidelines on "Best 
Practices" that will maximize public participation into 
how the transportation project best serves the cul
tural/historical values of the community; disseminate the 
public benefits of cultural survey information; and 
streamline the Section 106 process in transportation proj-
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ect development by early identification and consideration 
of cultural resources. 

Duration: 18 months 
Cost: $350,000 

Title: How Do You Successfully Incorporate 550 
Tribal Nations in an Existing Transportation Net
work which Recognizes the Value of Culture and 
Respects Sovereign Authority? 

Problem Statement: Cultural resources (including 
but not limited to: archeological sites, traditional cultures, 
historic structures, and cultural/historic landscapes) are 
critical elements of aesthetic value for the scenic byways 
program, heritage areas, tourism initiatives, and corridor 
management plans. The traditional cultures that exist in 
this country transcend the idea of historic places or land
scapes and are inherent in the vital communities identified 
by sovereign American Indian and Alaskan Native Na
tions. They, as well as other traditional cultures, should be 
recognized as assets and incorporated in the transportation 

With over 550 federally recognized tribal nations from the 
east coast to the west, incorporation of Traditional Cul
tures into the context of cultural resources for use by 
t!ll.I!sport~tirm profosskinals :incl communities is prob
lematic. This includes: transportation planning, impact 
analysis, public involvement, corridor preserva
tion/development, and economic enhancement considera
tions (tourism and trade). Currently Sovereign Tribal Na
tions are not included in transportation decision making. 
The status that Sovereign Tribal Nations enjoy and the 
legal implications of that sovereignty are often overlooked 
by transportation professionals. Traditionally, transporta
tion officials have worked with the Department of Interior 
(DOI), Bureau of Indian Affairs (BIA) in transportation 
planning and project implementation. However, tribal 
nations are identified under the Constitution as sovereign, 
with authority to develop and implement transportation 
infrastructure. ISTEA recognizes the status of tribal gov
ernments in various programs including: Statewide Plan
ning, Transportation Enhancements, Scenic Byways, Lo
cal Technical Assistance Program, and the Indian 
Reservation Road Program. Thus Tribal Governments are 
key decision makers as well as the BIA, and State High
way Administrations (SHAs) and USDOT. 

Proposed Research: Examine what has been ac
complished with respect to transportation partnerships 
which include tribal governments since ISTEA. 
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• What are the Best Practices for incorporating Tradi
tional Cultures in the transportation planning, impact 
analysis, public involvement, corridor preserva
tion/development, and economic enhancement con
siderations (tourism and trade). 

• How many states have established a partnership with 
tribal governments for decision making? 

• Have tribal governments been involved in transporta
tion decision making? 

• Have tribes been informed of their role in transporta
tion planning and project implementation? 

• Have any tribes defined a role for themselves? 
• What role have tribes had as a partner in transporta-

tion related tourism planning? 

A report reflecting the results of the study will include 
recommendations and guidance to implement Best Prac
tices. The report will to be distributed to SHAs, FHW A, 
Tribal governments, State Departments of tourism, Fed
eral Land Agencies, Scenic Byways organizations, BIA, 
Metropolitan Planning Organizations, Regional Planning 
Commissions, etc. 

Duration: 24 months 
Cost: $400,000 

Title: Development of Effects Assessment Guidance 

Problem Statement: For cultural resources (including, 
but not limited to, archaeological sites, traditional cul
tures, historic structures, and cultural/historic landscapes), 
effects assessment is neither well understood by the trans
portation agencies, the public or the State Historic Preser
vation Officers (SHPOs) nor consistently applied to all 
transportation projects. The consequences of this lack of 
understanding and consistent application of effects as
sessment are: difficulty in assessing the full range of ef
fects, misunderstanding by the public of the costs and 
benefits of transportation projects, project delays, and 
ultimately, the potential for projects to not adequately 
protect cultural resources. Despite regulatory guidance by 
the Advisory Council on Historic Preservation (ACHP) 
and the USDOT, there is a critical need for a better and 
wider understanding of the effect assessment process as it 
specifically applies to cultural resources in order to ensure 
both the adequate consideration of the fu II range of effects 
on cultural resources, and the development of transporta
tion projects that balance the long term needs of cultural 
resources, transportation and affected communities. 

Assessment of the effects of a proposed transportation 
project is at the core of the comprehensive environmental 
analysis required to shape a project that satisfies transpor
tation needs and ensures maximum protection for cultural 
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resources. For cultural resources, the effects assessment 
begins with the delineation of the Area of Potential Effect 
(APE), moves through the identification of significant 
cultural resources, and evaluates effects on cultural re
sources with the goal of avoiding or minimizing adverse 
effects. Direct effects are most easily and consistently 
evaluated. Indirect, secondary, cumulative, and induced 
effects are not well defined and therefore, not consis
tently considered as part of the effects assessment. In 
fact, guidance as to how to identify and apply the full 
range of project effects is lacking. The assessment of 
effects under Section 106 of the National Historic Preser
vation Act (NHPA) is distinctly different from the 
evaluation of project impacts under Section 4(f) of the US 
DOT Act. Coordination of these two processes is another 
potentially problematic issue deserving review. Addi
tionally, community involvement in the effects assessment 
process is not uniform from agency to agency and state to 
state. 

Proposed Research: l. Review of planning, environ
mental analysis, and preservation literature discussing 
effects assessments as related to transportation projects 
and identification of gaps in the available knowledge. 

II. Survey of federal Department of Transportation agen
cies (FHWA, FTA, FAA), state Departments of Transpor
tation, SHPOs, Metropolitan Planning Organizations 
(MPOs), Regional Planning Commissions (RPCs) and 
Tribal Governments' guidelines and experiences regard
ing delineation of the APE, identification and involvement 
of the affected community, application of effects assess
ments and their coordination under both Section l 06 and 
Section 4(f), and identification of particularly successful 
or problematic projects. 

III. Identification of transportation project types that 
would involve the application of the full range of effects 
assessments (direct, indirect, cumulative, and secondary), 
such as light rail transit (LRT), highway bypasses, airport 
expansions, etc. 

IV. Selection, review and analysis of speci fie case studies 
of completed projects of the type identified in III to 
evaluate the validity and efficacy of the community in
volvement and effects assessments on cultural resources. 

V. Development of recommendations and guidance to be 
used in the process of assessing effects on different types 
of transportation projects. Preparation of draft report for 
review and comment. Incorporation of comments and 
distribution of final report to appropriate public agencies 
and interested professionals. 

Duration: 12 - 18 months 
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Cost: $250,000 - $300,000 

Title: Evaluate Efficiency or "Innovative" vs. 
"Standard" Cultural Resource Mitigations 

Problem Statement: Over the past 30 years a set of a 
few standardized mitigation measures for impacts to 
standing structures and archaeological sites have been 
developed and relied upon by cultural resource profes
sional and transportation officials. These standard mitiga
tion measures generally include archaeological data re
covery and detailed architectural mitigation measures 
typified by Historic American Buildings Surveys (HABS) 
or Historic American Engineering Record Surveys 
(HAER). In many cases, these mitigation measures are 
not tailored to the extent of the project impact or the im
portance of the resource. These standard mitigations fre
quently result in the expenditure of time and funds out of 
proportion to their potential benefit to the public or the 
professional community. Innovative mitigation measures 
may be more appropriate for achieving preservation and 
project goals for many transportation projects. 

Proposed Research: A survey of alternative mitiga
tion strategies will be undertaken. The resu Its of the study 
will have wide applicability for transportation projects 
throughout the country. Communication with professional 
cultural resource mana_gers indicates that creative solu
tions more closely tailored to the needs of the projects and 
resources have been implemented in a limited number of 
cases. One of the goals of the proposed research is to 
evaluate these "solutions" for their wider applicability. 

A survey of the Advisory Council (ACHP), 50 state 
SHPOs and DOTs will be conducted to collect case stud
ies of alternative mitigations that have been success
fully/unsuccessfully employed on cultural resources. The 
case studies will be evaluated in terms of the efficiency of 
time and cost, the appropriateness of scale and wider ap
plicability of the technique. Surveys of other environ
mental specialists and agencies will be conducted to col
lect mitigation concepts employed by them that 
potentially could be applied to cultural resource issues. 

Preliminary research has indicated that innovative ave
nues that might be profitably explored for archaeological 
mitigations could include but not be limited to: resource 
banking, off-site mitigation, and in-place preservation 
( e.g., site burial). Innovative mitigations for architectural 
resources could include but not be limited to: preservation 
easements, land use planning, and adaptive reuse. 

The case studies collected and the techniques identified 
will be synthesized and evaluated. The results of the 
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evaluations will be compiled into a report providing pre
liminary recommendations for the implementation of 
innovative mitigations. These reports will be disseminated 
to focus groups for their review and comment. The com
ments will be incorporated into a final report. 

Duration: 18 - 24 months 
Cost: $360,000 

Title: Identification and Recommendation of Roadway 
Design Considerations That Can Be Modified and 
Applied in Specially Designated Corridors 

Problem Statement: Transportation corridors are 
often within areas that offer cultural, historic, or scenic 
qualities. These qualities are many times strongly em
braced and valued by communities and society in general. 
The roadways within these corridors are recognized for 
this value by receiving an associated designation. These 
designations include: 

• Scenic and Historic Byways; 
• Scenic and Historic Highways; 
• Scenic and Historic Parkways; and 
• Scenic and Historic Roads. 

Other designations with similar issues include: 

• Scenic Parkways; 
• Scenic Byways; 
• Scenic Highways; 
• Scenic Backways; 
• BLM Backways; 
• Forest Service Scenic Byways; 
• NPS Parkways; 
• FHWA: National Scenic Byways; 
• All American Roads; and 
• Locally and Tribally Designated Roads. 

As these facilities receive more use they may require 
modifications to respond to the changes in the level of 
service and to ensure user safety. These improvements 
are sometimes detrimental to the qualities valued within 
u,~ corridor. There is a need to identify those aspects of 
roadway reconstmction that are potentially most detrimen
tal to corridor resources and consider criteria that take 
into account the cultural, historic, and scenic qualities. 
These special criteria would provide a more compatible 
integration with corridor resources while still providing an 
appropriate expectation of safety improvements. 

Proposed Research: l. Identify and reference ongo
ing work which identifies critical cultural, historic and 
scenic elements. 
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2. Perform surveys to establish driver expectation of the 
resource experience. 

3. Perfonn surveys to establish community and resident 
expectations of maintaining the corridor qualities. 

4. Identify, collect and examine previous research, case 
studies, and state programs that will aid in compiling a list 
of the most critical criteria. Potential criteria that may 
have the most influence on corridor compatibility include 
those affecting roadway width, shoulder treatments, ma
terials for roadside appurtenances, grading and drainage 
approaches and solutions, and tree protection and mitiga
tion. 
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5. Detennine trade-offs in degree of facility improvement 
to roadside resource loss for each of the criteria applica
tions. 

6. Recommend an appropriate new range of application 
for the examined criteria which will provide an opportu
nity for a more balanced implementation of driver and 
resident expectations and roadway improvements within 
these sensitive corridors. 

Duration: 24 months 
Cost: $300,000 
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ENERGY CONSERVATION, ALTERNATIVE FUELS & CLIMATE CHANGE 

WORK GROUP PARTICIPANTS 

Jill K. Kruse David L. Greene, Facilitator 
Barry McNutt, Co-Facilitator 
David Chien 

Michael F. Lawrence 
Richard Niedwiecki 

Don Pickrell 
Theresa Smith 
Albert J. Sobey 

BACKGROUND PAPER 

Research on transportation-related energy and fuel topics 
in the transportation arena needs to enhance the under
standing of major fuel control policies and their current 
effects. To set the U.S. fuel economy goals, Congress 
passed the Energy Policy Conservation Act in the 1970's. 
This was followed by a phase-in Corporate Average Fuel 
Economy (CAFE) program with stringent fuel economy 
standards for fuel mileage uses beginning with 1975 ve
hicle models as proposed by the National Highway Traffic 
Safety Administration (NHTSA) in conjunction with the 
U.S. Department of Energy (DOE), through which the 
national fuel conlrol and energy conservation policies 
have been established. As a new emphasis, the 1990 Clean 
Air Act Amendments (CAAA) require the federal gov
ernment to regulate and control the fuel used for cars, 
trucks, and buses to reduce emissions of carbon monox
ide, ozone precursors such as volatile organic compounds 
(VOC) and NOx, particulates, and air toxics, as well as to 
reinforce the continued regulation of lead in gasoline, 
sulfur content in diesel, and the volatility of gasoline, in 
compliance with previous requirements in the 1970s and 
1980s. To reduce the emissions of particulate matter (PM) 
from trucks and buses, the U.S. Environmental Protection 
Agency (EPA) issued regulations to limit the sulfur in 
diesel fuel. In areas exceeding the National Ambient Air 
Quality Standards (NAAQS), the EPA also limits the 
volatility of gasoline to reduce ozone pollution, and re
quested states to provide plans that might include oxy
genated fuel, reformulated fuel, and alternative fuel pro
grams in non-attainment areas. A typical alternative fuel is 
defined as any fuel, such as reformulated gasoline, metha
nol, ethanol or other alcohols, natural gas, diesel, liquefied 
petroleum gas, or electricity, that meets clean fuel re
quirements. While serving as a measure to reduce the 
environmental threats, alternative fuels should also match 
with the general energy conservation goals to ensure that 

the supply and use of new energy sources are sufficient, 
reliable and economically viable. The interaction between 
fuel economy policies and emissions reduction require
ments has became a major area of interest. 

A series of studies for evaluating the effects of current 
energy conservation and fuel practices on our transporta
tion system, and for assessing the feasibility of improve
ments, should be progressed. The research work should 

take national and regional impacts of various fuel re
quirements into account, and defme the fuel economy 
effectiveness of oxygenated fuel, reformulated gasoline, 

low-sulfur diesel, and other alternative fuels. 

The future approach of energy and fuel uses in transpor
tation facilities is to follow new requirements to control 
motor vehicle emissions while keeping mileage economy 
policies effective. With the establishment of clean fuel 
vehicle programs, manufacturers may not release for sale 

any new fuels or new additives without receiving approval 
from the EPA. Clean fuels are classified simply by ex
haust emission performance standards and result in sub
stantially lower tailpipe emissions. Two major applica
tions are expected in clean fuel programs: alternative fuels 

and reformulated gasolines. While the reformulated fuel is 
currently the market-favored option, a promising alterna
tive fuel for motor vehicles appears to be methanol. 
Methanol is a liquid, high octane, low volatility fuel, and 

more energy efficient than gasoline. However, the health 
effect, the cost, and the risk of fuel tank explosions with 
methanol need to be explored in greater detail. Com
pressed natural gas (CNG) is another viable option under 

investigation. The biggest advantage of using CNG is the 



26 

fuel cost saving, if proper storage, transport, and green
house gas control are applied to actual operation when 
CNG is under global use. How to select an appropriate 
alternative fuel in various regions that will meet emission 
requirements, satisfy mileage standards set for vehicles, 
and fit cost-effectiveness criteria is a major concern in the 
near future. 

From both an energy conservation and clean environment 
point of view, another important issue related to fuel 
consumption is the prevention and minimization of hy
drocarbon evaporative emissions in fuel dispensing op
erations, in truck loading for distribution, and in fuel re
tailing facilities. Evaporative hydrocarbons or volatile 
organic compounds will be emitted from gasoline dispens
ing and retailing facilities when storage or loading tanks 
are filled with C4 and C5 (paraffins and oleftns) that are 
photochemically reactive as precursors to oxidants. 
Evaporative emissions released from trucks and motor 
vehicles originate from basic components of the vehicle's 
fuel system • the fuel tank and the vehicle carburetor. 
Evaporative emissions from the fuel tank, known as diur
nal iusst:s, uccur as lht: g11suiint: v11purs t:xpand in the fuei 
tank in response to ambient temperature increases. Other 
vehicle evaporative emissions, known as hot-soak losses, 
occur just after the engine is turned off, when residential 
engine heat causes the evaporation of the fuel remaining 
in the vehicle carburetor bowl and fuel lines. Evaporative 
emissions are dependent on fuel volatility, temperature, 
and operating practices. The U.S. EPA estimates that 
evaporative emissions from fuel handling units account 
for 8 percent of the total hydrocarbon inventory nation
wide. Therefore, developing a gasoline vapor recovery 
or balance system is a new area to explore. Types of va
por recovery systems include compression-refrigeration
absorption (CRA), straight refrigeration (RF), and thermal 
oxidation. The CRA system is based on the absorption of 
gasoline vapors under pressure with chilled gasoline from 
storage. The RF system is based on the condensation of 
gasoline vapors by refrigeration at atmosphere pressure. 
Each of these systems needs appropriate research to de
termine recommended practices and applicable codes or 
limits. 

Besides controlling fuel economy and emissions, a task of 
developing alternative fuels and vehicles that are powered 
by energy sources other than gasoline to reduce the 
amounts of greenhouse gases (CO2 and CH4) and other 
environmental threats is also essential. One challenge for 
this task is to find an alternative fuel by changing fuel 
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mix (i.e., using fuel with more hydrogen and less carbon) 
to reduce the amount of undesirable gases from vehicles. 

To provide possible solutions to the current and future 
concerns, suggested rese<1rch areas should focus on a va
riety of issues, including the following: gasoline market
ing regulatory strategies; energy conservation goals for 
reliability and economy of alternative fuels; state-of-the
art practices in handling liquid fuels with environmental 
considerations; effects of transportation improvement 
programs on the environment; use of improved gas mile
age fuels; costs associated with meeting both CAFE and 
CAAA requirements through the use of alternative fuels; 
impact of refueling emission regulations on energy con
servation; toxics aspects of alternative fuels; application 
of CNG; evaluation of health effects associated with use 
of alternative fuels and additives; study of alternative fuel 
refueling infrastructure development; pricing mechanisms 
for transport fuels; impact study of market-based regula
tions on alternative fuels demand; the overall role of al
ternative fuels in reducing mobile source emissions; fea
sibility of international cooperation to promote alternative 
fuei vehicies; environmentai consideration and energy 
conservation of fuel handling units; effect of alternative 
fuels on CAFE mileage standards; cost analysis of gaso
line vapor recovery systems; best options for selecting 
alternative fuels for reducing greenhouse gases; potential 
evaporative emissions from alternative fuels; devices to 
trap gasoline vapors from engine and fuel systems; and 
recommended practices for installation and operation of 
fuel handling units to reduce evaporative emissions. 

Experts and the public have become concerned about a 
previously unrecognized environmental threat, the green
house effect (global wanning). The relationship between 
this threat and air emissions from transportation is a new 
targeted area for research. Climate observation shows that 
the human-induced climate change has been caused by 
changing composition of the atmosphere and increasing 
air pollutants. As selected for emphasis, carbon dioxide 
(CO2) and methane (CH4) are increasing in the atmos
phere and play a role in governing the global climate by 
absorbing and re-emitting infrared radiation that would 
otherwise escape directly to space, thereby trapping heat. 
These heat-trapping gases keep the surface warmer than it 
would otherwise be. In addition, because ozone also acts 
as a greenhouse gas, an increase in owne concentration in 
the free troposphere will have climatic consequences. The 
projected climate changes are further enhanced by other 
air pollution problems created by people, such as acid 
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precipitation which involves a complex pattern of emis
sion sources of S02 leading to complicated chemical and 
physical reactions in the atmosphere. 

To document these forward-thinking study areas, many 
new topics need to be explored such as: the impact on 

RESEARCH NEEDS STATEMENTS 

Title: Implications of Global Motorization for Energy 
Use and the Environment 

Problem Statement: In 1950, three-fourths of the 
world's motor vehicles could be found in the United 
States. Today, less than half are located in the U.S. 
Moreover, while the U.S. vehicle fleet has been growing 
at a rate of I% over the past 20 years, vehicle populations 
in Europe and Japan have been increasing at 2-3% per 
year, and those in the rest of the world have been expand
ing at twice that rate. The potential for motorization of 
transport in nations of the fonner Soviet Union, China, 
and the rest of the developing world is enormous. 

Growing global motorization is already creating stagger
ing pollution and congestion problems in cities of the 
developing world. Rapid motorization outside the U.S., 
together with the end of vehicle fuel economy gains 
within the U.S. are putting ever greater pressure on the 
world's geographically concentrated oil resources. Since 
1970, transportation has been the only sector whose 
worldwide oil demand has increased. Continued reliance 
on fossil fuels also results in increasing emissions of 
greenhouse gases. All of these forces are creating intensi
fying stimuli for technological, institutional and behav
ioral change. 

The trend toward global motorization of transport is cer
tain to pose significant new problems for transportation 
systems in all countries, developed and developing. In
novative solutions, often involving international coopera
tion and coordination will be required. 

Proposed Research: This study will make a strate
gic assessment of the implications of rapid motorization 
of the world's transport systems for the future of trans
portation. A conference of national and international 
experts drawn from government, industry, academia, and 
nongovernmental organizations, will consider implica
tions of global motorization for the world's natural re
sources and its environment. The conference will specifi
cally address what the implications of a transition to a 
sustainable global transport system would be for devel
oped and developing countries. Invited, peer-reviewed 
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greenhouse gases of reducing CO2 through the use of 
alternative fuels; model development for estimating CO2 

from motor vehicles based on fuel consumption; and fea
sibility of setting international greenhouse gases standards 
(CO2, CH4) and their potential impacts on the world econ
omy. 

papers will be presented and discussed. The papers will 
be subsequently published in the form of a book. 

• Task I. Assemble an organizing panel of experts. 
• Task 2. Invite participation of cosponsors (e.g., SAE, 

the World Bank, DOE, ECMT, OECD, etc.). 
• Task 3. Plan the conference (date, place, sessions, 

participants, solicit papers). 
• Task 4. Review papers. 
• Task 5. Hold conference, revise and resubmit papers. 
• Task 6. Publish proceedings. 

Cost: $150,000 - $250,000 
Duration: 18 months 

Title: Alternative Fuel and Super Efficient Vehicle 
Market Penetration and Its Implications for 
Greenhouse Gas (GHG) Emissions, and Regional 
and National Macroeconomic Effects 

Problem Statement: Current models that have been 
used to measure the energy and climate change implica
tions of high market penetration of altemative fuels and 
super efficient vehicles do not capture the effects upon 
macroeconomic factors such as interest rates, GNP, em
ployment, nor do they capture the change that will be 
required in resources and the mix and level of economic 
activities. Although impacts of fuel prices upon energy 
markets and their small marginal fuel price impacts upon 
macroeconomic factors have been studied, the effects 
upon the capital markets that would have to supply the 
extensive capital for GHG scenarios, including rapid AFV 
and PNGV market penetration, and accompanying mas
sive infrastructural requirements, have not been examined. 

Proposed Research: Because only cursory attempts 
have been made to measure the macroeconomic effects 
via assumed simplistic multipliers/elasticities or calcula
tions, a fully integrated approach is required to capture all 
of the financial, material, human and capital resource, and 
energy flows through the economy. It is necessary to use 
an existing fully integrated model (such as the National 
Energy Modeling System at DOE/EIA, ORI, GRI, etc.) 
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which includes: a) all supply (oil, natural gas, coal, elec
tricity, renewables) and demand (residential, commercial, 
industrial, and lransportation) energy sectors, b) all fi
nancial markets and institutions, and c) the full represen
tation of the economy on a regional level. 

The transportation model chosen for use in this analysis 
must be capable of: a) accounting for the potential mar
ket penetration through vehicle choice of several AFV 
technologies (flex/bi-fuel/hybrid and dedicated, alcohol 
based, CNG, LPG, electric, fuel cell, and gas turbine) of 
which one may be a super efficient vehicle type; b) meas
uring the impacts of fuel prices and macroeconomic fac
tors on travel and efficiency improvements with their 
marginal costs; c) forecasting future AFV regional sales 
based on AFV and super efficient vehicle characteriza
tions pertinent to the vehicle consumer choice and AFV 
regulations; d) accounting for the effect of various vehicle 
attributes upon vehicle price; and e) estimating the GHG 
emission resulting from forecasted fuel consumption lev
els by fuel type. Models capable of making such calcula
tions, such as the ElA's NEMS model, already exist and 
should be used in this study. 

This research must develop procedures for measuring the 
infrastructural costs associated with substantial AFV or 
super efficient vehicle market penetration; estimating the 
flows of capital and changes in economic activity and 
consumption patterns resulting from the material, physical 
capirni, and human resource fiows requireu io meei ihe 
AFV/PNGV scenarios. This may be done by means of the 
use of an input/output matrix model or other appropriate 

method. 

The outputs of this model shou Id describe the key changes 
in the structure of the economy and the changes in the 
resources (human, capital, and physical) that will be re
quired for a massive change in transportation fuels and 
vehicle technology. 

Cost: $350,000 - $450,000 
Duration: 2 Years 

Title: Consequences of Alternative Highway Pricing 
and Financing Systems for Fuel Consumption and 
Greenhouse Ges Emissions 

Problem Statement: An extensive body of recent 
research shows that the current pattern of highway travel 
imposes large costs that are not borne individually or 
collectively by motorists who impose them. It also dem
onstrates that many of the costs of highway travel that are 
borne by individual users -- such as those for vehicle 
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ownership, parking, and insurance -- are paid in fixed 
increments even though they may arise as a function of 
individual trips or vehicle mileage. While there remains 
some need to examine which specific categories of 
"external" and fixed costs associated with motor vehicle 
usage actually vary incrementally with the number of trips 
taken or miles traveled, and could thus logically be im
posed on a per-trip or per-mile basis, some cost elements 
clearly fall into this category. 

Rapid advances in microelectronic technology will in the 
near future pennit the deployment of non-intrusive, low 
administrative cost mechanisms for assessing these costs 
to the specific vehicles and travelers who impose them. 
This situation affords the opportunity for a comprehensive 
overhaul of the current structure of highway transporta
tion pricing and financing, including a move away from 
the current reliance on mechanisms such as motor fuel 
taxes, vehicle registration fees, and property taxation to 
finance road system construction, maintenance, and ad
ministration. This project would evaluate the potential 
magnitude of behavioral responses to the substitution of 
new forms of pricing and the likely levels of such charges, 
including changes in the volume and patterns of trip
making and the energy etliciency of motor vehicles, and 
assess the implications of these changes for energy con
sumption and greenhouse gas emissions in urban transpor
tation. 

Prnposed Reseitrcii; The proposed n:st:ard1 wouid 
be conducted in several steps; 

(1) Identify external costs of highway transportation that 
are sensitive to changes in the level of VMT and select the 
best available estimates of their magnitude and reasonable 
range from the available literature. 

(2) Identify traveler-paid costs that vary with mileage 
traveled but are commonly paid in fixed increments be~ 
cause of institutional arrangements, custom, or other rea
sons, and estimate their per-mile values. 

(3) Identify the structure and level of taxes currently used 
to finance transportation infrastructure investments, high
way maintenance, and road system administration, includ
ing motor fuel, tax.es, vehicle registration fees, local prop
erty taxes, etc. 

(4) Identify alternative pncmg structures for (a) each 
component of costs now covered by motor fuel or other 
transportation-related taxes; (b) each motorist-borne cost 
component now paid in fixed increments; and (c) each 
empirically significant external cost element associated 
with highway travel. At least one of the alternatives 
should represent an attempt to maximize the social we!-
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fare of the highway transport system by economically 
efficient pricing. 

(5) Use available behavioral theories and empirical evi
dence to develop a consistent analytic framework for 
predicting potential behavioral changes in response to the 
replacement of existing fuel and other transportation taxes 
and fees with alternative charge structures based on 
"internalizing" external costs of highway travel and con
verting fixed vehicle and driving-related expenses to a 
per-mile or other variable basis. Behavioral changes of 
interest should include household vehicle ownership lev
els and vehicle type choices, household-level or fleet-wide 
average vehicle utilization and total VMT, vehicle and 
fleet fuel economy, trip characteristics (frequency, timing, 
length, etc.), density of development, motor fuel con
sumption, and emissions of criteria pollutants and green
house gases. 

Cost: $150,000 - $200,000 
Duration: 9-12 months 

Title: Preparing a Public Outreach Toolkit to Promote 
Options to Reduce Personal Transportation En
ergy Consumption and Greenhouse Gas Emis
sions 

Problem Statement: States, localities, and metropolitan 
areas can assist the public in reducing their transportation 
energy usage and greenhouse gas emissions through in
formation about AFV, TDM, transit and other options. As 
the world population continues to increase and vehicle 
usage and VMT continues to grow, diverse approaches to 
sustaining our environment must be found. It is impera
tive that the U.S. seek to efficiently utilize limited re
sources. Energy consumption continues to expand as 
does the production of greeenhouse gases. As seen with 
programs to increase household and community recycling, 
subtle changes in individual behavior can yield dramatic 
changes in overall results. It is imperative that we con
sider the individual role in the consumption of energy for 
personal transportation. Changing individual behavior 
can 1) help the U.S. and the world reduce greenhouse gas 
emissions, 2) reduce U.S. dependence on foreign oil, and 
3) create a more sustainable future. 

Proposed Research: This study would proceed in four 
phases with the end result being a toolkit of information 
on options which could be utilized to inform the public on 
the issues of AFV, TDM, transit, and other options to 
reduce personal transportation energy consumption. 

The first phase would include two tasks. In task I a 
"resource document/guidebook" summarizing available 
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research on various options to reduce personal transporta
tion energy consumption would be prepared. This docu
ment would summarize briefly each available option, 
presenting information on cost of start-up, cost of opera
tion, ease of implementation, energy benefits, etc. At a 
minimum, the options to be addressed would include: 
available AFVs, neighborhood cars, station cars, energy 
conservation awareness training, etc. The second task of 
the first phase would assess the public's knowledge of 
potential options. Past experience and success with vari
ous options (such as AFVs, station cars, and neighbor
hood cars) would be researched and presented in the 
"resource document/guidebook." 

Phase 2: In the second phase an "outreach sourcebook" 
would be prepared. This phase would synthesize avail
able information on public outreach and marketing tools 
and methods. Readily available strategies and approaches 
would briefly be presented in the ''sourcebook." This 
document would provide details on which strategies have 
proven successful in the past with diverse or divergent 
audiences. Methods which may be assessed include: 
driver education campaigns, in-school awareness training, 
videos, one-time incentives, employer sponsored pro
grams, and other media approaches. A diversity of meth
ods should be presented so that all types of groups can be 
reached, including different income levels, races, ages, 
and genders. 

Phase 3: Tn the third phase a pilot application of the pub
lic outreach education effort will be undertaken. Six to 
ten interested participant locations/entities will be selected 
to receive some financial assistance and support in im
plementing a particular aspect of the public outreach cam
paign. The selected participants should be geographically 
diverse and representative of the various needs and de
mands of the U.S. populace. Modules should be selected 
that represent the potentially different needs of income 
levels, races, ages, and genders. Examples of modules 
which should be tested in the various participant locations 
include: a) AFV information campaign, b) neighborhood 
cars, c) station cars, d) driver education and awareness 
program. Modules should strive to represent the diver
sity of situations in the U.S. At least one participant / 
module should be representative of rural concerns. At 
least one participant/ module should be representative of 
non-commuter concerns. Selection of modules should 
focus on selecting the most innovative, less well-known 
and less explored option for reducing personal transporta
tion energy consumption. The focus of the pilot partici
pation modules will be to gather firsthand implementation 
experience from which other localities may benefit. 

These pilot efforts will be assisted by the documents pre
pared in phases l and 2 of this research effort. In addi-



30 

tion, the pilot participants will provide useful insight and 
feedback into the products prepared in phases 1 and 2. 
As implementation of the pilot projects progresses, the 
efforts will be evaluated for feasibility of replication 
elsewhere. 

Phase 4: The fourth and fmal phase will prepare a 
toolkit. The toolkit will include, but not be limited to: a) 
resource document of options, b) outreach source book, c) 
case study implementation analyses and examples, and d) 
recommendations for utilization and replication. The 
toolkit will be distributed broadly to state, local and met
ropolitan area partners. 

Cost: $325,000 
Duration: 24 months 

Title: Information to Support Innovative Planning to 
Improve the Energy Efficiency of Goods Move
ment 

Problem Statement: The overall energy intensity of 
U.S. freight transport, measured in energy use per ton
mile, has not changed in 25 years. Trucks consume most 
of that energy, about 5 quads of energy per year, or about 
one-third that of passenger cars. Heavy duty truck fuel 
efficiency gains have lagged well behind those of passen
B;f':T ~!'Ir~ over thf': prt~t two rlecades. This is due, in part, to 
the generally greater efficiency of HOV compared to 
LDV in moving mass achieved prior to the energy crisis 
of the l 970s and l 980s. The improvement in HOV fuel 
efficiency has stemmed from the increased use of higher 
efficiency diesel engines and other fuel efficient tech
nologies. Significantly improving freight energy efficiency 
is likely to demand novel, innovative strategies for freight 
systems and major infrastructure investments by govern
ment and the transport industry. Transportation and envi
ronmental planners at federal, state and local agencies 
face a substantial challenge in incorporating heavy duty 
truck activity in their transportation plans. This results 
from a severe lack of data specific to heavy duty truck 
operations and use. 

HDV's are a very visible source of urban congestion as a 
result of their imposing size, the lack of off road loading 
facilities in older urban areas, the spectacular congestion 
events caused by truck accidents, and the visible pollution 
from their large diesel engines. Yet, planners know little 
about their movements, specific use patterns, loads, etc. 
National data collection efforts such as the periodic Truck 
Inventory and Use Survey (TlUS) and the recently 
completed Commodity Flow Survey (CFS) provide useful 
data on national trends in goods movement and truck 
characteristics, but little is known about specific truck 
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operations behavior and the opportunities for congestion 
relief, increased fuel efficiency in goods movement, and the 
reduction in damaging air emissions from HDVs. 

A lack of infonnation concerning the movement of goods 
throughout the economy hinders innovative planning for 
freight infrastructure for the 21st century. Information is 
required on aggregate and disaggregate activities involved 
in intercity and urban goods movement. There is a need for 
a national, state and local information system developed for 
state and MPO planners to facilitate the introduction and 
evaluation of innovative major infrastructure improvements 
and investments to promote intermodal coordination and to 
enhance the efficiency of goods movement. Such projects 
should increase economic efficiency and performance while 
reducing energy usc os well as GHG and conventiomJ.! 
emissions. 

Proposed Research: Phase I Information Collection and 
Needs A nafysis 

Task I -· In this task the research team will conduct a 
thorough literature review on data related to freight 
activities and energy efficiency. Recent NCHRP, DOT and 
other studies will be evaluated. An aunotated bibliography 
of the previous work will be developed. 

Task 2 -- The team will meet with selected state DOT's and 
energy offices to establish their needs for goods movement 
infonnation. Current activicies undenaken by severai stmes, 
FHWA and EPA to monitor truck operations with on-board 
devises will be included in this review. Commercial 
Vehicle Operations (CVO) programs included in ITS 
demonstration projects will also be reviewed. 

Task 3 -- The team will meet with several MPO's that are 
expanding their coverage of freight operations in their travel 
demand modeling efforts to assess the value of this 
infonnation in developing innovative solutions for goods 
movement efficiency. The use of goods movement 
performance measures will also be evaluated. Recent 
surveys on goods movement planning included in NCHRP 
studies and by planning associations will also be reviewed. 

Tf\.~k 4 •· Ra'>ed on the literature review and assessment of 
other information collection activities, the team will 
develop a Phase I report that will summarize what is known 
about HOV and other goods movement operations and how 
additional information could assist planners in developing 
improved plans. 

Task 5 -- In this task the team will develop a worlcplan for 
the conduct of the Phase II data collection efforts. The 
workplan will specify the objectives of the data collection 
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activities and provide a plan for the use of the infonnation 
in improving goods movement fuel efficiency. 

Phase JI Information System Design and Prototype 
Development 

Task 6 -- 1n this task the team will design a freight activity 
database that will provide the framework for describing 
activities of heavy-duty trucks and other modes. Data will 
be included on fleet characteristics such as number of 
vehicles, body types, goods carried, weights, areas of 
operation, engine types, energy efficiency technologies, 
operating behavior (starts, idle time, speed profile, fuel 
use, fuel efficiency, loads, trip length, etc.) and other data 
of interest for energy efficiency, air quality and highway 
capacity planning. 

Task 7 -· Select 2-3 regions/states to develop a freight 
information database. The selection will be based on the 
availability of state and local freight infonnation s~ch_ as 
an intennodal management plan, or an HOV em1ss1on 
infonnation system. Selection will also consider the 
regional characteristics, types of goods moved, and other 
factors. 

Task 8 -- Develop the regional/state freight information 
system for selected regions. The infonnation incorporated 
will be from secondary sources and from surveys and 
HOV monitoring activities conducted to fill data gaps. 

Task 9 -- Design suiveys of truck, rail water and other 
goods movement operations in local areas to collect 
infonnation needed to fill data gaps in the freight 
infonnation system. Information collection activities may 
include surveys of shippers, shipping facilities and 
carriers, as well as the instrumentation of vehicles to 
collect detailed operational data. 

Task 1 o -- Conduct surveys and instrument vehicles as 
needed to fill the infonnation system for each region. 
Include the infonnation in the system and finalize the data 
set. Provide and demonstrate the information in each 
selected region. 

Task 11 -- Prepare a handbook on the development of a 
freight infonnation system for energy, environmental and 
highway planning. The handbook will identify sources of 
data and methods for developing local infonnation to 
supplement what is known from other studi~. ~he 
handbook will provide a model database, mcluding 
default values for most cells. instructions for the use of 
infonnation and the calculation of project benefits will 
also be developed. 
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Task 12 -- The team will provide a detailed final report 
that will document all infonnation, processes, procedures 
and data that were reviewed, prepared or developed in the 
course of this study. 

Cost: $325,000 
Duration: 24 months 

Title: Changes in the Geography of Production Sys
tems: Implications for Freight Energy Use 

Future industrial and commercial activities will take in
creasing advantages of advanced control computation and 
communications technologies to change scale and to relo
cate or decentralize. This study will develop information 
on the changes in transportation requirements ( energy use 
and emissions) and the new infrastructure requirements of 
the decentralization of business activities. 

Problem Statement: The slructure of US cities has 
changed significantly in the last century as a result of the 
availability of public transit and the automobile. Equally 
significant, but less well W1derstood changes may be in
duced as increasingly effective use is made of advanced 
control, computer, and communications technologies. 
Companies will move to locations which improve their 
operations and the distribution and sale of products and 
services 

The first stage of this process has been the creation of the 
ring cities ~ suburbs. Improved controls (manufacturing 
processes) and communications increase the options for 
plant location and scale. Companies are decentralizing. 
Many have elected to move to green field sites or smaller 
communities. This trend will accelerate as existing facili
ties become obsolete and are phased out. 

The second stage will include relocation to smaller 
(frequently rural) communities. The computer communi
cation "revolution" makes it possible for companies to be 
located almost anywhere. This is already starting. An 
engineering group in the mountains of Colorado is design
ing parts for a company in Detroit. A small office in the 
Caribbean is processing paper for an American credit card 
company. 

These developments will lead to changes in the nature of 
freight services. It is expected that there will be smaller, 
more frequent services with increased use of trucks - en
ergy consumption, emissions and road damage. To some 
extent these increases may be offset if the relocation of 
facilities is to locations which offer better access to mar
kets. 
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The potential forcing factors include: I) Access to mar
kets; 2) Lower taxation; 3) Changing scale of facilities 
(human scale vs. traditional economies size); 4) Avoid
ance of historical pollution problems (brown field start
ups); and 5) Access to an appropriate work force 

The necessary requirements for relocation include: 1) 
Potential for improved profits; 2) Attractive land sites (for 
jobs and employees); 3) Development of new processes 
and procedures which pennit changes in scale of the op
erations; 4) Ability to amortize existing investments; and 
5) Access to appropriate transportation (road, rail, air). 

The movement from transitional urban areas will impact 
the requirements for transportation (people and goods), 
and, as a consequence, the requirements for use of the 
transportation infrastructure. New roads (and railroads) 
may be required in areas where there now is little if any 
commercial activity. Existing; roads in these areas may be 
overloaded. Distributed manufacturing may reduce the 
distance finished (or in process) goods must be shipped. 
There will be opportunities for the development and use 
of iunovative transportation equipment and services. 

Prnpos.;d Res.;arch: 1. Identify the kinds of industries 
and businesses that have the potential to relocate, 
considering existing investments and access to cus
tomers or clients. 
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2. Identify manufacturing process and operational im
provements that may be used more efficiently in new 
locations, such as changes in the understanding of the 
economics of scale. 

3. Identify the incentives and constraints to dispersion 
of major employers. 

4. Project the dispersion of employment opportunities to 
suburbs, smaller cites, and other locations by time 
and type of location. 

S. Identify the induced freight requirements to service 
the businesses and supporting communities (food, 
goods, etc.). 

7. Estimate the impact on existing cites, reductions in 
jobs, reduction in congestion, etc. 

8. Estimate the impact on transportation requirements, 
person and goods movements. 

9. Prepare an overview of the national impacts on en
ergy consumption and emissions that may be pro
vided (or caused) by the decentralization of business 
activities. Estimate confidence levels and potential 
time periods over which these changes may occur. 

The project will be directed at the needs for freight 
movement, however it will also provide infonnation on 
the potential movement of populations from existing cit
ies. If the jobs are there residences will follow. 

Cost: $350,000 - $450,000 
Duration: 18 months 
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ENVIRONMENTAL REVIEW PROCESS 

WORK GROUP PARTICIPANTS 

Wayne W. Kober, Facilitator 
Barney O'Quinn, Co-Facilitator 
Lynn Bartel 
Mark Kross 

BACKGROUND PAPER 

Edward Lloyd 
Gary R. McVoy 
Diana Noble 
Steve Ronning 

Environmental considerations have been and remain criti
cal factors in the development and approval process of 
transportation projects throughout the country. Since the 
passage of the National Environmental Policy Review Act 
of l 969 (NEPA) and other related legislation such as the 
Clean Water Act and the Clean Air Act Amendments of 
1990, transportation agencies have been obligated to put 
transportation projects through an often rigorous and 
time-consuming environmental review process. As a 
result, there has been an increased awareness and interest 
in identifying methods and procedures to expedite and 
standardize the environmental review process among 
transportation agencies, to make the process part of the 
early stages of project development and design, and to do 
so in a more cost-effective manner. 

Several environmental issues have come to the forefront 
in the 1990s that demand increased consideration. These 
issues broaden the scope of environmental review, raise 
broader concerns for the environmental review process, 
and necessitate consideration of environmental factors 
relatively early in the project planning and development 
stage. As a result, these issues require new approaches 
within the environmental review process, and correspond
ing guidance and training for implementers. 

The passage of the Surface Transportation Act and the 
Intermodal Surface Transportation Efficiency Act 
(ISTEA) provided for changes in the manner that projects 
are planned and programmed, including an expanded role 
of the Metropolitan Planning Organi:mtions (MPOs), par
ticularly in urban regions. The JSTEA legislation and 
implementing regulations created a process known as the 
Major Metropolitan Transportation Investment Study 

David V ozzolo 
Robert Washington 
John Overman 
Vijay Perincherry 

(MIS), which serves as a mechanism to evaluate the ef
fectiveness of alternate transportation investments. Under 
!STEA, MISs are required to identify and ultimately im
prove the effectiveness of investments in regional trans
portation systems in urbanized areas. While environ
mental review is one aspect of an MIS, the appropriate 
level of environmental review within this process requires 
further study, as does a determination of the appropriate 
and most effective mechanism for integration of the MIS 
process with the environmental review process pursuant 
to NEPA. 

Recent studies, including a July 1995 TRB published 
paper entitled Integrating Major Metropolitan Transpor
tation Investment Study Process with National Environ
mental Policy Act Process, are an early attempt to provide 
a suitable mechanism for integrating the MIS into the 
overall NEPA review process. Tn addition, the upcoming 
NCHRP Project 8-34, Major Investment Studies: Process 
Development Including Coordination with NEPA Re
quirements, is further intended to provide guidance on 
integrating MTS with the NEPA process. Meanwhile, the 
Federal Highway Administration and the Federal Transit 
Administration are in the process of revising 23 CFR 771 
environmental regulations to incorporate !STEA and 
other provisions and research into NEPA, following 
which a new technical advisory to provide guidance to 
transportation agencies in implementing these regulations 
is proposed. These research activities notwithstanding, 
there is a need for transportation research to further exam
ine how transportation projects are evaluated under both 
NEPA and MIS with the following goals: identifying a 
process that can focus attention on the issues that are truly 
pertinent to decision-making; providing meaningful pub-



34 

lie and interagency involvement in the planning of trans
portation improvements; working toward building a con
sensus on solutions to transportation problems; and rec
onciling various possible issues. Follow-up research 
through case study development should also be pursued to 
identify practical applications of this initiative. 

The January 1993 Council on Environmental Quality 
publication entitled Incorporating Biodiversity Consid
erations into Environmental Impact Analysis Under the 
National Environmental Policy Act provided some new 
direction for incorporating biodiversity considerations 
into the overall environmental review process, while the 
U.S. Environmental Protection Agency's Office of Fed
eral Activities' April 1994 publication entitled Evaluation 
of &ological Impacts from Highway Development pro
vided additional suggestions for incorporating biodiver
sity considerations into the environmental review process. 
Transportation research needs to further address the issue 
of detennining how biodiversity considerations can best 
be assessed through the environmental review process for 
various types of transportation projects in various settings, 
for example, urban versus non-urban environments. 

There is also an ever-increasing need for the tnmsporta
tion community to take a more aggressive role in re
searching how environmental justice considerations, as 
identified under Executive Order 12898, can best be as
sessed through the environmental review process for vari-
rir.,H krn~ci nf' t-,,,!llnc-nnrlo:;1tinn nrn1Pr't~ in ,ro;1rin11~ cP.ttinoci 
--- ·Jr•· -- ··-··-r-··-··-·· r·~J-··- ·•· ·-··--- --·-·••e,~· 
The recently published draft document entitled Guidance 
for Incorporating Environmental Justice in EPA 's NEPA 
Compliance Analyses by the USEPA Office of Federal 
Activities should serve as a basis for assessing these types 
of impacts under NEPA. Research should begin to focus 
on the success of implementation strategies and commit
ments for various types of projects under this initiative 
and the applicability of these strategies to the guidance 
document. 

Recently, it has become apparent that indirect impacts of 
transportation projects can be as significant as direct im
pacts. Research on this issue has been initiated under the 
National Cooperative Highway Research Program Project 
25-10, dated May 1996, entitled Estimating the Indirect 
Effects of Proposed Transportation Projects. Further 
research should now focus on methods to identify indirect 
effects and the significance of these impacts in relation to 
a project's purpose and need. In addition, a consensus 
needs to be developed by both the regulatory and trans
portation professionals as to the cost of adverse effects. 
This approach is needed to further identify the relation
ship between project costs and the current regulations and 
their requirements for avoidance and mitigation. 
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Recent initiatives by the Council on Environmental Qual
ity, with the cooperation of several agencies including the 
Federal Highway Administration, include developing a 
handbook entitled Analyzing Cumulative Effects Under 
the Environmental Policy Act. As in the case of indirect 
effects, further research is needed to disseminate the re
search results of this initiative in an effective manner for 
placing the results into practice, as well as to monitor and 
test the methodology. 

Transportation research in the area of environmental re
view will also need to focus on the mechanisms and inno
vations for processing major and small-scale transporta
tion projects through the environmental review process. 
Methods that promote the identification of environmental 
issues early in the project development process should be 
promoted in order to limit increased project costs and time 
delays. The research should identify specific methods and 
procedures for streamlining the approach while at the 
same time ensuring compliance with the regulatory con
trols in place and ensuring continuing agency and public 
input. 

Recent initiatives have been introduced by transportation 
agencies in wl effOit to expedite the tOti:11 tnvirumm:ni<1l 
review and approval process. These initiatives have fo
cused on the interrelationships between the requirements 
of the transportation agencies and those of the various 
state and federal regulatory review agencies. For exam-
ple, man.J' transpcrt2.tion ager!Gies hi:!Y~ take!1 t'1e i~itiative 
to develop and implement a process to integrate the 
NEPA and Section 404 pennitting processes. Follow-np 
discussions through case study development should be 
pursued to identify the degree of success of practical ap
plications of this initiative. Research in the area of appli
cable federal legislation and regulations that can be better 
integrated in order to expedite project approvals should 
also be pursued, as well as appropriate programs and 
methodologies for proper implementation. 

Additionally, some agencies have begun to process large
scale transportation projects through the Tiered EIS proc
ess in an attempt to define a project's design and purpose 
and need more concisely, preserve needed corridor areas, 
and/or identify a preferred alternative early in the process 
of project development. Further research should focus on 
the applicability of the Tiered EIS process and its effec
tiveness as a planning design tool and environmental re
view mechanism. 

Emerging technologies in model development and pro
gram management have provided new opportunities and 
tools for managing transportation projects and for assess
ing the degree of the project's potential short- and long
term environmental effects. There remains a strong need 
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to develop innovative methods for the rapid assessment of 
environmental conditions and impacts and for the identifi
cation of conditions that may require extensive design 
changes or alternate solutions early on in project devel
opment. This is more critical today because of limited 
available funds and increased competition for funding. 
These trends will continue and result in further competi
tion between major transportation projects and smaller
scale projects which, for reasons of design and safety, 
also need to be programmed and implemented. This may 
result in urban transportation projects competing with 
projects in suburban and rural settings. 

Transportation research should begin to focus on methods 
and strategies to assess how technological advancements 
in computer hardware and software can be applied to 
support the collection of environmental data and the as
sessment of impacts within the environmental review 
process. Among these techniques are satellite imagery 
processing and manipulation, visualization, interactive 
video, geographic information systems, management in
formation systems and scheduling software. These tech
nologies could ultimately serve as cost-effective tools in 
field surveying and the identification of environmental 
features that could be affected by a transportation project 
and that could result in a constraint to the project's devel-

RESEARCH NEEDS STATEMENTS 

Title: Applications of Existing and Emerging Tech• 
nologies in Improving the Environmental Process 

Problem Statement: The process of integrating 
social, environmental, and economic considerations with 
transportation decisionmaking involves the application of 
multiple disciplines. Current and emerging advancements 
in electronics, video, radio, and computer technology 
provide the industry with a wide variety of potential tools 
to enhance this process. However, these tools are not 
generally integrated into the process primarily because of 
the lack of a clear understanding of how these technolo• 
gies can be used to support the environmental mission of 
an agency or unit. 

Proposed Research: The research would focus on 
evaluating the full set of current and emerging technolo• 
gies to assist professionals in environmental planning, 
analysis, decision making, and communication. These 
technologies (tools) include Expert Systems, Dynamic 
Linkage, Virtual Design and Visualization Technology, 
GIS, GPS, Video, and Internet Technologies. The re
search would involve the following specific tasks: 
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opment. Research needs to be expanded to identify spe
cific program applications and methods by which these 
systems can reduce the soft costs in the preparation of 
environmental documentation and review. In addition, 
there is an emerging need to research how to assess the 
environmental effects of emerging and future technolo
gies, some of which- for example, Intelligent Transporta
tion Infrastructure- may not trigger environmental review 
under NEPA simply because there is little or no physical 
disturbance. 

Finally, one possible initiative that deserves some re
search consideration is that of state-certification of the 
NEPA process for transportation projects. This process 
would be similar to the increasing trend of state environ
mental agencies acquiring wetland permitting functions 
from the U.S. Anny Corps of Engineers, except it would 
be the State Department of Transportation acquiring 
NEPA implementation responsibility from FH WA Re
search should focus on the practicality and feasibility of 
state certification and the development of standard regu
lations that could easily be implemented. More impor
tantly, these analyses would serve to initiate appropriate 
dialogue among the various agencies and identify the 
approaches to be considered in establishing a standardized 
mechanism for future implementation. 

• Identify current exemplary practices and applications 
of the tools, both nationally and internationally. 

• Categorize new and existing techniques and their 
applicability to environmental management practices. 

• Examine feasibility of implementing these techniques 
across the broad spectrum of transportation practices. 

• Recommend integrated training programs for the 
utilization of these tools and techniques. 

The outcome of this research effort should be a document 
that wou Id highlight the applications, benefits, and costs 
associated with the implementation of current and 
emerging technologies. Below are some technologies 
that have been identified based on their potential to con
tribute to the transportation and environmental decision 
making processes. 

Electronic Clearing House over the World Wide Web for 
"Transportation and the Environment" 
• Offers the ability for all to access and review the most 

current environmental information effectively and 
efficiently. This would include links to sites contain
ing research infonnation, environmental documents 
(e.g., EAs and EISs), environmental legislation, 
regulations, policies, and guidelines. 
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Expert Systems 
• Provide guidance and assistance through the transpor

tation and environmental decision making process, 
including identification of decision stages that incor
porate legal requirements and agency policy and 
guidance, steps in the agency processes--including 
planning and project development, and scheduling 
and costing. 

Virtual Design and Visualization technology 
• Offers the ability to view and experience via video 

and computers the design and social, environmental, 
and economic impacts of proposed transportation 
projects. Procedures for merging video and computer 
generated images should take into consideration the 
ability to produce mathematically accurate and de
fensible images. 

Dynamic Linkage 
• Allows practitioners to integrate models, reports, 

documents and displays associated with transporta
tion and environmental studies effectively and effi
ciently. This is accomplished through dynamic links 
within a computerized system of interrelated ele
ments. For example, in one appiication, the practi
tioner would no longer have to make manual changes 
to an environmental document because an associated 
change has occurred in a technical analysis. 

T,ur,,,'f'u,luiiun Th.;;.:.,c,· 
• Offers an opportunity for all stakeholders including 

the public and agencies to collectively experience 
and interactively participate in the development proc
ess and impacts of proposed transportation projects 
through the use of emerging technologies such as 
virtual reality, GIS, CADD, and KIOSKS. 

Video Environmental Documents (e.g. EIS, EA) 
• Offers a paperless medium for communicating and 

disseminating information regarding the euv1ron
mental analysis of transportation projects. 

Cost: $ 180,000 
Duration: 18 months 

Title: The Consideration of Environmental Factors in 
Transportation Systems Planning 

Problem Statement: ISTEA requires the consideration 
of environmental factors in the development of transpor
tation systems plans. In the past, these plans have gen
erally been developed without talcing environmental im
pacts into consideration. Transportation projects are 
selected for implementation based on needs identified in 
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the systems plan. This has created problems in that proj
ects are being recommended that are very difficult, if not 
impossible, to implement because of unknown environ
mental consequences that could have been easily identi
fied, considered, and possibly avoided much earlier in the 
planning process. At present there are no generally ac
cepted processes and techniques for transportation plan
ners to utilize in including environmental considerations 
in transportation system planning. Environmental consid
erations arc typically addressed in an environmental 
document during project development and, in some cases, 
during corridor planning analysis. In addition to a "fatal 
flaw" analysis, there are some environmental considera
tions that are more appropriate at the systems planning 
level. These include such things as: purpose and need, 
areawide air quality, ecosystem analysis, watershed 
evaluations, social and community impacts, indirect im
pacts, and cumulative impacts. Cost-effective macro
scale analysis techniques, such as GIS applications and air 
quality modeling, are available for evaluating systems 
plans. However, these ancl other techniques are not 
widely applied in system level transportation planning. If 
elements of transportation systems plans are to proceed 
through project development to implementation, system 
ievei environmentai considerations must be taken eariier 
in the planning process. The development of these plan
ning techniques and procedures for applying these tech
niques early in system level planning are the purpose of 
this research. 

Proposed Research: It is recommended that this problem 
be addressed through: (1) A synthesis of existing prac
tices of DOTs and MPOs to determine the current prac
tices in the consideration of environmental impacts for 
transportation systems planning. (2) Identification of state 
of the art analysis techniques and emerging technologies. 
(3) Evaluation of issues and obstacles for system level 
consideration of environmental factors. For example: 
institutional, legal, regulatory, technical, cost, and project 
management. (4) Development of methodologies and/or 
technologies for the consideration of environmental im
pacts at the macro-scale level. (5) Development of a 
process that can utilize these methodologies in the ap
propriate evaluation of environmental factors in the de
velopment of transportation systems plans. 

Cost: $200,000 
Duration: 2 Ye:us 

Title: Environmental Process Practices 

Problem Statement: Over past years various innova
tions and practices have been employed by different state 
DOT's (and Agencies such as COE, NPS, USFS, F&WS, 
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etc.). The transfer of experience among the various inde
pendent practitioners does not occur in a systematic and 
comprehensive fashion. 

Proposed Research: Document environmental practices 
and innovations that have been tested throughout the 
transportation industry in a form that would enable trans
portation agencies to improve their processes. With this 
information, recommend improved process models. 

Phase 1. Survey existing practices and innovations in
cluding: 

• 404 I NEPA mergers; 
• Programmatic agreements and approvals (e.g., 4(f); 

Categorical Exclusions, Environmental Assessments, 
Section 106, Wetland Permits, Conformity, Noise As
sessments, EIS processes, programmatic EIS' s, etc.); 

• Tiered EIS's; 
• lnteragency agreements; 
• MPO / DOT planning processes; 
• Environmental project management techniques; 
• Tradeoffs between potentially impacted resources; 
• Follow-through on environmental commitments; 
• Quality assurance procedures; 
• Project review I approval mechanisms; 
• Systematic program-level coordination with resource 

agencies; and 
• Post-NEPA assessments. 

Survey results should detail: 

• 
• 
• 
• 

• 

• 

• 

Process title; 
Problem addressed; 
Description including regulatory context; 
Points of contact for further information at both 
transportation and resource agencies; 
Copies or citations of applicable procedures, agree
ments, permits, etc.; 
Performance data including available numerical data 
on savings of time, money, environmental impact, 
paperwork, coordination, duplication, etc.; and 
Value added . 

Phase 2. Report survey results. 

This analysis of existing processes will include survey 
results together with a categorization of topic areas, proc
ess types, frequency of use among states, range of appli
cability among project and problem types, discussion of 
advantages and disadvantages of various approaches from 
both a resource and transportation perspective as illus
trated by case studies and examples of actual permits, 
agreements, approvals, etc. 
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Phase 3. Make recommendations 

Develop improved process models and best practices in 
cooperation with an expe1i panel of experienced practitio
ners. Recommendations should address changes to State 
and National practices, policies, procedures, processes, 
permits, agreements, standards, regulations, and law. 
Recommendations should be supported by infonnation 
derived from the phase 2 survey as applicable. 

Cost: $200,000 
Duration: 2 years 

Title; Transportation Environmental Analysis Elec
tronic Notebook 

Problem Statement: The environmental process is 
complex. Practitioners lack easy access to guidance in
fonnation needed to conduct transportation environmental 
analyses. An abundance of written guidance information 
is available; however, knowledge of its existence and its 
accessibility is limited. As a result, professionals have 
difficulty quickly and efficiently assembling environ
mental analysis guidelines which are available from many 
different sources. This is complicated by frequent turn
overs and changing guidelines. There is a need to develop 
and implement a user friendly environmental analysis 
guidance information system which is readily accessible 
and dynamic. 

Proposed Research: Develop a dynamic transportation 
environmental analysis information system in the form of 
an electronic notebook series. Among the components of 
this electronic infonnation system are: a library of laws, 
regulations, policies, procedures and guidance documents; 
a directory of contacts; environmental analysis flow 
charts; widely acceptable methodologies for environ
mental analyses; computer models for environmental 
analyses; environmental database access information; 
enviro11mental analysis expert system access and case 
studies. Access to information in the system shall be 
made available through on-line computer access. The 
components of the system shall be developed using a 
phased approach as modules and made available upon 
completion. Existing information shall be incorporated 
into the system first. New information shall be incorpo
rated as it becomes available. Recommendations will be 
made for maintaining the system. 

Cost: $175,000 
Duration: 18 months 



38 

Title: Procedures for Applying ISO 14000 to DOTs 
and Other Transportation Agencies 

Problem Statement: Current environmental management 
practices, policies and decisions made in transportation 
agencies do not always consider direct and indirect envi• 
ronmental consequences. Operational and policy deci
sions sometimes produce negative environmental impacts 
which are contrary to agencies' mission to plan, design, 
construct, maintain and operate environmentally-sound 
transportation systems. There is a need to implement 
modem management techniques that improve institutional 
environmental awareness and operational efficiency. 

Proposed Research: To examine International Standards 
Organization (ISO) 14000 - Environmental Management 
Systems, for departments of transportation agencies that 
would increase environmental awareness; incorporate 
environmental considerations into decision-making; and 
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establish structure and responsibilities, monitoring and 
measurement procedures, and implementation criteria. 
The management principles should be incorporated into 
all aspects of the policies and procedures of the transpor
tation agency. 

The proposed research should: (1) identify ISO 14000 
environmental management practices to be used in DOTs 
and transportation systems. (2) Develop procedures for 
applying ISO 14000 to DOTs and other transportation 
agencies. (3) Prepare a pilot study for TSO 14000 imple
mentation and a report on the results. (4) Establish rec
ommended standards, practices and principles for imple
mentation of ISO 14000 by DOTs and other 
transportation agencies. 

Cost: $500,000 
Duration: 48 months 
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HAZARDOUS MATERIALS TRANSPORTATION 

WORK GROUP PARTICIPANTS 

Michael Bronzini, Facilitator Chris Barkan 

BACKGROUND PAPER 

No background paper was prepared for this topic. 

RESEARCH NEEDS STATEMENTS 

Title: Data for Hazardous Materials Transportation 
Decision-Making 

Problem Statement: The inconsistencies in and incom
pleteness of current hazardous materials transportation 
databases cause difficulty in conducting objective com
parative risk and safety analyses, formulating appropriate 
and effective policies and programs, and supporting other 
decision-making needs. Such analyses require accurate 
and complete data on: (a) the quantity of hazardous ma
terials that move along specific transportation modes and 
routes and through specific tenninals; (b) the number of 
accidents and incidents that occur along these modes and 
routes; (c) if there is an accident, the chances that a re
lease of material will occur and the severity of the release 
incident; and ( d) population and other categories of expo
sure. There is a need to evaluate existing data collection 
processes and databases to see how well they meet these 
requirements, identify their strengths, weaknesses, incon
sistencies, and data gaps, and propose approaches for 
improving the coverage and quality of data. 

Proposed Research: Identify the data requirements for 
hazardous materials transportation decision-making, in
cluding commodity flows, vehicle movements accidents 
incidents, material releases, incident severity, c~ntainmen~ 
configurations, population exposure, employment expo
sure,_ ~otorist and operator exposure, special populations, 
sensitive environments, subjective factors for risk assess
ment, and other critical data elements. Assess the relative 
priority of need for these data. Examine the data that is 

Rae Zimmerman 

already being collected by government and industry, and 
the respective data collection processes. Characterize the 
data according to cost of collection, variability, reliability, 
proprietary nature, legal liability, and other important 
factors. Develop methods that would be widely applica
ble across modes, industry segments, and all levels of 
government to make existing data collection processes 
consistent and reliable. For example, look into systems 
for uniquely identifying incidents and their geospatial and 
network locations, so that relevant data will neither be 
double-counted nor lost. Investigate the use of surrogate 
data (e.g .. , automobile accident experience as a predictor 
of relative truck accident probabilities) and other innova
tive approaches to using ancillary data sets to meet some 
of these needs. Identify data needs that cannot be met 
with the existing processes, and recommend revised or 
new data collection programs and data management sys
tems. Establish the priorities of all of these needs, esti
mate the costs of various levels of meeting these needs, 
and assess the feasibility of the alternative or recom
mended programs. The focus of this project should be on 
improving the consistency, reliability, and usability of 
existing data collection processes, and cost-effectively 
meeting any outstanding needs of high priority. 

Cost: $350,000 
Duration: 18 months 
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Title: Environmental Hazards of Materials in Trans
portation 

Problem Statement: The lack of a consistent, scientifi
cally based approach to evaluate the environmental haz
ards of chemicals and other materials in transportation 
limits the ability for industry and government to rationally 
allocate resources to efficiently prevent environmentally 
harmful spills. There has been extensive work on the 
effect of specific individual chemicals on individual or
ganisms and ecological communities. However, there is 
no general approach that enables objective comparison of 
the relative hazard posed by the wide variety of materials 
commonly transported and how they interact with the 
environment in the event of a release. The current DOT 
system for classifying hazardous materials does not ap
propriately consider environmental hazard in a systematic 
or comprehensive manner. The lack of a method to ac
complish this prevents objective assessment of the relative 
environmental risk posed by transportation activities, 
thereby limiting industry and government's abi Ii ty to 
prioritize measures for spill prevention. 

Proposed Research: Phase 1 -- Review and Plan Devel
opment - Review extant environmental dispersion and 
environmental toxicity models to develop a baseline un
derstanding of the state-of-the-art for environmental haz
ard assessment. This review should consider the effect of 
spills on soil, groundwater and surface water bodies and 
inciude evaluation of approaches ranging from me organ
ism to the ecosystem level. The deliverables for Phase l 
of the project should include: 

A concise discussion of the problem and a plan for 
how to address it. This would include determination 
of the potential users of this information and review 
of their needs. 

A review of the environmental haz.a.rd assessment 
methodologies currently available, including an 
evaluation of their strengths and weaknesses in the 
context of the larger objectives of this project. 

A summary and description of the types of chemical 
property and environmental data likely to he needed 
and an assessment of their availability. The review of 
the environmental data needs should include consid
eration of the ability of various GIS environmental 
databases to support them. 

A work plan for development of a practical, scientifi
cally based approach to evaluating environmental 
hazards of chemicals. The plan would take into ac
count the constraints posed by data availability and 
include an approach for development of regulatory 
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criteria for classifying chemicals into a system of en
vironmental hazard class. 

A plan for development of testing requirements to 
enable DOT environmental hazard classification. 

A review of the potentially relevant laws and regula
tions pertinent to environmental impacts from chemi
cal spills in order to understand how statutory 
changes might be implemented. 

Phase 2 - implementation - Execute the plan developed in 
Phase I. This would involve development of the technical 
information, methodology, and testing requirements 
needed to objectively evaluate the environmental impact 
of materials spilled under the variety of environmental 
conditions encountered in transportation. The products of 
this work would be integrated models and data to charac
terize environmental risk thereby enabling better informed 
modifications to packaging and operations to most effi• 
ciently mitigate the risk. 

Cost: $800,000 
Duration: 39 Months 

Title: Barriers to the Use of Risk Assessment as a De
cision-Making Tool for Hazardous Materials 
Transportation Risk Management 

Problem Statement: Risk assessment is a powerful tool 
for management of hazardous materials transportation 
risk. It has the potential to substantially improve the ra
tional basis for decisions on allocation of safety resources 
and regulatory activity. Despite these potential benefits, 
state-of-the-art risk assessment methods are not being 
extensively used in hazardous materials transportation 
decision-making and there is some reluctance on the part 
of both industry and government to employ this method. 
At least three factors contribute to this reluctance: 

Information: The data and information requirements 
to conduct risk analyses can be substantial and their 
lack of availability or the cost to develop them can be 
an obstacle. 

Complexity: The complexity of risk analyses has two 
effects that can stymie its use for hazardous materials 
transportation safety decision-making: 

I) It may be difficult to fmd qualified individuals 
within a company or agency to develop appropriate 
questions and conduct analyses. 
2) It can be difficult to effectively communicate the 
value of the process and the meaning of the results 
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both inside and outside the organization investigating 
a question. 

Liability Concerns: The increasingly litigious nature 
of society can inhibit the investigation of safety issues 
because of concern that liability is increased in the 
event of an accident if the potentially culpable party 
had knowledge about the likelihood of the event. 

In order to overcome these barriers and improve the effi
cient allocation of resources for hazardous materials 
transportation safety, the effect of these barriers needs to 
be understood. 

Proposed Research: Inv~stiga~e the issues id~nti~ed 
above through surveys and rntervtews of relevant rnst1tu
tions and organizations. These should include hazardous 
materials carriers, shippers, transportation vehicle manu
facturers and owners, and relevant state and federal regu
lators. Work with organizations in each of these catego
ries and identify several opportunities to apply risk
assessment methods to a significant safety question. 
Evaluate the effect of each of the three factors (and other 
factors that might be identified) in terms of its effect on 
whether risk-assessment was used. Organizations that had 
both successful and unsuccessful experiences using risk
assessment methods should be sought so that the factors 
affecting success could be contrasted. 

Infonnation: Determine the infonnation require
ments needed for each question of interest and the ef
fect of the availability or cost of this information on 
the decision to use risk-assessment. 

Complexity: Determine the availability of individu
als trained in the use and interpretation of risk as
sessment within each organization. Staff availability 
to develop questions or conduct analyses should be 
summarized and contrasted between and among types 
of institutions. In those cases in which use of risk
assessment had been considered or carried out, 
evaluate the effectiveness of communicating the idea 
or the findings and implementing the results inter
nally and extemally. 

Liability: Investigate the effect of liability concerns 
on decisions to employ risk-assessment by determin
ing the extent to which each organization believed it 
was constrained from investigating questions due to 
fear of litigation. A critical element for each oppor
tunity considered for each orgW1ization would be to 
determine the economic value of the risk that would 
be identified and potentially reduced, compared to the 
estimated increase in liability that the organization 
perceived as a result of the identification of the risk. 
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Included in this would be a study of past cases in 
which knowledge may have affected settlement costs. 

Cost: $250,000 
Duration: 18 Months 

Title: Hazardous Materials Routing Rationale and 
Criteria 

Problem Statement: Routing of hazardous materials has 
become a sensitive issue with the public due to concerns 
over the potential risk · and community impacts in the 
event of a release of material. At the same time, routing 
regulation imposes costs on carriers, shippers, and public 
agencies, all of which are ultimately borne by the public. 
There is a need to assess the value of hazmat routing 
regulation as an approach to managing transportation 
safety, and to examine the criteria that should be used in 
establishing approved routes. A related need is to provide 
user-friendly guidelines and tools to facilitate the proper 
application of the recommended route designation meth
ods. 

Proposed Research: Phase l - Rationale of Hazardous 
Materials Route Designation - Identify the objectives that 
are to be achieved through hazmat route regulation, or 
through the siting of hazardous materials terminals and 
handling facilities. Assess the levels of risk reduction that 
can be achieved through this approach, and compare this 
to risk reduction via other means. Estimate the cost
effectiveness of the alternative approaches, including 
examination of the incidence of costs and risk, and de
velop recommendations on when routing regulation 
should be among the preferred alternatives for risk reduc
tion. 

Phase 2 - Criteria for Route Designation - Identify the 
factors that should be considered in selecting hazmat 
routes and how the factors should be weighted or other
wise dombined in the route designation process. Identify 
the parties who will be involved in routing and assess 
their risk assessment decision support needs. identify the 
data and methods that are available to implement the rec
ommended route designation procedures, and develop 
user-friendly mechanisms to place these tools into the 
hands of the route designation analysts and decision mak
ers. Depending upon the criteria included in the routing 
methods, the decision support tools might address factors 
such as the influence of emergency response capabilities 
on risk, incorporation of sources of variability or uncer
tainty, impacts of time of day and traffic levels, use of 
local or situation specific data in lieu of default factors, 
and ability to distinguish between routine operations and 
emergency situations. 
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The research should cover highway transportation, other 
modes, and intennodal transport where the public will 
become involved in the route selection or siting process. 

Cost: $550,000 
Duration: 30 Months 

Title: Integration of Design, Operation and Mainte~ 
nance of Hazardous Materials Transportation 
Facilities and Equipment 

Problem Statement: Hazardous materials transportation 
releases can occur because the design, operation and 
maintenance functions are not well integrated. This can 
apply to facilities (including roadway networks) or 
equipment. For example, a piece of equipment might 
have been designed whose operation was unclear, com• 
plex, or unworkable to the operators, leading to a failure 
of the equipment and resulting in a release. Operators 
may not be able to compensate for these types of prob
lems because of the lack of infonnation, knowledge or 
understanding of the interactions between the system 
components. They may not understand the system func
tionality, what kind of compensation or intervention can 
be made at a particular point, or have a lack of motivation 
to accept and act upon the infonnation about the system (a 
"not my problem" mentality). 

Proposed Research: I . Examine hazardous materials 
release scenarios to: (a) understand linkages among de
sign, operation, and maintenance features; (b) detennine 
the extent to which lack of system integration contributes 
to the releases and their severity; and (c) use fault tree 
analysis to portray the linkages and their implications. 

2. Using the output from the examination of scenarios, 
investigate how design, operation and maintenance fea
tures of facilities and equipment can be linked and inte
grated with human factors to minimize the incidence of 
hazardous materials spills. 

3. Detenn ine how critical aspects of these linkages can be 
most effectively communicated and implemented by man
agement and operators. 

4. Develop education, training and communication 
strategies that encompass information quality, availability, 
comprehension, and motivation. Apply these along the 
entire continuum of design, operation aud maintenance 
(including feedbacks to redesign, etc.). 

5. Identify and evaluate the changes in the management 
process needed to successfully integrate the design, op-
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eration and maintenance functions. Identify the barriers 
to the needed changes and the means to overcome them. 

Cost: $2S0,000 
Duration: 18 Months 

Title: Effectiveness of Highway Operational MeAsures 
to Reduce Risk in Hazardous Materials Transpor
tation 

Problem Statement: Various types of highway opera
tional measures have been proposed for reducing risk in 
hazmat transport, but there is little experience in designing 
these types of measures and scant evidence of their effec
tiveness. For example, the effectiveness of designated 
lanes for hazmat carrying trucks needs to be investigated. 
lf designated lanes are implemented, what types of re
strictions should be used and what impact will this have 
on the probability of truck accidents? What roadway 
geometrics would promote safer hazmat highway opera
tions? Similarly, safe havens are sometimes required for 
storage of unattended hazmat vehicles, but there are no 
generally accepted criteria for what constitutes an accept
able safe haven. Likewise, time of day restrictions on 
hazmat operations have been suggested, but with no con
sistency of application or detailed analysis of expected 
consequences. Some agencies have proposed restricting 
hazmat shipments in urban locales to nighttime hours, 
when congestion and exposure may be lower, while others 
have proposed restricting shipments to daytime hours 
when emergency response capabilities may be greater. 
Such contradictory approaches need to be resolved. 

Proposed Research: Identify highway operational meas
ures that have been proposed or have the potential to re
duce hazmat transport risk. Compile data on those meas
ures that have been tried, focusing on the rationale or 
design criteria used and the operational results achieved in 
practice. Estimate the range and incidence of the costs 
involved in implementation of highway operational meas• 
ures. Identify data and methodologies that can be used to 
assess the cost-effectiveness of such measures, and con
duct assessments of the most used or most promising 
measures. Prepare design guidelines for highway opera• 
tional measures for reducing hazmat risk. 

Cost: $300,000 
Duration: 15 months 
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Title: Socioeconomic Impacts of Hazardous Materia Is 
Transport 

Problem Statement: The nature and existence of spatial 
patterns in hazardous materials traffic with respect to sub
populations or population sectors have not been analyzed. 
Understanding such patterns is critical to detennining if 
inequities exist in exposure to risk, such as those pertain
ing to environmental justice concerns. 

Proposed Research: Evaluate if hazardous material 
transportation patterns and risk are more spatially concen
trated in, or proximate to, socially or economically disad
vantaged sub-populations. Research is needed with re
spect to: 

1. How such sub-populations are defined and identified 
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2. What methods and criteria can be used to determine 
whether or not inequities exist, including measures of risk 
perception 

3. The application of methodologies to detennine the 
existence of spatial patterns and the existence of inequities 

4. How one would remedy such inequities in tenns of 
rerouting, increased safety design, operation and mainte
nance, etc., and 

5. How to communicate the outcome of the research to 
decision-makers in the transport sector and to the general 
public. 

Cost: $250,000 
Duration: 18 Months 
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HAZARDOUS WASTE 

WORK GROUP PARTICIPANTS 
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Hazardous waste issues are continually coming to the 
social, economic and political forefront in the United 
States. A few illustrations of this fact are the intense 
debate on Superfund and Clean Water Act reauthoriza
tion, the hundreds of billions of dollars invested annually 
in hazardous waste management, cleanup, and research, 
and the keen interest in the evolution of a uniform envi
ronmental responsibility and management standard being 
developed by the International Standards Organization 
(ISO). The development, operation and maintenance of 
the transportation infrastructure in this country will be 
increasingly impacted by hazardous waste issues as regu
latory requirements continue to increase and the ability to 
locate projects in areas which arc free of pre-existing 
contamination continues to decrease to the point that re
use/redevelopment of contaminated properties is unavoid
able. 

Currently, almost every aspect of transportation is in some 
way impacted by the myriad of hazardous waste-related 
laws and associated regulations including: the Resource 
Conservation and Recovery Act (RCRA); the Compre
hensive Environmental Response, Compensation, and 
Liability Act (CERCLA or Superfund); the Toxic Sub
stances Control Act (TSCA); the Clean Air Act; the Clean 
Water Act; the Safe Drinking Water Act; the Pollution 
Prevention Act; the Marine Protection, Research and 
Sanctuaries Act; the Occupational Safety and Health Act 
(OSHA); the Federal Insecticide, Fungicide and Rodenti
cide Act (FIFRA); the Hazardous Materials Transporta
tion Act; and, the Atomic Energy Act (and related federal 
nuclear waste statutes). Furthennore, there are state 
equivalents to many of these regulations that may even be 
more restrictive than their federal counterparts. As a re
sult, there are often extreme costs associated with comply-
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ing with the extensive regulatory requirements, and envi
ronmental managers everywhere are constantly seeking 
more efficient, inexpensive, and/or innovative solutions to 
address their waste-related issues. Specific areas where 
cost savings and/or operational improvements are cur
rently being sought by government agencies and the pri
vate sector include pollution prevention and waste mini
mization, innovative waste treatment and handling 
technologies, reuse of contaminated materials and proper
ties (Brown fields), and risk management. 

Most of the hard research on hazardous waste issues, to 
date, has been perfonned outside of the transportation 
arena by such agencies as U.S. Environmental Protection 
Agency (EPA), U.S. Department of Energy (DOE), the 
U.S. Air Force, and others, as well as private industries 
and industrial associations. However, further research is 
necessary and prudent to help transportation agencies to 
more efficiently and effectively deal with the numerous 
regulatory requirements and the very significant resource 
demands associated with hazardous waste and materials 
management. Such research can have the immediate 
benefit of synthesizing and sharing the different expertise 
and lessons learned from the hundreds of transportation 
agencies as well a~ other organizations that are confronted 
with these same issues. A morn formal, perhaps on-line, 
data repository would enhance the sharing of infonnation, 
particularly so that the transportation industry can take 
better advantage of the hazardous waste research being 
performed by the non-transportation sections. Addition
ally, research and information exchange could assist in the 
development antl implementation of specific improve
ments in the way hazardous materials issues are currently 
being evaluated and addressed. 
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The most cost-effective way to minimize adverse impacts 
and future liabilities associated with the generation of 
wastes is often through the use of pollution prevention 
and recycling programs, staff and community education 
programs, a more programmatic cradle-to-grave approach, 
and/or emerging waste treatment technologies. With pas
sage of the Pollution Prevention Act of 1990 Congress 
declared that pollution should be prevented or reduced at 
the source whenever feasible; pollution that cannot be 
prevented should be recycled in an environmentally safe 
manner whenever feasible; pollution that cannot be pre
vented or recycled should be treated in an environmen
tally safe manner whenever feasible; and disposal or other 
release into the environment should be employed only as 
a last resort and should be conducted in an environmen
tally sate manner. This established the national policy 
and hierarchy of effective waste management. In support 
of this concept, much of the recent research and experi
ence regarding hazardous waste shows that waste preven
tion is preferable to after-the-fact waste management and 
cleanup. Although most transportation construction proj
ects require involvement with after-the-fact wast man
agement issues, operation and maintenance (O&M) as
pects of transportation have greater opportunity to deal 
with potential waste prevention issues. 

By assessing applicable regulatory constraints and 
evaluating all phases of a client's activities at a site for 
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hannful byproducts which must later be treated and/or 
disposed of, waste problems can be treated before they 
even occur. The avoidance of waste generation and dis
charge not only saves the direct costs of disposal and 
remediation, but also achieves substantial savings in costs 
associated with permitting, reporting, compliance and 
liability. Where complete elimination of waste is not 
possible or environmental contamination already exists, 
new and innovative technologies may offer the most cost
effective solution although their adoption often requires 
additional analysis and negotiations with both clients and 
regulators. In still other cases, the most innovative tech
nology is to let nature treat one's waste problems (for 
example, through natural attenuation or intrinsic biore
mediation) or to simply adopt one's waste problem into 
the future use of the property, such as by establishing 
deed restrictions that allow only those land uses that are 
compatible with current or safe reuse. 

In recent years, regulators, government officials, and re
searchers have begun to realize the value of Brownfields 
due to their often advantageous location in developed 
areas where vacant real estate may be a premium or where 
affordable land eligible for urban revitalization is avail-
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able. The challenge is to clean up the site in a manner 
which is protective of health, yet is cost-effective and 
efficient while limiting the future liability associated with 
the contamination that remains at the site. The reclama
tion of contwninated properties has become easier in the 
past few years due to several trends. Recent initiatives by 
the U.S. Environmental Protection Agency and state 
regulators, as well as federal legislators, have focused on 
limiting the potential liability that might arise from these 
properties. Incentives have been proposed to encourage 
the reuse of these properties, and many state environ
mental agencies have produced guidance and regulations 
to allow cleanup efforts to be guided by the future use of 
the property rather than conservative and often unrealistic, 
pristine scenarios. 

To adequately protect the public and the environment, 
risks associated with addressing and transporting hazard
ous wastes and materials must be appropriately evaluated 
and managed. The conventional approach to risk man
agement (which is still applied in many places) was to 
evaluate hazardous materials and pollution situations un
der worst-case scenarios regardless of how realistic such a 
scenario was. This generally resulted in the required 
identification, evaluation and implementation of very 
costly (and often ineffective) solutions and technologies. 
In contrast, the modem trend in risk management is to 
evaluate and control sources of potential exposure and 

tions as societal concerns, economics, politics, and 
planned land uses. This approach is becoming more and 
more accepted as the best means of developing appropri
ate waste management alternatives and of properly allo
cating the generally scarce resources available for imple
menting these alternatives. Comprehensive risk 
management programs are being developed which force 
managers to consider and evaluate risk-related issues and 
data needs from the planning stage of a project through 
final decision-making and implementation. These pro
grams also consider and attempt to address the frequent 
tension between giving priority in funding to the problems 
with highest associated risks to human health or the envi
ronment (worst-first approach) as opposed to the prob
lems where the most significant improvement can be 
achieved with the finite available resources (cost-benefit 
approach). The key to this analysis is being able to de
velop risk assessment and cost modeling methods which 
fairly and consistently quantify the relative risks, benefits 
and costs of each programmatic decision. 

Together with a review of the biggest and most urgent 
information needs of transportation managers, the timeli
ness and i~portance of the issues highlighted above 
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played an important role in the development, screening 
and refinement of the research needs statements provided 
herein. 

RESEARCH NEEDS STATEMENTS 

Title: Evaluating Constituent Leachability, Migration 
and Fate Issues Associated with Incorporation of 
Contaminated or Reusable Materials in Highway 
Construction 

Problem Statement: The incorporation of contaminated 
(hazardous or non-hazardous) materials or other re-usable 
materials in highway construction is a potentially 
beneficial and cost-effective method of re-use and 
recycling that reduces the use of virgin materials. Policies 
and legal mandates requmng recycling of 
materials/wastes are now in place in many jurisdictions 
and are anticipated to increase in the coming years; many 
even specify that certain percentages of recycled or waste 
materials be reused. However, use of materials that are 
considered to be "contaminated" or "waste" (thus, 
potentially "hazardous") raises questions about the 
potential for adverse impacts due to the possible release of 
toxic and/or hazardous constituents into the air, 
groundwater and/or surface water. The results of this 
research are intended to benefit transportation agencies by 
providing supporting data on typically encountered 
materials which will either confirm or refute the 
advisability and safety of incorporating such materials in 
highway construction. 

Proposed Research: Evaluate the environmental impacts 
of re-used and recycled materials by designing and 
building test roadway stretches that incorporate these 
materials and measuring the fate and transport of the 
potentially hazardous constituents present' in the 
reused/recycled materials. Steps in the research project 
shall include: 

1. Developing a list of the most prevalent and/or 
problematic candidate materials by researching 
existing data and reports and by executing a survey of 
transportation agencies to fill any data gaps; 

2. Identifying those materials to be evaluated in further 
detail based upon potential for migration and adverse 
effects, frequency of occurrence in highway practice, 
availability of existing data, and need for material
specific research; 

3. For the materials which are selected, evaluating 
where in the roadway/right-of-way the materials 
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Based on an assessment of factors such as urgency of 
need, time required for completion, and magnitude and 
likelihood of required funding, it is proposed that first 
priority be given to perfonning the research described in 
needs statements two, three and four. 

could or should be incorporated (slopes, roadbase, 
asphalt, etc.); 

4. Developing and implementing a testing program 
(bench and/or field scale as appropriate) to provide 
data on leachability, aging, fate, mobility, etc.; and 

5. Evaluating and reporting on a,) the projected extent 
of impacts to the environment (e.g., leachate, air
borne transport, effects on receiving streams, toxicity, 
ability to establish vegetative cover, etc.), and b,) 
available mitigation or application techniques to 
minimize the potentiul for adverse impacts. 

Cost: $500,000 
Duration: 3 years 

Title: Develop a Needs Assessment Protocol for Trans
portation-Related Environmental Management 
Information Systems (MIS) 

Problem Statement: Masses of data, both internal and 
external, are often underutilized within transportation 
organizations. The development of Management 
Information Systems for environmental applications in 
transportation is a means to manage and effectively utilize 
such data. Types of environmental information useful to 
organizations may include: wetland delineations, 
hydraulic information, structure and utility location, 
contaminated materials location, etc. Ready access to and 
integration of various data could greatly assist 
transportation organizations in m1mm1zmg costs 
associated with activities such as alternatives analysis, 
right-of-way acquisition, maintenance operations, etc. In 
order to reduce duplication of effort among transportation 
organizations in developing such systems, a needs 
assessment protocol should be developed. 

Proposed Research: The recommended research focuses 
on identifying and characterizing the information 
management needs of a broad range of transportation
related organizations. The protocol to be developed 
should be a comprehensive "How to Guide" which sets 
forth both the process and recommended tools to produce 
a sound and complete MIS needs assessment. The 
protocol should, at a minimum, include a description of 
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how the subject organization should perform the tasks 
associated with scoping the environmental component of 
a comprehensive MIS. Specific tools (e.g., interview 
guides, sample questionnaires, reference lists, report 
outlines) that are applicable and appropriate should also 
be developed and presented. The protocol should 
describe how to: 

1. Characterize existing types of information to be 
considered for management. A review of current 
databases, products and information sources is 
envisioned. 

2. Identify 11ew databases, products and information 
sources or services that will be required based on cur
rent and anticipated responsibilities and priorities. 

3. Characterize the user base. Identify representative 
potential users and characterize the current methods 
for accepting and utilizing information services. Ex
isting internal and external infonnation resources, 
technical and communications capabilities and level 
of sophistication should be examined. Surveys, 
questionnaires and interviews may be appropriate. 

4. Assess user requirements. Define those areas in 
which end-users express the greatest interest and 
need. Surveys, questionnaires and interviews may be 
appropriate. 

5. Develop a user needs definition report detailing the 
interests and system requirements from the user per
spectives. The report should set forth short term ( 1-2 
years) aud iong i.enn ( 5-10 yt:,m) new~ i:111u :;pi;i;i [ii; 

user priorities of an information management system. 
6. Assess appropriate information technologies includ

ing software application delivery tools and effective 
communication tools. This step in the protocol 
should also consider existing and planned operating 
environments, communications infrastructure and 
storage technologies. 

7. Prepare an Information Technology Assessment re
port describing the technical feasibility and costs to 
design, build, operate and maintain various informa
tion management system alternatives. 

8. Identify potential system co-funders, opportunities to 
generate revenues once the system is operating, and 
the cost-efficiencies to be realized via the rapid ac
cess to mnltiple databases, information sources and 
analytical tools. 

The detailed protocol developed through this research will 
allow responsible individuals (without extensive systems 
information experience) to adequately define the scope, 
cost and timing of developing or upgrading the environ
mental component of an MIS. The outputs of the protocol 
should address: 
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1. The specific information management objectives of 
the user organization. 

2. Compatibility and system architecture concerns as 
related to the user organization's existing MIS. 

3. The specific resources (labor and money) and 
schedule associated with the proposed system devel
opment or upgrade. 

4. The data and information linkage requirements with 
users that are both interna{ and external to the organi
zation. 

5. The potential increases in the efficiencies and pro
ductivity resulting from various system configura
tions. 

The output will be readily employed in the development 
and preparation of an implementation plan which 
specifies the hardware, software and expertise necessary 
to cost effectively procure, install, document, and 
maintain the selected information management system 
configuration. 

Cost: $75,000 - $100,000 
Duration: 6 - 9 Months 

Title: Minimizing Transportatiou Agencies' Liability 
Associated With Use or Contaminated Property 

Problem Statement: Historically, transportation agen
cies have avoided using contaminated properties for proj• 
ect construction. Major concerns have been: increased 
costs and delays due to regulatory compliance require
ments; and, more significantly, uncertainty about future 
liability. 

Recently, the federal and state governments have initiated 
legal and/or administrative changes to encourage cleanup 
of contaminated property. As the private and public sec
tors remediate abandoned, polluted properties and restore 
them to the economic mainstream, transportation agencies 
will be expected to play a cooperative role in providing 
access to these revitalized areas. 

The use of contaminated sites offers transportation agen
cies the opportunity to acquire property at reduced costs. 
Technological advances and lesser remediation require
ments reduce cleanup costs. However, despite changes in 
the regulatory climate and potential decreases in cost of 
cleanup, transportation agencies remain wary about the 
uncertainties of liability -- both for future cleanup and for 
third-party suits. 

Therefore, the public transportation community would 
greatly benefit from a research project that identifies 
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ways to minimize liability when using contaminated 
property. 

Proposed Research: The proposed research should in
clude the following tasks: 

1. Identify the level of legal protection available to pub
lic transportation agencies in: 
• state cleanup laws 
• federal cleanup laws and administrative guid

ance; 
2. Assess availability of defenses to third-party liability; 
3. Survey transportation agencies to identify case stud

ies; existing and anticipated law suits; and issues in
volving use of contaminated property; 

4. Identify approaches to minimize liability, such as: 
• engineering controls 
• appropriate use of land use restrictions and other 

institutional controls 
• risk based approaches to make decisions regard-

ing contaminated property use; 
5. Prepare a summary of findings report. 

Cost: $140,000 
Duration: 6 months 

Title: Interactive Right-to-Know, Health and Safety 
and Waste Management Awareness Training for 
Transportation Agency Employees 

Problem Statement: Transportation employees 
throughout the country encounter hazardous materials or 
hazardous waste on a routine basis, some on a daily basis. 
Many of these individuals have received little or no 
training relating to health and safety issues. Unfortu
nately, there have even been several casualties which 
could be attributed to the lack of proper training. There is 
no training program currently available which is specifi
cally designed for transportation employees in these im
portant issues. 

There are several commercial health and safety training 
programs currently on the market. However, these pro
grams were developed to train employees of industrial 
facilities such as chemical manufacrurers or other indus
tries which store large quantities of hazardous materials 
and generate large amounts of hazardous waste. Provid
ing these commercially available programs to transporta
tion employees can cause confusion since the situations 
transportation employees may encounter are not typically 
of the same magnitude. Untrained employees can mis
handle environmentally sensitive materials, resulting in 
expensive cleanups or endangerment of personal safety 
and health. 
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In addition, regulations are periodically revised and up
dated, making it difficult to keep training programs cur
rent. Transportation agencies do not have the personnel 
to continually update training programs. 

A CD ROM type interactive training program needs to be 
developed, geared specifically for transportation employ
ees, and covering health and safety, right-to-know, and 
waste management awareness issues. This training pro
gram should be developed with three independent ele
ments (health and safety, right-to-know, and waste man
agement awareness). It should be formatted so that it can 
be used by an individual or in a classroom setting. The 
software cannot be proprietary and must be developed so 
that it can be easily updated on an annual (or more fre
quent) basis, as the regulations are updated. 

The use of this system will result in the following bene
fits: reduced costs, increased efficiency, minimization of 
employees utilized for training, and employees' increased 
awareness of the subject matter. 

Proposed Research: Review currently available inter
active CD ROM' s to determine best format. Several dif
ferent transportation agencies should be visited to observe 
common practices and similar materials routinely used. 
Transportation personnel and equipment must be utilized 
in program development. Research for training elements 
would include determining various situations a transpor
tation employee may encounter (such as a release of a 
hazardous material on a roadway, routine activities at a 
maintenance facility, construction or geotechnical drilling 
projects that encounter contaminated material, etc.), gen
eral types of hazardous materials typically used, labeling 
requirements, shipping documents, transportation of haz
ardous materials and waste requirements, release reporting 
requirements, and a list of waste generation processes. 

The end result would be an interactive CD ROM that 
could be distributed nationwide to cost-effectively train 
large numbers of transportation employees in the areas of 
health and safety, right-to-know, and waste management 
awareness. 

Cost: $150,000 
Duration: 12 Months 

Title: Evaluate the Use of Universal Wastes and Other 
Transportation-Generated Wastes as a Replace
ment for Virgin Materials in Highway Construc
tion 

Problem Statement: The use of universal wastes and 
other transportation-generated wastes combined with or in 
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place of virgin materials has the potential to reduce costs 
of waste disposal (of transportation wastes) and 
requirements of virgin materials, and end costs for 
material associated with transportation construction and 
operations. Replacing or combining virgin materials with 
wastes identified as universal wastes or other 
transportation-related process wastes currently requires a 
case-by-case evaluation of the availability, benefits, cost, 
and functional equivalency to v1rgm materials; 
identification of potentially-regulated constituents; and 
determination of ultimate environmental stability. The 
cost advantages of the use of alternative materials can be 
easily lost if each state highway agency has to conduct 
independent evaluations of each of the potential options. 
This can represent a significant commitment of limited 
resources that may have a benefit only for an individual 
project. To have a pre-developed evaluation and rigorous 
comparison of material use options using standard 
materials testing protocol would be cost-effective and 
beneficial and help meet the regulatory mandate to 
recycle. 

Proposed Research: Develop a comparison matrix of 
selected materials versus virgin materials by replacing 
some or all of the virgin raw materials with a universal 
waste or other transportation generated wastes. The 
baseline for any substitution comparison shall be on an 
"equal- or better-quality" finished product. Comparisons 
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shall, at a minimum be consistent with regulatory 
requirements and consider variables such as cost, 
availability, quality of the end product, constructability, 
and environmental stability of the final product. The 
comparison matrix shall include: 

J. Evaluation of candidate replacement materials/wastes 
(i.e., paint wastes, street sweepings, foundry slags, 
bottom ash, etc.); 

2. Detennination of the availability, volumes, and 
general source locations of such materials; 

3. Identification of candidate uses (i.e., fill, aggregates 
for Portland Cement Concrete or Asphalt Cement 
Concrete, flowable fill, etc.); 

4. An economic analysis of the benefits ofre-use; 
5. Commercial usefulness; 
6. Functional material evaluation or characterization; 
7. Liability issues of use of potentially contaminated 

materials; 
8. Environmental assessment of replacement materials 

before and after incorporation into a final product; 
and 

9. Management system assessment (need for tracking of 
materials, environmental impacts, cost, locations of 
placement, etc.). 

Cost: $250,000 
Duration: 18 Months 
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Nearly every person in the United States is somehow af
fected by noise originating from transportation sources. 
The primary impact area is for urban residents affected by 
noise from major transportation systems. However, sub
urban and rural residents are also affected by noise from 
interstate and rural highways, aircraft and train sources. 

Transportation noise affects people in a variety of ways 
and people perceive noise subjectively. An individual 
located hundreds of feet from a highway may experience 
a very low level of transportation noise; however, this 
noise may be perceived as more annoying than other, 
natural noises that may be louder, such as birds and in
sects. Reflected noise from noise barriers, rock cliffs and 
other structures may also be perceived as annoying even 
though the measured levels of sound are quite low. Trans
portation noise may affect the ability of people to carry on 
conversations, to concentrate in work and school settings, 
and to sleep. 

Noise is a major issue associated with the design and 
construction of new transportation systems, as well as 
improvements to existing transportation systems. Current 
technologies make it impossible to design a transportation 
system that does not produce noise. In addition, in an era 
of reduced government funding, the cost of constructing 
mitigation measures for environmental impacts is being 
strictly scrutinized. This includes noise mitigation meas
ures, which can be very expensive. Noise barriers can cost 
in excess of $2 million per mile. In light of these consid
erations, issues in the forefront of transportation noise 
research over the next few years include: improvements in 
methodologies used to predict noise levels from transpor
tation sources; gaining a better understanding of factors 
affecting human annoyance with noise; and analyzing 
noise mitigation measures with emphasis on more aes-

Joseph Ossi 
Michael A. Staiano 
Eric Stusnick 

thetically pleasing methods and alternatives to traditional 
noise barriers. 

The Federal Highway Administration's (FHWA) High
way Traffic Noise Prediction Model and, subsequently, its 
related STAMINA 2.0/OPTIMA software programs for 
highway traffic noise prediction and noise barrier design 
have been used by analysts for almost two decades. Dur
ing this time, improvements have occurred in state-of-the
art methodology and technology for noise prediction and 
barrier design. In addition, the ability to predict transit 
noise has been imprecise in the past, with no standard 
methodology or set of impact criteria available for predict
ing transit noise. 

Many of the traditional problems with the prediction of 
noise from transportation sources have been recently 
solved, or at least, significant progress has been made in 
rectifying these problems. Recently, there have been 
many exciting developments in the field of transportation 
noise prediction and control by the key federal transpor
tation agencies. New noise prediction models have been 
developed by the FHWA, the FederaJ Aviation Admini
stration (FAA) and the Federal Transit Administration 
(FTA). The introduction of these new models has en
hanced the ability to accurately predict noise originating 
from specific transportation sources. 

The FHWA Traffic Noise Model (FHWA TNM) is an 
entirely new highway traffic noise prediction model that 
has a Microsoft Windows interface and an internal Com
puter-Aided Design Drawing capability. The FHWA 
TNM will calculate traffic noise levels using totally new 
acoustical algorithms as well as newly-measured emis
sions levels for five standard vehicle types, i.e., automo
biles, medium trucks, heavy trucks, buses and motorcy-
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cles. The calculations will be performed in one-third 
octave bands for each of two subsource heights per vehi
cle. The FHWA TNM will output overall A-weighted 
sound levels for locations with and without noise barriers. 
lt will allow for analyses of (I) both constant-flow and 
interrupted-flow traffic, (2) attenuation due to rows of 
buildings and dense vegetation, (3) effects of parallel 
noise barriers, (4) results of multiple diffractions, and (5) 
noise contours. The introduction of this new model 
promises to improve the accuracy as well as the ease of 
highway noise prediction. 

Atmospheric effects on propagation have not been ade
quately researched to be incorporated into the highway 
traffic noise prediction process. Research should continue 
to determine the contribution of these atmospheric effects, 
with the goal of appropriately including this factor within 
TNM. 

lt has long been recognized that there is a relationship 
between roadway pavement type and noise generation 
characteristics. Research should be continued to analyze 
tire and pavement noise characteristics. Studies should 
specifically include evaluation of the effects of age and 
wear and the long-term stability of various pavement 
types. 

Construction of noise barriers has been the most o~en 
used measure to abate highway traffic noise. Noise barri-
PrL' h~, rP rPf""P'ivPrl m-iv~rl rP,1-i 1>,-crci fr()f'Y'l .,-p,~1.-lents h,:1 M it, rt 

the barriers, as well as from drivers traveling on the high
ways. Many people find noise barriers aesthetically un
pleasing and find that they lead to a monotonous driving 
experience. Research should continue to develop im
proved designs for noise barriers that are more effective, 
economical and aesthetically pleasing, including the pos
sibility of using alternative building materials, such as 
recycled materials. 

RESEARCH NEEDS STATEMENTS 

Problem Area: AIRCRAFT NOISE 

Tith:: Supplementary Metrics fur the Evaluation of 
Aircraft Noise Impact 

Problem Statement: The Day-Night Average Sound 
Level (DNL) is the acoustic metric currently used by the 
Federal Aviation Administration in evaluating the com
munity impact of aircraft noise around airports and in 
establishing a design criterion for residential sound insu
lation programs. Recent experience has indicated that the 
use of this metric alone may not be technically sufficient 
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The FAA Integrated Noise Model (!NM) has been up
dated to run under Microsoft Windows 95. INM Version 
5.1 also includes a U.S. Air Force military aircraft noise 
database. This model update makes INM more user 
friendly. Research is ongoing by FAA and the airline 
industry to reduce the noise generated by aircraft and to 
design flight paths that will be efficient and minimize, to 
the greatest extent possible, airport noise impacts. The 
major methods for mitigation of airport noise impacts are 
purchase of affected properties and sound insulation of 
affected structures. Since the purchase of impacted resi
dences may not be economically feasible, research should 
continue on improving the use of sound insulation to 
mitigate airport noise impacts. A comprehensive study 
evaluating various sound insulation treatments in use in 
the U.S. and in other countries should be perfonned, 
evaluating cost and effectiveness. A guidance document 
should be developed to assist airports in setting-up and 
managing sound insulation programs. 

The FTA has developed a methodology for transit noise 
prediction and guidelines for impact determination, found 
in Transit Noise and Vibration Impact Assessment (dated 
April 1995). This document fills a gap that previously 
existed in the area of assessment of trausit noise. Contin
ued research is needed in this area, specifically the devel
opment of a procedure for estimating sound barrier per
formance for railroad noise. 
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than one transportation source. This is true in many urban 
areas, where residents may be affected by a combination 
of highway, rail and aircraft noise sources. Research is 
necessary to develop a methodology for the integrntiou of 
noise originating from multiple transportation sources. 

in many situations. In addition, much of the public's per
ception is that an averaging metric, such as DNL, does 
not correlate well with their response to the intruding 
aircra~ noise. 

Four areas in which responses to aircraft noise appear to 
be greater than expected from the existing aircraft DNL 
are: (a) near small and mid-sized airports where the aver
age Sound Exposure Level (SEL) of single aircraft over
flights, at a given DNL contour, is much greater than the 
corresponding SEL at that DNL contour near a large air
port; (b) at locations where background noise levels, as 
characterized by L~0, are more than LO dB below the noise 
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levels produced by aircraft overflights, as characterized by 
L10; (c) at locations distant from airports where new air 
traffic patterns have introduced recognizable aircraft noise 
into regions that previously did not often experience such 
noise events; and (d) near airports at which there has been 
a discontinuous increase in the amount of air traffic or a 
dramatic change in air traffic patterns. 

Research is required to identify acoustic metrics that can 
be used to supplement DNL in evaluating community 
impact and in establishing design criteria for residential 
sound insulation programs in these situations. 

Proposed Research: Research on appropriate supple
mentary noise metrics should be carried out in three areas: 
(1) investigation of the use of single-event acoustic met
rics to supplement DNL in sound insulation programs, 
(2) investigation of other cumulative acoustic metrics that 
account for community response to new or dramatically 
changed noise exposure, and (3) investigation of noise 
metrics that compare intrusive noise levels to background 
noise levels. As part of this research, previous single
event and cumulative noise metrics should be reviewed in 
tenns of the parameters each considers (i.e. total acoustic 
energy, maximum sound level, duration, number of 
events, signal-to-noise ratio, variability of sound level, 
etc.). Where data are available, community reactions to 
aircraft noise should be compared in terms of those met
rics that appear feasible, including the changes in those 
metrics as the result of changes in air traffic patterns. 
Gaps in the existing knowledge should be identified and 
appropriate acoustic measurement/social survey studies 
recommended to remove these gaps. 

Cost: $200,000 
Duration: 12 months 

Title: Technology for Aircraft Noise Control 

Problem Statement: The state of the art in noise control 
technology for aircraft is not sufficient to eliminate ad
verse environmental impacts from airport and aircraft 
operations. Continued research and development of ad
vanced technology to reduce noise exposure below the 
current FAR 36 Stage 3 levels is required. Future growth 
of air transport will be restricted if advanced technology 
for noise control is not developed. This problem is further 
compounded by the fact that, while there is a successful 
but modest technology-specific research program being 
jointly carried out by NASA and FAA, there is no basic 
aircraft noise research program at NASA or in any other 
federal agency. 
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Proposed Research: The J 99 I Environ menial Research 
Needs Statements identified the development of a com
prehensive, coherent, multiyear cooperative aircraft noise 
research effort between NASA, FAA and elements of the 
aerospace industry as a critical requirement. Such a pro
gram has been developed and is being carried out through 
the Noise Reduction Element of the NASA/FAA Ad
vanced Subsonic Transport Program. The program is now 
at midpoint. The program is on track to achieve interim 
goals for a 3 dB reduction in jet engine noise and a 25% 
reduction in nacelle treatment effectiveness. Scale model 
demonstrations of several aspects have been undertaken 
or will soon be done. However, achievement of the ulti
mate goal of a 10 dB reduction in community noise has 
been threatened by budget uncertainties and funding re
ductions. The Steering Committee of the Noise Reduction 
Element has also identified additional research needs, 
including landing gear noise, a review of airframe noise 
sources and levels with respect to overall community 
noise levels, and active noise control technology. The 
Steering Committee is also in process of identifying addi
tional goals beyond the year 2000 when the program is 
currently slated to end. A successful aircraft noise control 
technology research and development program requires a 
sustained commitment over a long time period from both 
federal agencies and industry. The Workshop reaffirms 
its identification of basic and applied research in aircraft 
noise control technology as a critical area of need. 

Cost: $194 million through 2000 
Duration: 10 years 

Title: Effect of Sudden Changes in Noise from Aircraft 
Operations on Sleep Disturbance and Annoyance 

Problem Statement: Recent field studies of sleep 
disturbance from aircraft noise in Great Britain and in the 
United States have generated considerable controversy in 
those two countries since they determined that sleep dis
turbance by aircraft noise appears to be far less common 
than had been previously thought. A possible explanation 
for the results of these studies is that one eventually ha
bituates to the noise environment and numerous awaken
ings do not then occur. There has been little work done to 
study this habituation since sudden discrete changes in 
aircraft noise exposure do not normally occur. Such 
studies are necessary, however, if the public is to be con• 
vinced of the validity of the recent work. 

Additionally, the introduction of aircraft overflights into a 
community that has previously experienced few such 
noise events generally causes considerable human annoy
ance. For example, the introduction by the FAA in 1987 
of the Expanded East Coast Plan, which modified the 
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routing of commercial aircraft into the three metropolitan 
New York airports, caused considerable adverse com
munity response and litigation, even in areas where the 
aircraft are at cruise altitudes. 

Proposed Research: The objective of this research 
is to study the accommodation of humans to sudden, dis
crete changes in the noise exposure from aircraft over
flights by artificially introducing such an acoustic envi
ronment into a selected population of homes and 
measuring the sleep disturbance and annoyance responses 
of the residents as a function of time after the introduction 
of the discrete change. 

Cost: $500,000 
Duration: 24 months 

Title: Assessment of Sound Insulation Modification 
Procedures 

Problem Statement: Currently a large number of 
airports in the country are either planning to begin sound 
insulation programs, engaged in conducting pilot sound 
insulation programs, or actively undertaking large-scale, 
continuing sound insulation programs. Although there is 
informal communication between airport officials charged 
with implementing such programs, there is no formal 
guidance from those airports further along in their sound 
insulation programs to assist those airports just starting 
such programs. In addition, most airports manage these 
programs in very different ways. There has been no as
sessment of what management techniques work best in 
various situations. 

Proposed Research: Identify, categorize, and assess 
active sound insulation programs in the United States and 
other countries. Identify those elements of such programs 
that are most successful and those elements that are least 
successful. Develop a guidance document to assist air
ports in setting up and successfully managing sound insu
lation programs. 

Cost: $150,00 
Duration: 9 months 

Title: Standardized Testing Methods for Exterior to 
Interior Noise Reduction 

Problem Statement: Currently accepted FAA meth
ods for testing exterior to interior noise reduction on 
structures vary from region to region and conflict with 
accepted practice established by the American Society of 
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Testing and Materials and the ]nternational Standards 
Organization. Results from the different test methods 
vary widely. 

Proposed Research: Conduct a study of the various 
test methods over a range of structures before and after 
noise insulation. Evaluate the results based on their corre
lation to perceived improvement as well as repeatability 
and consistency. Develop a recommended standard test 
procedure. 

Cost: $150,000 
Duration: 9 months 

Title: Model Building Code Development 

Problem Statement: An increasing number of local 
governmental authorities are implementing building code 
sections which regulate the sound insulation of buildings 
around airports. Without the benefit of a model building 
code to follow, many of the published codes are techni
cally inaccurate and virtually unenforceable. In addition, 
many states and communities cannot adopt any code 
which has not already been adopted by one of the three 
major code agencies. 

Proposed Research: Review existing building codes to 
determine their applicability to sound insulation modifi
cations. Identify those portions of existing codes which 
are most pertinent. Assess the requirements and capabili
ties of the various local building code governing bodies. 
Review the impact of liability issues. Develop a Model 
Building Code which allows for the setting and evaluation 
of standards for exterior to interior sound insulation for 
use by local authorities when addressing planning and 
mitigation of aircraft noise. Present the proposed model 
building code to the three major code authorities for con
sideration. 

Cost: $200,000 
Duration: 11 months 

Title: Computer Model for the Prediction of Noise 
from Transportation Systems 

Problem Statement: There is currently pressure from 
government officials and the public to extend the analysis 
of aircraft noise in Part 150 studies and other environ
mental studies from the 65 dB Ldn contour to the 60 dB 
and 55 dB Ldn contour. Current aircraft noise models, 
such as the Federal Aviation Administration's Integrated 
Noise Model (INM) and the U.S. Air Force's NOISEMAP 
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program, calculate only the noise in a community due to 
aircraft, ignoring any contribution from other transporta
tion noise sources, such as highway or rail traffic. Simi
larly, the Traffic Noise Model (TNM) being developed by 
the Federal Highway Administration ignores noise contri
butions from aircraft and rail traffic. Fortunately, each of 
these models uses the U.S. Air Force's NMPLOT pro
gram for producing the final noise contours, which are the 
primary output of the models. NMPLOT has the capabil
ity of combining several noise contours into a single con
tour representing the sum of the individual contours. 
Thus, the potential exists for combining these two models 
(and rail and ship noise models, if such models are ever 
developed) into a single transportation noise model. 

Proposed Research: The objective of this research is to 
produce guidelines and specifications that could be used 
by the developers of noise models for individual transpor
tation modes to insure that their model could be com
bined, at some point in the future, into a single transporta
tion noise model. 

Cost: $100,000 
Duration: 6 months 

Problem Area: HIGHWAY TRAFFIC NOISE 

Title: Atmospheric Effects on Highway Traffic Noise 
Propagation 

Problem Statement: Recent studies by several re
search groups have shown that the atmospheric refraction 
and scattering effects that occur on the sound wave 
propagating from a highway traffic source is the greatest 
source of error during prediction and measurement. It is 
possible for noise levels to change by several decibels at a 
receptor location due to these atmospheric effects. Exist
ing prediction models for highway traffic noise do not 
account for atmospheric variations. Also, due to a lack of 
research, the new prediction model FHWA TNM 
( currently under development) does not include this fea
ture. 

Proposed Research: Research is proposed to better 
quantify the atmospheric effects on highway traffic noise 
propagation and incorporate them into the latest predic
tion model and measurement methodologies. The follow
ing tasks are proposed to accomplish the goals of this 
research: 

1) Perfonn measurements of noise levels at varying dis
tances and heights from the vehicle path along with data 
of wind speed, wind direction, and temperature. Site ge
ometry should be flat and open, such that only ground 
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effects, geometric spreading and atmospherics would 
affect propagation. Normalization of ground effects and 
geometric spreading can be accomplished, with the only 
remaining variable being atmospherics. 
2) Using the measurement data from Task 1, along with 
data from other relevant studies, a prediction scheme will 
be developed. 
3) Perform validation of the prediction scheme at two 
"real world" sites along existing highways, utilizing the 
same methodology and set-up as used in Task I. 
4) Generate a final report documenting the measurement, 
prediction, and validation procedures, analyses, and re
sults. 

Urgency and Payoff Potential: Funding this research 
would provide valuable information for the new Transpor
tation Noise Model under development, allowing in
creased prediction accuracy at greater distances from a 
highway than currently possible. This would increase the 
credibility of the analysis to the public and provide a more 
complete picture of noise impact. 

Cost: $300,000 
Duration: 2 years 

Title: Upgrade the Federal Highway Administrotion's 
Traffic Noise Model (TNM) 

Problem Statement: The TNM is a totally new 
highway traffic noise prediction model that incorporates 
state-of-the-art acoustical algorithms in a program with a 
Microsoft Windows environment and internal Computer
Aided Design Drawing capabilities. After the 1NM is 
released and users have gained training and experience in 
its use (a minimum period of one year), there will be a 
need to respond to user comments on the validity and 
adequacy of the model. The model must perform accu
rately and efficiently. 

Proposed Research: Develop an upgrade of the TNM 
that corrects user-identified deficiencies in the model. 
This upgrade will require extensive communication and 
coordination with users after TNM's release. The up
graded release of TNM will revise program elements 
which are functioning incorrectly and adjust the accuracy 
of model algorithms, where necessary. 

Urgency and Payoff Potential: This is a necessary com
ponent of new model development. Completion of the 
upgrade will allow the full benefits of the new model to 
be realized. 

Cost: $150,000 
Duration: 1 year 
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Title: Reduction of Tire/Pavement Noise 

Problem Statement: The tire/pavement interface is a 
primary cause of highway tratllc noise. Variations in 
pavement types may have a pronounced effect on the 
noise source levels. Little research has been done within 
the continental United States to evaluate a reduced noise 
pavement. 

Proposed Research: Tire/pavement noise is the subject 
of a current NCHRP synthesis study. Based on the con
clusions and recommendations of this study, further re• 
search will be pursued to address the seeming conflict of 
maintaining safety and durability in pavement design with 
designing a reduced-noise pavement. This could include 
field testing of both domestic and foreign pavement de
signs. 

Urgency and Payoff Potential: The public is becoming 
increasingly sensitive to the high level of noise from cur
rent standard pavement designs. The development of a 
reduced-noise pavement can reduce the area of potential 
~oise impacts adjacent to highways and may reduce pub
he annoyance with the tire/pavement component of high
way traffic noise. 

Cost: $300,000 
Duration: 2 years 

Title: InvestigationNalidation of Testing Procedures 
for Souud-Absorbing Barrier Materials 

Problem Statement: Controversy currently exists in 
the highway traffic noise barrier field as to the proper test 
procedure for determining the coefficient of absorption 
for barrier materials. 

Proposed Research: A review of testing procedures used 
abroad (Europe, Japan) where sound-absorbing materials 
are prevalent may, in itself, provide an answer. However, 
an important aspect of the testing procedure may currently 
overpredict the absorption and should be investigated. 
Does the frequency range of the current test match the 
actual highway traffic noise spectrum? Given the low 
frequency content of highway traffic noise and the rela
tively poor performance of most sound-absorbing materi
als at low frequencies, should weighting be employed to 
determine an overall absorption coefficient? The 
weighted absorption coefficient for any material could 
become a module for the FHWA TNM to allow the con
sideration of the spectral content of barrier reflections for 
sound-absorbing surfaces. 
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Urgency and Payoff Potential: A substantial number of 
sound-absorbing noise barriers have been constructed or 
are planned for construction. The fact that controversy 
exists among noise experts on the value of existing test 
methods for noise absorption will only add to a loss of 
state Department of Transportation (DOT) credibility with 
communities seeking noise relief that are unsure of the 
value of state DOT proposals for sound-absorbing barri
ers. This can result in project delays and increased costs 
to satisfy the communities. This research study will help 
state DOTs maintain credibility and can increase the accu
racy of highway traffic noise prediction. 

Cost: $150,000 
Duration: I Year 

Title: Development of Outreach Materials to Aid in 
Noise Compatible Land Use Planning 

Problem Statement: As the growth of urban and 
suburban residential development continues, instances of 
development that are incompatible with existing noise 
conditions along highways continue to occur. As a result, 
highway agencies are continuously faced with requests for 
noise abatement from newly developed residential areas 
located in high noise environments. Little new informa
tion has been generated or compiled on successful efforts 
made by local jurisdictions to control and guide develop
ment. Similarly, there are no tools available that utilize 
state-of-the-art methods to enable highway agencies to be 
more proactive in encouraging local jurisdictions to con
sider highway noise in the land use planning process. 

Proposed Research: Develop outreach materials 
(pamphlets, manuals, videotapes, etc.) that present con
cepts, methods, and procedures that may be used to incor
porate noise compatible land use planning in the local 
growth and development process. 

The outreach materials should, as a minimum, address the 
concepts and measures contained in the existing FHWA 
r~port "The Audible Landscape" and should contain spe
cific examples of communities with noise compi:ltible 
growth and development programs. The existing FHWA 
slide-tape presentation titled "Sound Planning" and the 
interagency report titled "Guidelines for Land Use Plan
ning and Control" should also be used as guides in devel
opment of the materials. The outreach materials should 
be developed specifically for use by those directly in
volved with land use planning - local officials, planning 
staffs, private developers, and the general public. 
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Urgency and Payoff Potential: The lack of guidance 
and information on successful examples of noise com
patible land use planning in local growth and develop
ment programs can help foster incompatible development 
along highways. As state Departments of Transportation 
implement highway improvements, vast noise abatement 
programs must be included in areas of incompatible de
velopment. This research will provide the partners di
rectly involved in local growth and development pro
grams with tools to effectively plan for new development 
adjacent to highways. This will lessen the need for costly 
noise abatement as part of highway improvement projects, 
saving millions of dollars annually. 

Cost: $250,000 
Duration: 1 Year 

Title: Transportation Noise Prediction Model 

Problem Statement: To address noise concerns and 
issues in areas with intennodal transportation activity, 
there is a need to develop a multi-modal transportation 
noise prediction model. 

Proposed Research: An interface/linkage between exist
ing aviation noise prediction and highway traffic noise 
prediction models and future rail/transit noise prediction 
models will be developed to produce a comprehensive 
prediction model that will be fully multi-modal in scope 
and output. Model functionality and appropriateness of 
noise metrics in transportation noise analysis will be as
sured. 

Urgency and Payoff Potential: This research will not be 
undertaken until noise prediction models for individual 
transportation modes have been released and put into use. 
A multi-modal transportation noise prediction model will 
allow for more informed decisions on analyses and 
abatement implementation in areas of intennodal transpor
tation activity. 

Cost: $150,000 
Duration: 1 Year 

Title: Investigation of Sound Propagation Over Ir
regular Terrain 

Problem Statement: Most propagation routines 
neglect the effects of small scale roughness. Recent stud
ies have indicated that small scale roughness, where the 
characteristic length of the roughness is smaller than the 
acoustic wavelength, can have a dramatic effect on propa-
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gation at grazing and near grazing angles of incidence. 
Such conditions are common in highway noise applica
tions. These same studies have further indicated that 
rough surfaces can be acoustically modeled as though 
they were smooth with a modified surface impedance. In 
principle, the newly developed Traffic Noise Model 
(TNM) could incorporate surface roughness by including 
many terrain lines at slightly different elevations but this 
procedure would be computationally prohibitive and may 
not properly model the physics of the problem. Finding an 
analytic solution to the problem would speed computa
tions and possibly improve accuracy. 

Proposed Research: Research is proposed to better un
derstand the effects of irregular terrain on highway noise 
propagation at distances of up to a kilometer. This re
search would seek to incorporate these effects into the 
latest propagation models and measurement methodolo
gies. The following tasks are proposed to accomplish the 
goals of this research. 

1) Perform measurements of noise levels at varying dis
tances and heights from the vehicle path along with data 
of surface height profiles and impedance parameters (flow 
resistivity, etc.). The site geometry should be nominally 
level and open such that only the ground effect and geo
metrical spreading affect the propagation. The atmosphere 
should be still and data on wind speed, wind direction and 
temperature will be recorded so that atmospheric effects 
can be discounted. Removing atmospheric effects and 
geometric spreading from the analysis will leave the 
ground effect, including roughness, as the only remaining 
variable in the problem. 

2) Using the measured data from task #I, along with data 
from other relevant studies, a prediction scheme will be 
developed which can be incorporated into an updated 
version of the TNM. 

3) Perform validation at 2 "real world" sites along existing 
highways utilizing the same method and setup as used in 
task# I. 

4) Using the prediction scheme developed in task #2, 
identify if surface roughness could be intentionally in
cluded in construction as a new mitigation technique. 

5) Generate a final report documenting the measurement, 
prediction, validation procedures, analysis and results. 

Urgency and Payoff Potential: Funding this research 
would provide infonnation for the new TNM which 
would improve prediction accuracy at greater distances 
from a highway than is currently possible. This refine
ment to the model would increase the credibility of the 
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analysis to the public and provide a more complete picture 
of noise impact. Including surface roughness in an ana
lytic manner, rather than through the use of terrain lines 
would improve the computational speed of the TNM. The 
research may also yield insight into a new mitigation 
technique, that is, including surface roughness in highway 
designs as a means of decreasing sound levels. 

Cost: $250,000 
Duration: 2 years 

Title: Field Evaluation of Reflected Noise for Sensitive 
Receptors Across from a Non-Absorptive Noise 
Barrier Surface 

Problem Statement: Residents on the opposite side 
of a highway from a reflective noise barrier often com
plain that construction of the barrier has increased noise 
levels in their area. Conventional wisdom suggests this is 
a social phenomenon not associated with the physical 
sciences. However, the consistency and repetition of 
complaints suggest that physical theory may not be con
sistent with reality. Comprehensive studies of noise level 
magnitude, annoyance image events (Ll0 - L90), 1/3 
octave-band frequency analysis of the noise source spec
trum opposite a reflective noise barrier is recommended. 
These quantitative analyses will then be used to determine 
if' thP m:agnit,,,lp ~n<i/or rnmpn,-ition of thP. noi,-P. lPVP-1 

actually changes, or whether the complaints are triggered 
by the psychological phenomenon of "barrier envy" 
(nearby residents ore not receiving a noise barrier when 
their neighbors do). 

Proposed Research: Several state Departments of Trans
portation should be canvassed where residents have com
plained about an increase in noise due to the presence of a 
recently constructed noise barrier across the highway. 
Using information about specific sites provided by the 
DOT's, study sites should be selected that provide 
equivalent cross-sectional topography and traffic opera
tions for both target (across the highway from the reflec
tive barrier) and reference (no barrier) locations. Data for 
comparative analyses should be simultaneously collected 
at various setback distances up to l 000 feet from the 
roadway. Data should be collected for target locations 
near the center of the barrier, and near the end of the bar
rier. Simultaneous data should be collected for reference 
locations under the same traffic conditions. A detailed 
record of meteorological conditions, e.g. wind speed and 
atmospheric stability, should be maintained during data 
collection. Using annoyance metrics to identify image 
events and 1/3 octave-band frequency analysis and mete
orological data, traffic noise source and reflected spectra 
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should be analyzed for the presence of an anomaly in 
actual conditions other than those currently predicted by 
the methodology. The analysis should identify whether or 
not a measured shift in noise level and/or frequency con
tent occurs for a given set of traffic operations. Evalua
tions should consider if the presence of a phenomenon 
varies with distance, or is influenced by geometric or 
physical parameters such as barrier height, surface rough
ness, and vehicle type. A technical report should be pre
pared to present the findings. 

Urgency and Payoff Potential: Community acceptance 
of noise barrier construction and state Department of 
Transportation credibility are seriously eroded by media 
reports of noise barrier reflected noise issues. The ability 
to logically and rationally explain the "reflected noise 
phenomenon" will greatly enhance State DOTs' credibility 
with the general public and help dispel community fears 
about noise reflected from barriers. 

Cost: $200,000 
Duration: 1 year 

Problem Area: TRANSIT NOISE AND VIBRATION 

Title: Transit Vibration CriteriA Study 

Problem Statement: There is significant proliferation of 
light and heavy rail transit systems within heavily popu
lated areas. Introduction of new systems often involves 
aligning track near residential and commercial structures, 
often requiring costly mitigation to avoid adverse vibra
tion impact. Criteria for human exposure to rail transit 
ground vibration are available in ISO and ANSI standards 
and are presented in the FT A Guidance Manual. Assess
ment involves measurement of vibration levels in third
octave bands generally from 1~80 Hz. The measured vi
bration levels are compared to either frequency-dependent 
band limits or summed over a frequency bandwidth. 
However, the Guidance Manual recognizes that move
ment still exists in the use of vibration descriptors. Meas
urement practices are not as standardized as they are for 
airborne noise evaluations, e.g., measurement averaging 
(exponential vs. linear) and averaging time are unspeci
fied, band level limits and overall limits both are consid
ered, and frequency bandwidths other than 1-80 Hz are 
often used. There is a need to further standardize meas
urement practices to quantify vibration exposures with 
metrics that reasonably predict human response 
(preferably in terms of a single-number vibration descrip
tor to simplify the evaluation and reporting of exposures). 
Finally, the criteria for mitigation need to be reviewed. 
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Proposed Research: A comprehensive attitudinal survey 
should be conducted parallel with measurements of l/3 
octave band vibration levels and overall A-weighted 
sound levels. The tests should include exposures from 
light- and heavy-rail transit, railroad, and highway truck 
and bus passbys of various frequencies. Measurement 
locations should include outdoors and indoors in struc
tures of various types. The results of the survey and 
measurements should be compared with applicable crite
ria. A technical report should describe the results of the 
attitudinal survey, vibration and noise measurements, 
event frequency and duration, and should compare results 
with existing criteria. 

Urgency and Payoff Potential: The avoidance of vibra
tion mitigation using floating slabs, ballast mats, or other 
measures, would be a substantial payoff. However, the 
greater return on this research effort would be the ability 
to align rail systems closer to sensitive receptors with 
confidence that vibration problems would not result. 

Cost: $300,000 
Duration: 2 years 

Title: Wheel Squeal Abatement 

Problem Statement: Wheel squeal is generated when a 
rail car rounds a curve of tight radius. Modem heavy rail 
systems are usually designed such that revenue track is of 
sufficient radii that squeal is unlikely to occur. However, 
light-rail systems must often follow existing urban streets 
and tight radii cannot be avoided. System-wide control of 
wheel squeal may be needed for these systems. Heavy 
rail systems may experience wheel squeal in maintenance 
yards where selection of curve radii to prevent squeal is 
impractical. For these systems location-specific squeal 
controls are desirable. System-wide squeal control may 
be obtained by wheel damping devices of varying effec
tiveness and cost. Lubricants delivered by vehicle
mounted and wayside applicators of various design have 
been proposed. While grease lubrication has been used 
successfully by some properties, concerns exist regarding 
impacts on vehicle traction and safety which have pre
vented implementation by some transit agencies. Compi
lation of grease lubricant experience is needed to assess 
the legitimacy of these concerns. The effectiveness of 
these lubricants in controlling squeal, and the operational 
circumstances in which a particular design would be ap
propriate, should be investigated. In addition to a rigor
ous evaluation of the performance of these products, an 
examination of the practical impacts on operations, safety, 
and secondary impacts ( e.g., soil contamination by the 
lubricant) is needed. 
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Proposed Research: The product of this effort should be 
a manual covering all aspects of the generation of wheel 
squeal, the various products and methods available for 
eliminating the problem, the effectiveness of these prod
ucts and methods, and other considerations (such as 
safety, operational issues, and costs) in the selection of a 
systemwide or site-specific approach to the mitigation of 
wheel squeal. On the question of the effectiveness of the 
various products, especially the newer vehicle-mounted 
lubricators, it is expected that actual ex:perimentation will 
be needed to supplement the available data gathered from 
transit agencies that have experience with some of these 
techniques. 

Urgency and Payoff Potential: Planning and final de
sign of numerous light rail systems and extensions is cur
rently underway, including systems in Salt Lake City, 
Denver, San Diego, Portland, Baltimore, northern New 
Jersey, Sacramento, Milwaukee, Seattle, and others. 
Wheel squeal in the populated urban areas where these 
systems will be partly or entirely located is a major con
cern in the development and design of the system. In 
some cities, systems have had to be retrofitted with de
vices to control squeal where the original design did not 
anticipate the problem and the severe public reaction to 
the problem. A manual on all aspects of wheel squeal 
would provide invaluable infonnation for rail transit 
agencies. The payoff would be significant and the need is 
immediate. 

Cost: $150,000 
Duration: 1 Yen 

Title: Warning Signal Assessment and Control 

Problem Statement: New rail transit systems across the 
U.S. are creating increasing numbers of at-grade rail-and
roadway intersections. Transit vehicle-mounted warning 
horns and fixed wayside crossing signals are necessary for 
safety but can be a source of annoyance to surrounding 
residents. Compilation of data regarding warning signal 
safety requirements, noise emission levels, and reduced
impact alternatives is needed to assist transit system de
signers and operators. New technologies for effective 
warnings at reduced community noise impact need to be 
ide11tified for development. Currently, warning signal 
exposures are evaluated with respect to the same impact 
criteria as used for line operations--noise sources of con
siderably different character. Review of the suitability of 
these criteria is desired to assure that warning systems are 
appropriately designed. 

Proposed Research: Perform literature review that exam• 
ines warning signal usage requirements/regulations, 
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documented noise impacts, and mitigation strategies at
tempted and their results. Perfonn an attitudinal survey of 
community response to warning signal exposures alorig 
with sound level measurements quantifying the corre
sponding noise exposure. Define possible mitigation 
measures deserving further development. Prepare report 
of findings and recommendations. 

Urgency and Payoff Potential: The tradeoff at issue 
here is between the safety of at-grade roadway crossings 
of transit rail lines and the severe noise impact of a warn
ing device on the surrounding community. Transit plan
ners and designers need as much information as possible 
to make recommendations that ensure proper balance 
between two very important but conflicting objectives. 

Cost: $100,000 
Duration: 12 Months 

Title: Transit Vehicle In-service Noise Emission Levels 

Problem Statement: Rail vehicle noise emissions are 
known to depend strongly upon wheel and rail conditions. 
Vehicle sound levels may increase 10 dB or more with the 
presence of wheel flats or rail corrugations. Most data 
available for transit system design are for vehicles with 
new wheels and trackwork with new rails; thus, noise 
mitigation features-such as noise barriers-that are 
designed based upon these data may be inadequate after a 
period of revenue service operations. Understanding of 
typical in-service vehicle noise emission growth is needed 
to guide the design of noise abatement treatments with a 
margin of safety to assure that noise receptors are ade
quately protected throughout the life of the transit facility. 

Proposed Research: Review the literature to categorize 
rail car types and configurations, and track conditions 
with respect to noise emissions. Define significant main
tenance parameters (e.g., age and time since last wheel 
truing/rail grinding). Design vehicle noise emission test 
sample based upon railcar categories and maintenance 
parameters. Conduct railcar noise emission testing. 

Urgency and Payoff Potential: Tht: mil transit vehicles 
being manufactured for the newer rail systems being built 
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in the U.S. are designed with fairly tight noise specifica
tions. These specifications and new vehicle testing have 
been used in developing the FTA's guidance manual, 
Transit Noise and Vibration Impact Assessment. As the 
newer systems and vehicles age, it is not known how 
much deterioration will occur in their noise profiles. 
Older rail transit technologies have significantly different 
noise characteristics and cannot be used to estimate the 
effect of age on the newer systems. A limited study indi
cates that the FTA manual may result in estimates that are 
1 dBA or more too low. The result may be inadequate 
protection of noise-impncted communities after several 
years of operation of the new rail systems. 

Cost: $150,000 
Duration: 1 year 

Title: Computer Module and Database for Calculat
ing Fixed Guideway Transit Noise 

Problem Statement: FT A has published a manual on 
transit noise impact assessment that is useful in environ
mental impact assessment and preliminary design of rail 
transit systems. However, there is no standard noise 
model for use in the detailed final design of mitigation 
elements such as noise walls. With the advent of the Fed~ 
era! Highway Administration's Traffic Noise Model 
(TNM), the foundation for an accurate overground pre
diction model has been developed. Relatively minor 
changes to the algorithm of TNM would be required to 
allow its use in transit system design while ensuring con
sistency with the FT A guidance. 

Proposed Research: The objective of this research would 
be to: {I) design and develop a computer module for 
computing noise due to guided transit vehicles; and (2) 
develop a reference noise database that, coupled with the 
computer module, can be incorporated into the FHWA 
TNM. 

Cost: $300,000 
Duration: 24 Months 
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OPERATIONS & MAINTENANCE 

WORK GROUP PARTICIPANTS 

Leland D. Smithson, Facilitator 
Bonnie Harper-Lore, Co-Facilitator 

BACKGROUND PAPER 

Frank Lisle 
Bruce Johnson 
Wayne Mccully 

The importance of transportation operations and mainte
nance (O&M) practices is often overlooked, including 
O&M practices which affect, or are affected by, environ
mental issues. Furthermore, the importance of maintain
ing a transportation program that is appropriately protec
tive of human health and the environment is becoming 
more and more critical as public and administration-level 
awareness of waste management and other environmental 
issues continues to increase. As a result, transportation 
O&M program managers must be increasingly informed 
on environmental issues such as regulatory requirements 
and changes, technology innovations, pollution prevention 
and waste minimization concepts, and risk management 
approaches to decision evaluation and implementation. 
Of particular importance regarding legal and regulatory 
constraints on O&M practices are: the Resource Conser
vation and Recovery Act (RCRA); the Emergency Plan
ning and Community Right-to-know Act (EPCRA); the 
Toxic Substances Control Act (TSCA); the Clean Air Act; 
the Clean Water Act; the Safe Drinking Water Act; the 
Pollution Prevention Act; the Federal Insecticide, Fungi
cide and Rodenticide Act (FIFRA); the Hazardous Mate
rials Transportation Act; and, the Occupational Safety and 
Health Act (OSHA). Of equal or more importance are the 
state equivalents to many of these laws/regulations which 
exist and may even be more restrictive than their federal 
counterparts. 

Future research should be developed to help transporta
tion O&M managers more efficiently and effectively deal 
with the numerous regulatory requirements and the very 
significant resource demands associated with being a 
good environmental steward. Such research can have the 
immediate benefit of synthesizing and sharing the differ
ent expertise and lessons learned from the hundreds of 
transportation agencies in the United States as well as 
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other organizations that are confronted with the same or 
similar issues. Additionally, this research could assist in 
the development and implementation of specific new 
improvements in O&M practices and/or materials that 
better address environmental considerations. 

Identifying opportunities to reduce, recycle or eliminate 
potentially harmful byproducts that must later be treated 
and/or disposed of is often the most cost-effective way to 
minimize adverse impacts and future liabilities associated 
with the generation of environmentally hannful wastes. 
Recent research shows that the avoidance of waste gen
eration and discharge not only saves the direct costs of 
disposal and/or remediation, but it can also achieve sub
stantial savings in costs associated with permitting, report
ing, compliance and liability. Where complete elimina
tion of waste is not possible, innovative technologies or 
practices may offer the best means of at least reducing 
environmentally damaging material wastes. 

Recently, numerous success stories have been reported by 
private industry and at government/military facilities 
showing that simple changes such as recycling programs 
or substituting reusable or more environmentally benign 
materials for more hazardous materials can reap signifi
cant long-term savings. This has been shown through the 
use of life-cycle cost evaluation of alternative materials 
and practices that, although they sometimes result in a 
larger up-front investment of resources or reduced effi
ciencies, produce substantial savings over their program 
life when issues such as regulatory compliance and ulti
mate removal and/or disposal considerations are factored 
into the comparative analysis. Life-cycle approaches have 
been used successfully by many transportation agencies to 
decide which capital infrastructure improvements are 
preferable, but application to transportation O&M prac-
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tices and materials has been less comprehensive and con
sistent and represents an area where further research and 
information sharing could provide great benefit. Promis
ing examples include improvements in vegetation 
use/control, beneficial reuse of contaminated materials, 
pavement and/or other structural materials, and substitu
tion for or deletion of the use of chemicals in transporta
tion infrastructure maintenance. 

Currently, the facilities design and personnel train
ing/education components of many transportation O&M 
programs do not properly incorporate regulatory and other 
environmental considerations, often resulting in opera
tional inefficiencies and O&M facilities that quickly be
come functionally obsolete. In the transportation arena, 
O&M personnel lag behind their counterparts in private 
industry and elsewhere in terms of how they implement 
environmental safeguards and how they plan for and deal 
with chemical materials storage, use, disposal and report
ing. This is because these counterparts have invested 
significant time and money into environmental training 
and upgrade programs and have developed many im-

RESEARCH NEEDS ST A TEMENTS 

Title: Analysis and Improvement ofBMP Methodol
ogy 

Problem Statement: Maintenance practices and pro
grams are highly individual even within a single state. At 
the same time, there is a thread of commonality among 
various maintenance units. Also, many environmental 
impacts are acquired by maintenance after a facility is in 
place. Best management practices (BMPs) are current 
innovative practices or combinations of practices that 
utilize technological, economic, and institutional guide
lines or policies to mitigate routine or unusual mainte
nance problems in a manner compatible with environ
mental quality goals. These are used as current 
benchmarks. BMPs have been used successfully with a 
number of maintenance practices or programs that ensure 
they perform as originally designed. Often, BMP per
formances are compromised by failure to devise an effec
tive maintenance practice. Currently, there are no sys
tematic means for sharing these practices. 

Proposed Research; Processes need to be developed to 
continually build upon and improve current BMPs using 
CQI principles. Build upon NCHRP Project 20-5, Topic 
2 8-0 I; this describes the present but not the achievable 
level of maintenance quality: 
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provements in their O&M practices. Greater education of 
transportation O&M managers and facilities planners 
regarding the applicable requirements of RCRA, OSHA, 
EPCRA, the Clean Water Act, etc., would likely produce 
similar savings and improvements. Transportation re
search for this purpose and for the purpose of using syn
thesized experiences and successes to develop prototype 
O&M facilities designs and training/education programs 
cou Id therefore yield significant benefit. 

O&M research could also be extended to include the de
velopment of enhanced tools for field maintenance and 
landscaping. In particular, the mapping capability of GIS 
could be extended to delineating sensitive vegetation ar
eas along highway rights-of-way. This GIS application 
would best be developed with the direct input of field 
personnel. Mapping sensitive areas would help to elimi
nate the inadvertent cutting of a specific vegetation as 
well as help to assess overall maintenance, i.e. cutting 
areas for estimating maintenance schedules and budgets. 
Other application of GIS tools should be explored for 
their application to O&M issues. 

(I) Assemble a list of current BMPs, together with re
quirements for success or reason for failure. 

(2) Assess cost effectiveness for individual BMPs. 

(3) Determine awareness training and education needed 
for implementation of BMPs considering both engi
neering and environment. 

Examples ofBMPs include but are not limited to: 

( 1) Frequencie~ of runoff BMPs and their effect on resul
tant pollutant removal. These are acutely affected by 
maintenance practices that ensure they perform as 
originally designed to establish a database of existing 
highway runoff within a watershed or geographic 
province. 

(2) Street sweepings are typically disposed of in landfills 
as daily cover. Developing a policy to reuse this mate
rial would be both beneficial and cost effective. 

(3) Loss of fine materials from unpaved roads and their 
drainage areas results in pollution from both dust and 
sediment. 
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PRODUCTS: 

(I) A detailed report establishing a current data base for 
current practices and suggestions for periodic updat
ing, and 

(2) A pilot test in 2-3 states in cooperation with the state 
DOT. 

Cost: $150,000 
Duration: 24 months 

Title: Environmental and Safety Impacts of Snow and 
lee Control 

Problem Statement: Annually, approximately $1.5 bil
lion is expended in the United States on ice and snow 
control. One-third of this cost, or approximately $500 
million is expended on materials, primarily salt. Effective 
snow and ice control is a significant expense and major 
problem for states, counties, and cities in the 38 snow belt 
states. Inadequate application of chemicals and abrasives 
can result in loss of mobility, increase in injury, death, 
and property damage from accidents, and a major nega
tive impact on the area's economy. Over-application 
results in needless cost and undesirable effects on air and 
water quality and degrndation of infrastructure and per
sonal property. While anti-icing and deicing chemicals 
have been used in winter maintenance for many years, the 
optimal application rates of these chemicals and materials 
for different weather conditions, temperature, road sur
faces, and desired level of service have never been de
termined in a quantifiable manner. 

Proposed Research: Research should focus on: 1). best 
method practices for determining the most appropriate 
snow and ice control response; 2). existing and potential 
equipment improvements, which include better liquid, dry 
and pre-wetted chemical and material delivery patterning, 
more precisely controlled application rates, GIS/GPS 
adjusted rates related to pavement types, current and fore
casted road conditions with real time friction and tbermal 
readings, and methods for the rapid changing of the 
chemical and abrasive mix being delivered; 3). results of 
state, national and international research, i.e., SHRP and 
FHWA test and evaluations based on snow and ice control 
programs for better storm management practices and 
reducing the need for chemical and material application 
rates; 4). SHRP snow fence research, the Kansas City, 
Missouri airport experience during several years with tall 
native grass and Great Plains shelter belt research for 
reducing mechanical and chemical snow control costs; 
and 5). relationship of winter maintenance to traffic 
safety. Information sources for the study should include a 
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literature search using TR1S and other domestic and inter
national databases. Contractor will evaluate technology 
and assess cost and value received. Technology transfer 
is important to the effective and efficient implementation 
of these research results. Contractor should provide fact 
sheets summarizing the important elements of the research 
and a video of approximately 20 minutes duration ex
plaining tbe results and benefits of improved snow and ice 
control practices. 

Cost: $225,000 
Duration: 18 months 

Title: Environmentally Sensitive Design for Highway 
Facilities 

Problem Statement: Many facilities required in trans
portation operations and maintenance have evolved to the 
present by expansion, modification, and adaptation of 
design and materials common to several years ago. At 
this point most are inefficient with respect to size and 
energy consumption for heating, lighting and ventilation; 
have environmentally unsafe or inadequate capacity for 
storage, treatment, or disposal of recyclable items, sew
age, and other waste; provide inadequate salt storage, 
loading and runoff containment; include aging, difficult to 
inspect underground storage tanks; and lack suitable, 
dedicated storage for solvents, herbicides or potentially 
hazardous materials. 

Proposed Research: Building on TCRP SYNTHESIS 7, 
Transit Maintenance Facility Design, develop typical 
design alternatives for small, medium and large operations 
and maintenance facilities that provide safe, efficient 
work space, vehicle and equipment storage, environmen
tally safe storage and containment systems for spills or 
rinsate from cleaning operations; include reusable, recy
clable and recycled building materials; identify environ
mentally low impact heating, cooling and lighting alter
natives, biological treatment systems for waste water that 
can meet EPA standards; and develop design criteria for 
environmentally safe underground fuel storage and inves
tigate alternative above ground storage or procurement 
from commercial sources. 

Cost: $200,000 
Duration: 12 Months 

Title: Roadside Vegetation Management: Ecologi
cal/Economic Solutious 

Problem Statement: Traditional vegetation mainte
nance methods are often environmentally insensitive, 
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unsafe, and costly. Budget and staff reductions dic
tate reduction of costs and labor spent on vegetation 
maintenance. 

The problem could be solved through ecological 
principles that are environmentally sensitive, safe, 
and less costly, i.e.: 

• 
• 
• 

• 

revegetation with regional native plants; 
reduced mowing that allows natural revegetation; 
ecological management and protection of exist
ing natural remnants; and 
targeted herbicide control plus biocontrols 
(insects or planting natives). 

Proposed Research: 

A. Identify remnant (naturally occurring) grassland 
and forest plant communities in each region (NW, 
CA, SW, Rockies, Midwest, NE, SE, South) that can 
be used as models for our vegetation management 
methods. 

Use these plant community models to develop vege
tation management strategies that meet safety, envi
ronmental, esthetic, and economic maintenance goals. 

I. Reduce cost of vegetation maintenance nationwide. 
2. Cost comparison of ecological and traditional 
~ .... n.f-1....,. ,,I~ 
lll\.,UlVU.l. 

3. Reduce herbicide, fertilizer and irrigation use in 
vegetation management. 
4. Define vegetation strategies at "regional" levels of 
U.S.A. 
5. Detennine native warm and cool season grasses for 
roadside application in each region. 

Cost: $150,000 
Duration: 12 Months 

B. Explore consequences of reduced mowing over 
time (working with natural succession or encroach
ment) in non-operational zones of right-of-way. 
1. Detennine timing of consequences in forested and 
grassland environments i.e. weed invasion, view clo-
sure, 4" caliper trees in clear zone. . 
2. Determine how seldom mowing or alternative 
methods are needed to respect safety needs. 
3. Define what pest species should not be allowed to 
encroach and will be spot sprayed or biocontrolled. 
(information exists) 

Cost: $150,000.00 
Duration: 60 Months 
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C. Analyze existing roadside vegetation to determine 
locations throughout states of existing native vegeta
tion remnants to be protected. 
1. inventory existing vegetation to develop vegetation 
management plans. 
2. compare results of hands-off, reduced mowing, 
spot spraying, burning, and biocontrol methods. 
3. define method best suited to region and plant 
community types. 

Cost: $350,000 
Duration: 36 Months 

Topic: Environmental Protocol Development For 
Product And Waste 

Problem Statement: Public opm1on and perceptions 
regarding th.e protection of the environment now demand 
that sound management practices be incorporated into the 
culture of all levels of state and federal transportation 
departments. The majority of materials transportation 
departments handle contain complex chemical mixtures. 
Environmental data regarding these materials deal almost 
exclusively with the effects of individual chemicals. In 
order to design sound management practices transporta
tion departments must be able to have a reasonable assur
ance that the materials being used and wastes reused 
minimize future environmental impacts and liabilities. 
Protocols do not exist to quickly and inexpensively 
evaluate the relative environmental impacts of these ma
terials. Lacking these protocols long term disposal, recy
cling, reuse options cannot be compared to existing risks 
transportation departments take during normal operations. 
Lacking this risk information environmental and financial 
management decisions are individually developed, costly, 
and the results are highly speculative. 

Proposed Research: 

l. Develop a scientifically defensible, rapid, cost-effective 
biological/chemical protocol that allows environmental 
risk management decisions to be made that limit environ
mental impacts from materials to equal to or less than the 
risks currently accepted by transportation departments. 

Cost: $150,000 
Time: 1 year 

2. Develop an easily operated computer program that uses 
readily obtainable inputs to analyze potential environ
mental risks and places monetary value on these risks 
such that management decisions can be made by transpor
tation departments regarding material usage and/or waste 
disposition. 
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Cost: $150,000 
Duration: 1 year (foJLowing results from #1.) 

3. For standard transportation wastes, develop a computer 
program that will identify areas within the production of 
each waste where pollution prevention/waste minimiza-
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tion strategies can be implemented to reduce waste, recy
cle wastes, or eliminate wastes. 

Cost: $150,000 
Duration: 1 year (concurrent with #2.) 
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SOCIAL & ECONOMIC IMPACTS 

WORK GROUP PARTICIPANTS 

William Black, Facilitator 
Jim Bach, Co-Facilitator 
Michelle DePass 

BACKGROUND PAPER 

Ron Hall 
Lori G. Kennedy 
Brenda C. Kragh 
Chris B. Niles 

The current public policy debate is often dominated by the 
National budget. Every claim upon that budget, including 
those of transportation, must be carefully justified and 
balanced against other competing needs. Recently, pres
sure has come to bear on federal-aid highway funds, and 
the associated eannarked gasoline taxes, as a means for 
alleviating shortages in other areas of the budget or reduc
ing the overall tax burden. Similarly, federal assistance 
for mass transit, rail, air, and shipping has come under 
increasing scrutiny, and in many cases, funding has been 
reduced. In this climate, transportation investments must 
be justified economically, and the benefits of transporta
tion must be made clear to policy-makers and the public. 
Transportation must enhance economic growth while it 
moves people and goods. 

Public pressures lead to other issues associated with the 
environmental effects of transportation facilities. A 
growing concern has been the impact of transportation 
policy on disadvantaged and inner-city communities. 
There is an imbalance in how projects are economically 
and socially justified. These "environmental justice" con
cerns must be effectively addressed in future transporta
tion policy decision-making and facility proposals. Some 
argue that, while the primary beneficiaries of highways 
have been suburban car-owners, their direct impacts have 
impinged mostly on inner-city communities. This type of 
situation has led to the consideration of environmental 
justice as an important component in assessing the im
pacts of federal projects. Others assert that lack of fund
ing for mass transit has denied inner-city residents access 
to jobs that have tended to locate on urban peripheries. 
This is an overall policy consideration that nevertheless 
has implication for environmental justice. 

Arny A. O'Leary 
Harold Peaks 
Greg Rawlings 
Renee Sigel 

Other environmental concerns surround air quality and the 
effects of transportation on land development and the 
environment. The Clean Air Act Amendments of 1990 
have resulted in initiatives creating incentives for employ
ers to reduce dependency on single-occupant motor vehi
cles, as well as encouraging Transportation Demand Man
agement (TDM) strategies aimed at affecting traditional 
transportation behavior and trends. The spread of subur
ban development and its environmental effects have also 
become important public concerns. The connection be
tween transportation facilities and land development is 
intuitively obvious to a public that has become increas
ingly impatient with the deterioration of America's land
scape and environmental resources. 

Transportation professionals are asked to plan for and 
defend transportation. Unfortunately, they often lack the 
analytical tools to comprehensively evaluate and ade
quately explain their proposals, and, as a result, some
times must face public opposition that cannot be effec
tively ameliorated. Each of the major transportation issues 
outlined above, therefore, demand that analytical and 
public interaction tools be developed to effectively ex
plain and defend reasonable proposals. 

Transportation research in the area of social and economic 
impacts must address these concerns. One of the key 
research initiatives has been underway for several years: 
to determine the effect of transportation investment on 
economic expansion. The research consensus to date is 
that transportation investment has a positive influence on 
productivity and economic growth. However, the magni
tude and specific mechanisms of that influence are far 
from clear. Needed now are better data bases and tech-
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niques to allow the identification of more precise quanti
tative relationships between transportation investments 
and economic change at several levels: national, regional, 
metropolitan areas, and local. A clear sequence of cau
sality must be established between development and 
maintenance of transportation facilities on the one hand 
and the creation of jobs and wealth on the other. Predic
tive models are needed that can effectively persuade pol
icy makers of the economic benefits of transportation 
facilities and convince the public as well. 

In the area of environmental justice, research is needed to 
determine how transportation planners can better meet the 
needs of disadvantaged communities while carrying out 
their charges to efficiently move people and goods and 
enhance economic development and productivity. This is 
particularly important given the mandates of Executive 
Order 12898 and EPA's recently published draft docu
ment entitled Guidance for Incorporating Environmental 
Justice in EPA 's NEPA Compliance Analyses. There are 
many examples of transportation facilities which have 
successfully met this challenge. These must be identified, 
and the planning and permitting processes recorded so 
others can benefit from the experiences of successful 
projects. Better techniques are required to allow the iden
tification of cohesive communities in the path of proposed 
transportation facilities. Research is needed to identify 
the most effective mix of mitigation policies when such 
situations are encountered. Transportation planning must 
also effectiveiy address the <leciine of America's urban 
centers. Research must be conducted to determine the 
best and most efficient means to provide transportation 
facilities to disadvantaged communities, so they do not 
fall further into economic isolation and social disintegra
tion. 

The Clean Air Act Amendments of 1990 mandated the 
formulation of Employer Trip Reduction (ETR) Plans and 
Transportation Management Agencies (TMAs) through
out the nation. These measures have been in the process 
of implementation for several years now, and a great deal 
of data concerning the effectiveness of various Transpor
tation Control Measures (TCMs) has been gathered. Re
search is now required to evaluate this data base to de
termine the most effective strategies to increase average 
passenger occupancy (APO). Many employers have de
veloped incentive plans to encourage people to use mass 
transit or car pools. The most successful incentives must 
be identified, along with the circumstances which lead to 
their success. Means must also be found to extend TCMs 
to smaller employers and the general population. 

Air quality improvement is also bound closely with the 
issue of land use-transportation interaction. There is still 
no consensus regarding how transportation facilities influ-
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ence land development. Many hold that transportation 
facilities are built in response to land development, while 
others argue that transportation facilities stimulate devel
opment. The truth lies somewhere between these two 
positions, and varies with local and regional geography. 
Continued research is needed to precisely define the link
age of land use development and transportation facilities. 
Comprehensive case studies and before-and-after studies 
are needed. There have been many excellent anecdotal 
and qualitative studies of this nature, but they do not offer 
the precision that is required. The quantitative studies 
have generally lacked sufficient data resources to be fully 
effective. These data resources must be developed to 
further research this field. The volume of construction of 
transportation facilities in the last four decades has been 
of such magnitude that it is difficult to believe that there is 
insufficient data to fully evaluate some carefully selected 
projects for their impacts on land use development. The 
huge volume of studies that have been conducted in the 
field must be thoroughly evaluated to identify the tech
niques and approaches of most value. Projects suitable 
for before-and-after studies must then be identified, aud 
comprehensive data gathered to conduct definitive analy
ses. lu the meantime, currently planned projects must be 
studied with the intent of formulating the data resources 
required for future before-and-after studies. 

Transportation planners and public officials responsible 
for implementing transportation policies need the tools to 
mun: dfodivcly 1::v11luc1lc lhc i111µ11ds u[ \Ji u_l)u~,:;J pff,j.;.:ts 
and to properly infonn the public of these impacts, both 
positive and negative. Over the years, many research 
studies have been conducted concerning methodologies 
for assessing the economic, land use, and social (i.e., so
cioeconomic) impacts of transportation facilities. Most of 
these methodologies have remained theoretical because 
they have proven to be beyond the data and analytical 
resources available to transportation agencies. With the 
recent rapid advances in computing power and modeling 
capabilities, it should be possible now to develop analyti
cal techniques that can define more precisely the socio
economic effects of transportation facilities. For many 
years, since the passiige of the National Environmental 
Policy Act of 1969 (NEPA), the emphasis in environ
mental studies has been on the biological and physical 
impacts of transportation facilities, while the human im
pacts have often been treated less comprehensively. At 
present, there is increasing interest in socioeconomic im
pacts, and many assert that impacts on humans should be 
studied in as much depth as impacts on plants and ani
mals. ln this regard, research into the development of 
appropriate methodologies and procedures for assessing 
"quality of life" impacts as viewed by the general public 
would serve to enhance public understanding of critical 
socioeconomics issues. 
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Research to develop more effective socioeconomic impact 
assessment techniques should proceed along several paral
lel avenues. First, the analytical techniques that have 
already been developed, but under-utilized, should be 
evaluated with the goal of identifying the most promising 
techniques. These techniques should then be tested on 
transportation project environmental impact assessments. 
Second, data bases must be developed to fit the method
ologies. Major advances have been made in collecting 
and organizing socioeconomic data during the last ten 
years, ranging from remote sensing and Geographic ln
fonnation Systems (GIS) to CD-ROMS and extensive 
U.S. Government data bases of many types. An effort 
should be undertaken to evaluate and collate these data 
bases, identifying those which will be most useful in so
cioeconomic impact assessment. Finally, new socioeco
nomic impact assessment techniques should be developed 
both to cover the gaps in existing knowledge and to take 
advantage of new analytic• ! techniques. 

RESEARCH NEEDS ST A TEMENTS 

Title: Environmental Costs of Deregulation and Pri
vatization in the Transport Sector 

Problem Statement: Two common types of institu
tional arrangements in transportation are deregulation and 
privatization. Deregulation is often seen as a way of in• 
traducing market factors into transport operations by 
eliminating governmental regulations on entry (who may 
provide the transport service), exit (abandonment or ter
mination of the service), and pricing (freedom to change 
fares and tariffs). Privatization in the transport sector is 
usually viewed as a way of providing transport facilities 
or services in the absence of public sector funding. Each 
of these activities generates environmental costs, but they 
are rarely discussed and hardly ever assessed. This pro
posal seeks to establish methods to assess the environ
mental costs generated by deregulation and privatization. 

Deregulation began with the Rail Revitalization and 
Regulatory Reform Act of 1976 for the rail freight sector 
and the decade thnt followed saw the deregulation of air
lines, intercity bus service, and motor carriers. While 
some attention was given to early actions, particularly 
those involving abandonment of service, it is not apparent 
that such activities are assessed any longer. In many cases 
we have seen service withdrawn necessitating longer in
tennodal shipments of goods and longer, more polluting 
motor vehicle drives for passengers. In other cases the 
modal industry has set up service configurations, e.g., the 
hub and spoke system, that have created significant envi
ronmental pollution for hub cities in comparison to any 
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These research initiatives must be accompanied by efforts 
to make the new analytical tools available to under-funded 
public agencies. There must be an emphasis on simplicity 
and transparency of technology, to assist officials who are 
hard-pressed to explain their conclusions to local policy 
makers and members of the public. Also, improved 
techniques for communicating the results to the public 
must be developed. New tools such as multi-media pres
entations are becoming less expensive, less complex, and 
more effective for presenting infonnntion to the public. 
These types of tools must be adapted to the needs of 
transportation officials and agencies. Although a model 
or other methodology might be successfully developed to 
provide unerringly accurate results, if transportation plan
ners cannot explain it to the public, the original research 
might as well have not been undertaken. 

nonnal air traffic these places would have generated in the 
absence of a hub. Looking at the air passenger industry, 
their hub and spoke system generates significant costs for 
consumers and could generate excessive environmental 
costs in comparison to other systems of service, i.e., 
minimizing environmental costs is not their objective. 
Similar problems may exist for other modal sectors as 
well. 

Privatization of the transport service sector should not 
generate more environmental damage than public sector 
provision. However, we are uncertain if low use of a 
facility, such as a toll road, would result in operators low
ering tolls to generate higher income and as a result addi
tional travel and related impacts. There also seem to be 
some questions as to the level of environmental overview 
that states have over privatization types of projects. 

Proposed Research: The proposed research would 
examine all of the major deregulation sectors (rail, air
lines, motor carriers, and intercity buses) and assess the 
environmental costs of deregulation that have occurred to 
date. This would be a retrospective study that would look 
at the environmental costs of service in 1974 (using cur
rent dollars) in comparison to the cost of using replace
ment modes since termination of the former service. To 
this end the researchers should identify the rail aban
doned, airline services withdrawn, motor carrier routes 
canceled and intercity bus service curtailed or abandoned, 
and assuming the same traffic level that existed in 1974 
compare the environmental costs generated by substitute 
service provided by other modes (e.g., rail to motor car-
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rier, intercity bus to private auto, and so forth). The re
search should also estimate the costs of a shift in the way 
service is provided if these appear to generate additionaJ 
environmental costs, e.g., the shift from conventional 
intercity airline service to a hub and spoke system. The 
research should generate statistics on changes in these 
environmental costs and estimate losses to date. This 
research should also identify methods for states to use in 
making this type of environmental assessments for future 
deregulation projects. 

Research on the environmental costs of privatization 
should begin with a comprehensive assessment of the 
extent to which privatized services are mouitored by the 
states during the life of these projects including all aspects 
of route identification and planning to reconstruction. 
What practices are followed by the states? Are these gov
erned by state law or regulation? Compile examples of 
best cases from an environmental perspective. Do proce
dures exist for identifying the environmental costs of 
lower fares or tolls in tenns of increased traffic, conges
tion and induced travel? Inventory methods used to iden
tify these impacts by the states, or if such methods do not 
exist, design a procedure to make such assessments and 
illustrate its use. 

Cost: $600,000 
Duration: 36 months 

Title: Identifying Community Cohesion for Transpor
tation Decision-making 

Problem Statement: Consideration of proposed 
transportation projects and programs impacts on com
munity cohesion has been required since the Federal-Aid 
Highway Act of 1970. With the renewed emphasis on 
social considerations, the lack of resources, and the em
phasis on "letting date" deadlines driving State DOT's, 
there is a need to (1) help determine the existence of and 
(2) degrees of cohesion in a variety of community set
tings. 

Because "significant" social impacts can drive the envi
ronmental documentation process, tools to help expedite 
such detenninations are needed. Because community 
cohesion is a key element within FHWA's 23 USC 109(h) 
requirements and the transportation planning community 
has limited staff with social science training, a tool to at 
least identify, if not assess impact on community cohesion 
is needed. 

Public involvement has been used as an indicator of 
community cohesion; however, it often motivates indi
viduals with a vested interest in project specifics to par-
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ticipate. Groups of such individuals may not, in fact, 
accurately indicate the cohesiveness of the community. 
An objective tool is needed. 

Proposed Research: Examine working definitions 
of community cohesion currently used by state DOT's, 
MPO's, and other relevant organizations. Develop a 
quantitative definition of community cohesiveness using 
statistical methods. One possible approach would be to 
identify some classical cases of cohesive communities and 
nou-cohesive communities. Researchers could then use 
data available from the U.S. census (e.g., age of popula
tion, or housing, vacant housing units, income, and so 
forth) in a multivariate statistical technique such as dis
criminant analysis to translate these perceived groups into 
statistically different classes and identify mathematical 
rules for such assignments. Further analysis could reveal 
whether there are regional variations in "community co
hesion." 

In addition to the above and perhaps as a prelude to it, the 
researcher should identify similarities in definitions for 
varying types of communities; i.e., urban/rural, develop
ing/declining, transient/stable, and new/established. De
velop a list of "cohesion" indicators based on secondary 
data, and determine a priority of "best indicators." Apply 
the list across a matrix of community types. Test the accu
racy/repeatability of the resulting indicator(s) of the find
ings on communities of known cohesiveness, identifying 
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practical recommendations and conclusions on the use of 
the research tool within a context of the limited time, 
staff, and other resource constraints of MPO's and State 
DOT's. 

Cost: $300,000 
Duration: 2 years 

Title: Establishment of a Framework for Assessing 
Trade-om of Physical and Human Tm pacts on 
Transport Projects 

Problem Statement: Transportation officials, envi
ronmentalists, and interested. citizens rt:cognize the need 
to have an effective transportation system for the move
ment of people and goods. With each project, however, 
comes the need to detennine the extent of beneficial and 
negative impacts of the proposal on the natural environ
ment and community before it is ultimately adopted 
and/or constructed. The decision to implement a project 
often results in a choice or trade-off between impacting 
natural resources (e.g., wetlands, endangered species 
habitat, or woodlands) or community and human re
sources (e.g., residential patterns, cohesion, or access). 
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Many practitioners and public officials however realize 
that they need infonnation in an analytical format that will 
allow for the measurement, identification, and comparison 
of impacts of a transportation proposal. Often the deci
sion to proceed with a project will require a choice of 
whether the human or natural environment is impacted. 
The rationale for selection may ultimately be political, 
however, it should be based on an analytical package of 
infonnation giving sufficient attention to both physical 
and human impacts. The decision maker needs to be able 
to confidently address the basis for impacting one seg
ment of the community over another. In most cases, the 
selection tends to favor the avoidance of the natural envi
ronment at the expense of the human community due in 
large part to the existence of numerous laws, regulations 
and guidance documents which provide protection for the 
natural environment. The need for an analytical frame
work that better balances our treatment of physical and 
human impacts is evident. However, presently the neces
sary tools and infonnation do not exist. 

Proposed Research: The research will involve an inves
tigation of current measurement tools available for assess
ing transportation project impacts. The study will involve 
the collection of infonnation from each state, or a repre
sentative sample of states, which will provide the basis for 
the identification of useful measurement tools and case 
studies to be utiliz.ed as examples for practitioners. These 
tools will be developed and refined sufficiently for appli
cability to various types of modal choices that impact both 
the physical and human environment. The research effort 
will identify important stakeholders and partners who may 
be involved in either or both the natural and human side 
of transportation impacts. The latter could include inter
governmental partnersh ips for further impact identifica
tion and verification. A framework to investigate life 
cycle analysis as a strategy for physical and human impact 
assessment will be developed to detennine its relative 
value as a measurement tool in assessing these trade-offs. 
Potential data collection techniques to be used include, 
but are not limited to: literature review, identification and 
interview of community groups, regulatory agencies, re
source agencies, and state and local transportation offi
cials. Deliverables include: a study report (with an ex
ecutive summary), a listing of recommended 
measurement tools that allow an identification and as
sessment of the tradeoffs between the physical and human 
environment. 

Cost: $350,000 
Duration: 24 months 

Title: Methods and Techniques for Identifying and 
Measuring Disparate Impacts From Transport 
and Related Case Law History 
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Problem Statement: Minority and low income commu
nities have suffered the environmental burdens of regional 
transportation development, local transportation systems, 
and transportation infrastructure. Examples include loca
tion of noxious facilities (diesel bus depot clustering), 
routing of toxic materials, highway development that 
broadens regional scope yet destroys the cohesion of a 
community, decrease in operating subsidies and rider
share, and lack of access to ITansportation modes. Recent 
applications of Title VI, NEPA, Unifonn Act of 1970, 
!STEA, and Executive Order 12898, highlight the lack of 
understanding and training in methods and techniques to 
identify and measure disproportionately high and adverse 
impacts (disparate impacts) resulting from transportation 
projects. There is also a lack of understanding case law 
history of Title VI and its boundaries. Specifically, since 
the passage of ISTEA and the signing of Execut ive Order 
12898, state DOTs have expressed concerns over the lack 
of national guidance in effective public involvement 
methods and evaluation and mitigation of environmental 
justice community impacts. 

Proposed Research: The proposed research includes: (1) 
Case law review of disparate impact issues in environ
mental and transportation related projects, (2) Survey of 
public agencies, private agencies, and grass root organi
zations to identify environmental justice issues in the 
transportation sector, (3) Survey of best use practices of 
methods and techniques used to identify disparate impacts 
in transportation projects, ( 4) Identification of mitigation 
strategies to avoid and minimize discriminatory commu
nity impacts, and (5) Identification of training needs at the 
national, state and local levels to comply with Executive 
Order 12898 and related existing federal laws. 

Cost: $400,000 
Duration: 14 months 

Title: Jdentification of Methods and Techniques to 
Assess the Social and Economic Impacts of 
Transportation Projects 

Problem Statement: In the past, the consequences 
of transportation investments on communities have often 
been ignored, minimally addressed, or introduced near the 
end of a planning process, reducing them to reactive con
siderations at best. This lack of adequate assessment has 
occurred despite long-standing requirements that agencies 
like FHW A. conduct social and economic analyses of their 
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programs and projects. Title VI of the Civil Rights Act of 
1964 and the Federal Aid Highway Act of 1970 (see 23 
USC 109h) provide the basis upon which these types of 
impact assessments are done. In 1991, ISTEA further 
emphasized the need to address social and economic is
sues in planning phases as well as during project devel
opment. In 1994, EO 12898 further elevated the emphasis 
on assessing impacts on communities. 

Recently, FHWA in conjunction with state and local 
transportation officials, prepared a Community Impact 
Assessment process which parallels FHWA 's NEPA 
process. It identifies four important reasons for assessing 
the social and economic impacts of transportation proj
ects. First, the assessment of community impacts supports 
sustainable livable communities; it promotes community 
values and thriving neighborhoods; and it contributes to 
general well-being. Second, the assessment of social and 
economic impacts helps ensure that transportation policies 
and investments embrace the concerns of neighborhoods 
and communities which leads to better decisions and 
greater acceptance of projects. Third, social and eco
nomic impact assessment helps coordinate and integrate 
independent plans for land use, local economies, and 
transportation to achieve common goals. Fourth, the as
sessment ensures that we must fulfill our obligation to 
achieve environmental justice through practices and pro
cedures which do not discriminate. 
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that will aid practitioners in assessing the social and eco
nomic impacts of transportation projects. In these days of 
limited resources, practitioners are in need of methodolo
gies and tools to efficiently address the rising emphasis on 
social and economic impacts. 

Proposed Research: The proposed research would be 
undertaken in two phases. Phase 1 would include a litera
ture search and review of current research in the area of 
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social and economic impact assessment. An annotated 
bibliography should be prepared of the available national 
and international literature. Simultaneously, a survey of 
State DOT's, MPO's, Federal-lands, and similar agencies 
would be undertaken to detennine current methods and 
tools employed to assess the social and economic impacts 
of transportation projects and programs. Also identified 
during the survey should be the sources of infonnation 
used (i.e. primary or secondary) in the analysis as well as 
who is responsible for collecting the infonnation (i.e. 
consultants, staff, etc.). This infonnation will be useful in 
assessing the efficiency and cost of data collection efforts 
for the various methods. The survey also should collect 
information on mitigation measures employed by the 
respondents to address social and economic impacts. 

The literature and survey results will be used to identify 
key groups of best practices for social and economic im
pact studies. The impact assessment methods should be 
identified as appropriate for planning studies and/or de
tailed projects studies. Consideration should be given to 
identifying various methods dependent on project or pro
gram needs and the labor and cost intensity of the data 
collection needed for the assessment efforts. A series of 
case studies that utilize the best practices and too ls identi
fied from the survey and literature should be established. 
The case studies should cover a range of planning studies 
and project studies in various settings. 

Phusc Il cf the project \\·cu1d u~e the finding~ cf Phaee ! to 
identify recognizable gaps in the tools and methods avail
able for impact assessment. A work plan would then be 
prepared outlining how to develop the methods, tools and 
techniques needed to fill these gaps. This work plan 
would then be used to develop the approach to Phase II of 
the research. 

Cost: $450,000 
Duration: 28 - 48 Months 
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WATER QUALITY & HYDROLOGY 

WORK GROUP PARTICIPANTS 

Ken Young, Facilitator 
Vincent Palumbo, Co-Facilitator 
Fred Bank 

BACKGROUND PAPER 

Pat Cazenas 
Carol Cutshall 
Gregory E. Granato 
Balu Iyer 

Federal regulations on the one hand and decentraliza
tion/downsizing on the other have generated a collection 
of monitoring data, research results, and experience that 
has no central repository. The number one research need 
in water quality is to find an electronic home for this in
formation easily accessible to all interested and regulated 
transportation professionals dealing with water quality. 
The second most pressing research need is the develop
ment of protocols that focus resources and concerns on 
the process and effects that have importance in the overall 
environmental management context. What methods do 
we use? How much monitoring should we conduct? How 
do we spend our scarce budgets and staff resources in 
order to be responsive to environmental protection and 
preservation? 

Earlier generations of water quality research broadly 
identified these environmental concerns and began to 
quantify our technical understanding of some issues. 
These works looked for simplifications that were opera
tional such as not having to be concerned if the ADT was 
less than 30,000 vehicles per day. The upcoming genera
tion of research must focus more specifically on quantita
tively assessing impacts and place them within a frame
work and perspective that meets the future, more detailed, 
needs of transportation planning. Research must be con
ducted to advance scientific knowledge in a way that will 
help our front-line practitioners as well as shape a policy 
that satisfies the demands of a changing regulatory envi
ronment and supports our national directive to integrate 
environmental responsibility and economic growth. 

To achieve this, research that anticipates future issues 
arising from the new approaches being adopted by regula
tory agencies that implement the intent of federal, state, 
and local environmental legislation should be advanced. 
As transportation officials must demonstrate compliance 

Howard Jongedyk 
Gregory Prendergast 
Joel Salter 
Beverly Storey 

with federal and state permit requirements for transporta
tion actions that affect surface water quality, groundwater 
quality, flooding, and streambank/shoreline erosion, they 
need to participate in the evaluation of these new regula
tory approaches. The emerging regulatory methodologies 
for assessing these topics are based upon watershed and 
ecosystem management approaches. 

The President's Clean Water Initiative presents the Ad
ministration's position regarding reauthorization of the 
Clean Water Act and makes specific recommendations 
with regard to watershed management, particularly with 
respect to the development of state programs. Similarly, 
the Interagency Ecosystem Management Task Force has 
developed a strategy for implementing ecosystem man
agement which integrates ecological, economic, and so
cial factors to simultaneously promote healthy ecosystems 
and sustainable economies. The USEPA predicts that 
there will be an exponential increase in the number of 
federal, state, and local organizations managing water 
resources on a watershed/ecosystem basis by 1999. 

Many states and several NCHRP and FHWA administra
tive contracts currently support projects that are assessing 
surface water quality, groundwater quality, flooding, and 
stream bank/shoreline erosion within a water
shed/ecosystem framework. Upcoming research must 
respond to this trend by developing guidelines for consid
eration of transportation environmental issues within these 
new frameworks. And, with this in mind, research must 
bridge a growing gap between the existing science and 
technology database and regulatory demands-this gap can 
be narrowed with current information technology. Prac
ticing transportation environmental managers, scientists, 
and engineers identify and better understand the expecta
tions and requirements of federal and state regulators 
within their jurisdictions which may vary from one region 
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of the country to another. To assist state DOTs in prepar
ing environmental documents, guidance manuals are 
needed that specify overall and unique regulatory con
cerns and requirements and how to marshal and apply our 
resources. 

The fate and transport of a pollutant from its point or non
point source has long been a challenge to environmental 
scientists. Research is needed to develop guidance 
manuals on the application of existing fate/transport 
models to transportation-specific issues and to develop 
new models that address processes that are unique to par
ticular transportation-related conditions. lt is very critical 
that research needs to be directed on monitoring and 
modeling the fate and transport of transportation-related 
runoff and air-induced emissions with respect to water 
quality impacts. The modeling needs to expand upon the 
existing database of wet weather processes and stormwa
ter runoff. The need to more accurately assess the im
pacts of stormwater runoff is particularly relevant and 
important to the concerns of transportation officials in 
view of court decisions whereby a state DOT was found 
in violation of the Clean Water Act for failing to control 
highway stonnwater runoff. In addition, some states are 
now requiring assessments of the contribution of highway 
stonnwater runoff to municipal separate stormwater sys
tems for the purposes of obtaining National Pollutant 
Discharge Elimination System (NPDES) stormwater 
permits. 

Important decisions regarding the future of individual 
transportation projects and overall transportation policy 
are based upon the interpretation of issues such as the 
actual consequences to water resources of a calculation 
that 50 tons per year of eroded soil originates from a 
transportation construction site. Or, how is this quantity 
related to impacts to receiving water turbidity per storm 
event? Similarly, what are the actual impacts to aquatic 
life of a runoff event mass loading of two pounds of total 
zinc? How is this quantity related to water quality criteria 
(now expressed as dissolved metal), biota tolerances, and 
physio-chemical reactions each of which are measured in 
terms of concentrations? Research is needed to produce 
operational guidance manuals for how to interpret data 
with respect to long-term and short-term impacts, includ
ing an evaluation of the limits of methodologies and the 
conclusions that can be drawn from them. 

The likely increase in the use of alternative fuels, vehicle 
redesigns, and changes in manufactured materials makes 
it imperative to examine both the runoff and emissions 
characteristics of future vehicle use. In addition, with the 
greater utilization of rail systems and mass transit forecast 
for the future, research is needed on the stonnwater runoff 
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characteristics of these modes of transportation. To date, 
the research on runoff has concentrated on roadways. 

The range of environmental impacts of transportation 
systems on water quality and hydrology is wide. There 
are direct and indirect effects from construction activities, 
systems operation, and the means employed to manage 
unavoidable impacts. Construction activities disturb sur
face soils and in-stream sediments. Watershed hydrology 
may be altered by channel relocation or the placement of 
obstructions to flow. Pollutants in surface runoff from 
facilities during operation are delivered to surface waters 
and infiltrate to groundwater. In addition, pollutants in air 
emissions are delivered to surface waterbodies and affect 
water quality. Best management practices to minimize 
impacts may or may not be successful. Which process 
and what activities are "hot spots" that need to be ad
dressed? 

Research regarding the means employed to m1mm1ze 
transportation-related impacts needs to be expanded. 
Transportation-related projects often have technological 
and fmancial constraints that require innovative solutions 
to mitigate predicted impacts. Transportation officials 
need access to an up-to-date assessment of the perform
ance, constraints, and costs of implementing best man
agement practices (BMPs) to make informed decisions. 
Many DOTs have indicated that they do not need more 
characterization studies, that they, in fact, prefer guidance 
on how to deal with known prohlems, how to apply 
BMPs, what studies actually pay off, etc. 

BMP manuals to assist state DOTs in design of mitigation 
plans that are both technically feasible within their regions 
and acceptable to regulators are needed. As with the im
pacts themselves, BMPs that include structural, non
structural, and bioengineered practices must be placed 
within the water watershed/ecosystem management con
text. The application of ecological restoration techniques 
as a means to mitigate impacts on a site-specific and wa
tershed/ecosystem level should be reviewed as well. With 
respect to both BMPs and ecological restoration, reviews 
should consider cost-effectiveness with a sensitivity to 
future economic trends and developments. 

Although not as pressing, research efforts also need to 
continue to focus on more accurately characterizing and 
quantifying transportation related runoff produced under 
varied conditions. For example, the current methodology 
assessing highway runoff often cannot accommodate re
quests and requirements of regulatory agencies and envi
ronmental reviewers. It is not sensitive to differences 
among proposed alternative alignments that are similar, 
nor is it sensitive to differences between alternative sec
tion types. And, while the current method can provide a 
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general impact assessment of newly constructed highway 
projects, it is not sensitive to highway widening projects. 
Pollutant loadings from transportation-related runoff need 

RESEARCH NEEDS STATEMENTS 

Title: System to Facilitate lnformAtion Exchange 

Problem Statement: Water-quality is an impo1tant 
~d expensive concern for Federal, State and Local agen
cies, and organizations with a stake in highway planning, 
construction, and maintenance. Although many studies 
have been done to address water quality issues over the 
last 15-20 years, the information and data generated are 
often hard to find or impossible to obtain. Nationally, the 
costs for duplication of effort are a significant portion of 
the money spent on investigating and addressing water
quality problems. A readily accessible archive of infor
mation and key data sets including research results on the 
water-quality of highway-stormwater, best management 
practice (BMP) design and effectiveness, and related 
issues will provide necessary information and sources of 
data and expertise. The National Pollution Discharge 
Elimination System (NPDES) stormwater regulations 
cause highway departments to manage the sources and 
impacts of contamination from highway stormwater run
off. Therefore, water quality monitoring information and 
key data sets are being collected across the country by 
State DOTs, municipalities, and other public and private 
entities to comply with the NPDES and other regulations. 
Information on resulting beneficial use impairments of 
receiving waters would be of great value to researchers 
and all who must comply with regulations so that they 
may build on existing knowledge rather than repeating 
efforts when trying to protect water quality and beneficial 
uses. Currently, no effort is underway to assemble infor
mation and key data sets into a national database. A re
search vacuum exists. The NPDES program has led to a 
variety of BMPs for use in highway situations. Informa
tion available on BMP use, effectiveness, cost, and main
tenance requirements would be a valuable characteristic 
of a national database. 

A database accessible on, for example, the World Wide 
Web, would pennit regional and national studies to be 
coordinated and would provide investigators with easy 
access to information outside their state or municipal 
boundaries. Information on stormwater management 
effectiveness and key data sets from monitoring efforts 
could be shared to reduce the costs. Development of a 
structure and a method to administer information and key 
data sets would facilitate discussion and research to im
prove data collection methods, interpretation techniques 
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to be studied in greater detail. In particular, the contribu
ti_on of deicing chemicals used on streets, highways, and 
auports must be investigated. 

while unifying quality control measures, protocols, and 
formats for data collected. Currently there are no national 
~ormats established for information exchange on informa
tion and key data sets generated by the highway water
research community. Standard formats are required for 
documents, graphics and data that are portable. 

Urgency: Improved information exchange is critical to 
sav_e_ m~ney on highway related water quality studies by 
fac1htatmg more informed decisions, by keeping projects 
on schedule, and by eliminating duplication of effort. 

Proposed Research: Develop and populate a computer
ized stormwater database to reduce the cost burden of 
complying with NPDES stormwater regulations, improve 
the cost/BMP effectiveness of non-point source pollution 
control, and to help address the issues of adverse impair
ments to receiving water. This objective can be met 
through a phased approach as follows: 

Phase l. Feasibility Study ($100,000, 6 months). Poll 
selected participants including those on the NCHRP panel 
regarding needs for information and key data sets and 
the state of the data sources known to them. Design the 
structure of the database including how diverse informa
tion and key data sets are to be entered into the system. 
?enerate a detailed Plan of Action to acquire national 
mput concerning the information and key data sets to 
enter it into the database, and to maintain the systeU: as 
well keeping information and key data sets current once 
the system is established. The contractor will evaluate the 
most effective method of hosting the World Wide Web 
site. The contractor wHI evaluate the most effective 
method for user communications and for acceptance of 
information and key data sets from donors and will de
velop/adopt national formats for information exchange for 
reports, data, and graphics that are compatible with dif
fere~t computer platforms and software on different op
erating systems, and that do not require large computer 
storage resources. Phase I should also generate a standard 
shell and accompanying documents to facilitate creation 
of homepages by State Highway Administrations to fur
ther facilitate information transfer through a distributed 
system. The contractor will assess funding mechanisms to 
perpetuate the World Wide Web database beyond the 
conclusion of this project. 
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Phase II. Implement the Plan of Action ($350,000, 30 
months). A. Develop software to include input of 
information and key data sets and management, and re
trieval capabilities via the Internet (World Wide Web) (6 
months). First, state DOTs are to be queried about the 
water-quality of highway-runoff information and key 
data sets that would be of greatest benefit to their envi
ronmental activities. The information and key data sets 
will then be evaluated for appropriateness and a list of 
information and key data sets to populate this database 
will be developed. Results of research, electronic copies 
of reports and graphics as well as the availability and 
formats of electronic data will be included. The project 
should also include the formation of specifications for 
different types of data to be added to the database through 
time. As a minimum, the database is to include highway 
runoff monitoring information and key data sets, BMP 
efficiencies, land use information upstream of monitored 
facilities, as well as their effectiveness, cost, maintenance, 
and space requirements. After the types of info1mation 
and key data sets are fmalized, information input, man
agement and retrieval capabilities are to be developed. 
These capabilities are to include information input rou
tines, query algorithms, and other information manage
ment capabilities. A prominent feature of the retrieval 
outputs will be a "disclaimer" to remove any liabilities of 
the system developers and those who input information 
into the system. 

ll. A $,e.ombl,;,,, thP inf'l'rm~tinn ~nrl \,,s:-y rl'!::tt~ c::etC! fyr.m m'.=lny 

different sources, including state DOTs, and enter the 
information and key data sets into the database (15 
months; start 3 months after initiation of 11.A). An exten
sive literature search is to be conducted as well as a de
tailed survey of state highway practitioners focusing on 
collecting the information and data in electronic format, if 
possible. After the information and key data sets are col
lected, they are to be evaluated and controlled for quality 
(adequacy, accuracy, and consistency). The information 
and key data sets which pass the quality control checks 
are to be entered into the database. A page with links to 
other relevant information sources including information 
currently provided by FHWA, EPA, USGS, TRB, 
NCHRP, CTE, and State Highway Agencies will be cre
ated. 

Cost: $450,000 
Duration: 36 months 

Title: Method to Assess Effects of Highway Runoff on 
Aquatic Life and Receiving Waters 

Problem Statement: Studies of highway and urban run
off have traditionally been driven by regulatory require-
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ments relating to constituents and concentrations present 
in runoff. Indirect, delayed or synergistic effects are not 
fully studied and there remain uncertainties about the 
nature of short and long-term effects of highway runoff 
on surface and groundwater environments. Uncertainties 
can be costly because mitigation is typically required 
based upon TSS reductions rather than real impacts to 
local waters and ecosystems. While there are data about 
BMP effectiveness, the bulk of literature does not address 
standardized processes for removal, storage, fate, and 
impact of contaminants in the ecosystems. A practical 
operational method to evaluate and prioritize highway 
runoff and its affects on aquatic life needs to be examined 
in light of: (I) the physicochemical properties of the run
off and receiving water such as temperature, ionic 
strength, oxidation state, TSS, and pH- factors that de
termine the solubility and phase specificity, (2) the proc
esses for entrainment, transport, and distribution of con
taminants into ecosystems, or (3) the toxicological effect 
of highway contaminants in waters with different charac
teristics. Are any of these items likely to lead to an opera
tional method to characterize impacts that highway 
practitioners can utilize without fear of controversy? 
Given a better understanding there is a need to develop 
decision protocols for effects based upon the local water 
quality, source, treatment, and ecology. 

Urgency: The range of study costs and of alternative 
methods to deal with operationally predicting the effects 
nfh1gh,u~y rnn"ffup"" o;iqn~t1r rPrPlu~ng Pn"irnnmP.11tCi? le 

extensive. Decision makers are often perplexed and many 
opt for high cost studies when more modest efforts would 
suffice. It is urgent to generate reasonable protocols to 
make studies of runoff effects. 

Proposed Research: (A) Establish an operational meth
odology for the analysis of impacts resulting from high
way runoff to stream fauTia, as well as the downstream 
extent of these impacts, including aquatic invertebrate and 
fish species, and their population dynamics based upon 
the physicochemical properties, process oriented research, 
and accepted toxicological methods. (B) identify the 
known short-term and long-term water quality effects of 
highway and transportation facility mnoff on receiving 
water quality. These include chemical characteristics, 
flora and fauna population characteristics, species diver
sity, and toxicity (acute and chronic) in the tissues of key 
organisms in the respective ecosystems. Both surface 
water and groundwater and downstream surface water 
environments will be considered. The most wide-spread 
or detrimental characteristics of the highway runoff 
should be identified for field monitoring. (C) Conduct 
field monitoring at selected receiving water sites to fine 
tune impact protocols using modern analysis and field 
sampling methods. (D) Develop a prioritization method 
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to detennine the probable significance of concentrations 
of pollutants in highway runoff that would affect receiv
ing waters. This method would be used as a tool to direct 
efforts to mitigate water quality impacts using the most 
appropriate level of technology. 

Cost: $450,000 
Duration: 36 months 

Title: Cost and Effectiveness of Stormwater Man
agement Practices 

Problem Statement: Federal, State and local regulations 
are driving the implementation of various best manage
ment practices (BMP' s)--such as oil/grit separators, 
vegetated swales, detention ponds, infiltration trenches 
and basins, sand filters, and other technologies--to control 
stormwater runoff from highway drainage systems. To 
determine the overall cost effectiveness, each BMP needs 
to be evaluated in terms of short and long term costs, 
ability to sustain pollutant removal efficiencies, and long
tenn maintenance requirements. 

Urgency: The need for a cost/benefit approach to define 
solutions that are economically and technically feasible 
and practicable for stormwater management is critical 
because regulatory requirements are growing more com
plex and more extensive while budgets for compliance are 
staying level, or are declining in real dollars. 

Proposed Research: A project examining the cost and 
effectiveness of stonnwater management practices will 
include development of a guidance document which pres
ents specific cost/benefit data for each stormwater man
agement option by evaluating: 

• Typical cost factors associated with design, right-of
way purchase and construction; 

• Pollutant removal efficiencies; and 
• Routine maintenance procedures to maintain effec

tiveness such as regrading, revegetation, inlet/outlet 
renovation and sediment removal. 

Cost: $300K 
Duration: 18 months 

Title: Guidance for Prioritizing Selection of Water 
Quality Jmpairment Mitigation Measures 

Problem Statement: Highway agencies have limited 
resources for the construction and maintenance of mitiga
tion facilities. It is imperative that the funds available for 

77 

water quality pollution prevention be allocated to achieve 
the best cost benefit possible. Recognizing that there are 
specific highway uses and maintenance activities that 
have more significant impacts on receiving waters than 
others, there is a need for guidance that helps highway 
department officials weigh the mitigation options. This 
project will provide highway planners and designers with 
a sound scientific strategy for prioritizing selection of 
water quality impainnent mitigation measures. 

Urgency: Evaluation of the causes of environmental con
cerns emanating from highway construction and opera
tions must deal with what is significant and what is not. 
Certain activities are clearly benign, others are not. A 
strategy to make early identification of critical concerns is 
needed to direct resources and to provide justification for 
lower priority to be assigned to items of negligible water 
quality and watershed impacts. 

Proposed ReseArch: The objective of this research is to 
develop a guidance document that: 

• Provides a strategy for evaluating the relative impact 
of the highway land use and maintenance activity in a 
watershed, particularly with respect to any sensitive 
environmental resources; 

• Identifies contaminants of concern; 
• Provides a strategy for prioritizing the actJv1t1es 

within the highway land use with respect to the larger 
picture of the watershed; 

• Identifies the costs and benefits of the various meth
ods for mitigation; and 

• Identifies associated monitoring requirements for 
each mitigation option. 

Cost: $200,000 
Duration: 18 months 

Title: Impacts of Air Emissions on Highway Runoff 

Problem Statement: Highway agencies are required 
under NEPA and for NPDES pennits to identify the im
pacts of highway runoff on receiving waters. One of the 
factors affecting water-quality pollutant loading is non
transportation related air emissions. Air emission 
"fallout" or deposition is not considered part of the back
ground level of contamination, but instead becomes the 
treatment responsibility of highway agencies and, for 
local roads, municipalities. For example, an industry may 
emit significant quantities of particulate matter from its 
smokestacks, but the material falls on the highway or 
other impermeable surfaces that drain to the highway 
stonn sewer system, these materials become part of the 
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highway water quality problem. Also, some air quality 
problems, such as acid deposition may exacerbate the 
highway pollutant runoff problem by lowering the pH of 
rainwater and causing a release of metals that previously 
were in an immobile form. Highway agencies recognize 
that vehicles are one source of contamination in highway 
runoff, but not the only source. Agencies need better 
scientific infonnation on their relative responsibility so 
that they can negotiate equitable cost sharing agreements 
with municipalities for Best Management Practices. 

Urgency: Under the Clean Water Act (CWA), all mu
nicipalities larger than 100,000 and the state highway 
storm sewer systems within these municipalities are sub
ject to NPDES storm water permit regulations. Highway 
agencies may be spending far more than their fair share of 
costs for installing BMPs and need this data as a negotiat
ing tool in cost sharing agreements. 

Proposed Research: Using existing air and water quality 
data and models to the extent possible, detennine the 
relative effects of atmospheric deposition and mobile 
source contributions to the quality of highway runoff in 
up to ten municipalities with populations greater than 
100,000. 

Cost: $150,000 
Duration: 18 months 

Title: Compost/Biosolids for Storm water Runoff Man
agement and Vegetation Enhancement and Asso
ciated Water Quality Impacts 

Problem Statement: Recycling legislation has compelled 
transportation agencies to re-evaluate the disposal of 
right-of-way clearing operations and incorporate recycled 
materials into roadside development. The use of com
posted yard waste and biosolids will reduce the amount of 
organic waste being placed in landfills, burned, or other
wise disposed of. 

Through a combination of filtration, biological, and hy
draulic processes, compost/biosolids can be used as: 

• stonnwater runoff filtration devices to remove pollut
ants; 

• erosion and sediment control measures; and 
• soil amendments to foster vegetation establishment, 

in particular, vegetative filter strips and drainage 
swales. 

Urgency: The need to dispose of biosolids and com
posted sludge is a significant public works problem. By 
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the same token application of the materials immediately 
stabilizes soil areas subject to erosion and promotes rapid 
vegetation which provides longer tenn stability. The joint 
consideration of highway and public waste water ageucy 
needs stimulates this project. This process may provide a 
source of revenue stream to highway agencies from sew
age authorities. 

Proposed Research: Evaluate the cost benefits, construc
tability, and effectiveness of using compost and biosolids 
in highway applications for erosion and sediment control, 
filtering devices to enhance water quality and as a soil 
amendment for vegetation establishment. 

There presently exist various mixtures of materials labeled 
as compost. This study will evaluate mature, stable com
post and establish specifications for the material and its 
use in each of the following three outlined areas of study. 

First, conduct a literature review and field studies to 
evaluate the relative success of using composted materials 
as an alternative erosion and sediment control device for 
site stabilization. Composted material should be evalu
ated against other standard erosion and sediment control 
devices for effectiveness in sediment removal. 

Second, compile information from existing literature and 
field studies to investigate the effectiveness of using com
posted material as a filtration device in a hydrnulic proc-
~~~ ~uch ae ~ drcp inlet er ~tcnn drainage filtration prcc 
ess. Evaluate the physical and chemical characteristics of 
the compost that enhance pollutant removal and determine 
its useful life cycle. 

Third, conduct an investigation of using composted mate
rial as a soil amendment. This research should focus on 
compost material properties which would permit the re
duction in the use of fertilizers and other chemical means 
in the establishment of vegetation. 

The results of the study should provide a guidance docu~ 
ment that describes the benefits, application areas, tech
niques, and methods of using compost and biosolids in a 
highway environment. 

Cost: $400,000 
Duration: 2 years 

Title: Hydraulic Retrofits to Enhance Water Quality 

Problem Statement: The highway community is faced 
with an emerging issue of water quality impacts. Existing 
infrastructure includes extensive hydraulic facilities which 
may be suitable for retrofit to provide water quality 



Environmental Research Needs in Transportation 

benefits. Examples would be: catch basin/inlet modifica
tions, detention pond retrofit to embankments and/or out
let works, riser structures added to culvert/embankment 
systems and the fostering of pipe storage in storrndrains. 
The project is oriented to these and other possibilities. 
State highway administrators are under lawsuit pressure to 
address water quality concerns. The NRDC third party 
CWA suit against CAL TRANS is nn example. Regula
tory agencies as well as highway departments are targets. 
Reactive solutions can tend to be expensive and unwar
ranted even though they tend to relieve short term pres
sure. There are no coordinated programs to address how 
the existing infrastructure can be modified to benefit wa
ter quality. This is not a long term problem-it is critical 
right now. States are being reactive and spending money 
and do not have focused direction--efforts are scattered. 

Urgency: The mitigation of adverse water quality of 
highway runoff is a modem need. Existing infrastructure 
addresses getting rid of water and minimizing the spread 
of water in the gutters. This infrastructure offers several 
possibilities for retrofits to enable water quality mitiga
tion. Focusing on what can be done with what we have is 
an immediate need. 

Proposed Research: (I.) Identify any of the elements of 
existing hydraulic facilities that may be modified or en
hanced to provide water quality benefits. (2.) Review 
operation and design principles that can enable feasible 
and cost effective modifications - hard design and/or 
management change. (3.) Find and evaluate existing 
retrofits. (4.) Install promising prototypes for evaluation 
through an annual monitoring cycle. (5.) Generate im
plementation guidance for the retrofit of hydraulic facili
ties. 

Cost: $250,000 
Duration: 2 years 

Title: Comprehensive Integrated Weter Quality Man
agement 

Problem Statement: Many states are currently support
ing projects that are assessing surface water quality, 
ground water quality, flooding, wetland protection, and 
streambank/shoreline erosion within a water
shed/ecosystem framework. Transportation agencies need 
to respond to this trend by integrating their environmental 
planning, analysis, design, construction and maintenance 
into this framework. 

One strategy to deal with highway runoff is to provide 
detention facilities to reduce peak runoff levels to pre
development flood rates. Detention facilities include 
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small impoundments that require land as part of a high
way project. These facilities can be modified to have 
additional water quality benefits achievable with control 
device design. If the detention period is sufficient to hold 
a significant runoff event, such as the 25-year storm, the 
sediment load can be settled out. If further modified with 
small permanent pools, biotic activity can reduce uptake 
of dissolved contaminants. Extended detention and per4 

manent pools can be combined to achieve significant wa
ter quality benefits, but there are very few criteria for 
designing and accounting for these benefits. Another 
strategy to deal with highway runoff is to provide grassed 
swales or created wetlands that also accomplish water 
quality benefits. A watershed approach that identifies a 
wide variety of BMPs, such as swales, wetlands and ero
sion control devices within the right-of-way may necessi
tate a review of geometric policies in the Green Book. 
Other watershed benefits of highway drainage features are 
related to conveying incidental spills and releases of fuel 
and oil. This dual usage implies that drainage design for 
runoff should also consider spill retention and temporary 
storage. 

Urgency: The most current water quality research results 
of NCHRP, FHW A administrative contract, and staff 
research program efforts need to be integrated into a form 
that will ensure their usage throughout highway planning, 
design and operations activities. 

Proposed Research: Determine how to integrate trans
portation enviromnental issues into a watershed planning 
framework. This involves integrating cross section, 
alignment, geometrics, and right-of-way design and 
planning with water quality protection in a watershed 
context. Develop planning guidelines and design details 
to accomplish multiple objectives for flow conveyance, 
peak flow attenuation, and water quality improvement. 
The guidelines need to address computation of pre
development and post-development input hydrographs, 
the velocities of runoff into receiving waters, the appro
priate risk levels in terms of return periods, and the vol
wnes to be retained for extended periods as well as the 
volumes to be left in a permanent pool. Additional 
guidelines need to address maintenance and silt clean out 
strategy, spill contaminant, and inter-agency cooperation 
to utilize regional facilities that serve highway and non~ 
highway runoff and possible wildlife use. [t is unlikely 
that highway design will effectively respond to environ
mental pressures relating to water quality without this 
research. This research views the many aspects of design 
as a coordinated whole in order to address water quality 
improvement. 

Cost: $300,000 
Duration: 2 years 
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For transportation organizations, wetland issues are cur
rently centered around the concept of cost-effective miti
gation practices, with an emphasis on wetland banking 
and wetland construction methodologies, and the minimi
zation of wetland impacts. In addition, the proposed new 
hydrogeomorphic wetland rating methodology represents 
additional challenges on wetland issues for transportation 
officials involved in evaluating and mitigating wetland 
impacts. 

Mitigation efforts need to be examined in light of the 
evolving status of Prior Converted Wetlands. When deal
ing with Prior Converted Wetlands, one must be aware 
that "converted" is a reference to wetland area being con
verted to cropland. It does not mean the area was neces
sarily drained. The hydrological criterion for Prior Con
verted Wetland/Fanned Wetland is different from that for 
typical wetland delineation and is related to having an 
extended inundation period and not merely saturation. 
The use of Prior Converted Wetlands as mitigation sites 
probably offers the least expensive fo1m of mitigation. 
Another form of low-cost mitigation is associated with 
transforming borrow operations into mitigation sites. 
These cost-effective techniques need to be fully examined 
and documented. 

Another cost-effective wetland mitigation opportunity 
involves the construction of stonnwater detention basins 
and other non-point source pollution control measures for 
water quality treatment and enhancement. Currently, these 
measures do not count towards fulfilling wetland compen
sation requirements. When these basins are of sufficient 
size, they frequently support a diverse wetland resource. 
The value of these systems should be documented and the 
results used in negotiations witl1 regulatory and resource 
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agencies who need to support transfer of environmental 
credits into the regulatory forum. 

Wetland evaluation is not a high research pnonty for 
transportation because the new U.S. Army Corps of Engi
neers Hydrogeomorphic Approach to Wetland Assessment 
and Evaluation is now under active development, but to 
our knowledge, this assessment methodology has not been 
tested by a transportation organization via a pe1mit appli
cation. The time required to conduct the wetland assess
ments for long-linear projects is unknown and not all the 
required models for the different types of wetlands have 
been developed. Transportation organizations will likely 
be among the first users of th is methodology. Research 
efforts directed at pilot projects applying this method to 
transportation projects should be considered. In this vein, 
there needs to be a nationwide reevaluation of the eco
logical value of regulating highway drainage ditches. In 
some regions of the country, these ditch networks are not 
regulated under the 404 Program and in other regions they 
are regulated. Where regulated, these ditches are often 
treated as requiring full mitigation efforts, even though 
they are likely to be replaced in widening programs. 

Wetland mitigation banking is still in its infancy. The 
Corps has issued guidelines for the development of banks, 
but key issues have not been resolved (Wetland Mitigation 
Banking: National Wetland Mitigation Banking Study, 
lWR REPORT 94-WMB-6, Institute of Water Resources, 
Water Resources Support Center, Alexandria, Virginia). 
Of particular concern to transportation organizations is 
creation and easy use of banks. Regulatory focus on in
kind mitigation and especially in-watershed mitigation 
can make the development of an efficient network of 
banks in any state difficult. In coastal states, numerous 
different small watersheds discharge directly into marine 
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environments without becoming part of a major drainage 
basin. It is unclear whether a bank in each of these small 
watersheds would be required. It must be recognized that 
defining the geographic limits that the individual banks 
serve may be a real problem and guidelines will need to 
be developed that emphasize practical solutions. Resolv
ing credit ratios for restoration and enhancement efforts 
need both documentation and study. Clearly, preseIYDtion 
credits can be part of a total mitigation package, even in 
light of the no-net-loss policy, but it may be difficult to 
convince regulatory agencies because those resources are 
thought to be protected under the current 404 Program. 
This needs to be explored further since there may be 
many specific circumstances where preservation of exist
ing wetlands and buffer areas can present valuable eco
logical benefit. 

Bank development is problematic when the regulatory 
community does not fully embrace the concept. Where 
transportation organizations have developed an efficient 
banking network, technical documents should be prepared 
outlining how the bank works, how in-watershed and 
proximity issues were handled, and how other tough is
sues and negotiations were resolved with the regulatory 
agencies. Fee-based compensatory mitigation where the 
permittee pays a fee to another resource agency, such as 
state Fish & Wildlife, to construct the mitigation, is likely 
to be a very attractive alternative to most transportation 
organizations. This form of mitigation needs to be identi
fied and documented. Also, the development ot water
shed-based wetland management and opportunities to 
incorporate wetland banking and other forms of mitiga
tion is an opportunity that needs to be fully explored by 
transportation agencies. 

Banks will not be a panacea for unavoidable impacts be
cause on-site mitigation will likely be viewed as prefer
able to off-site, even where banks exist. As such, highway 
organizations will still frequently engage in wetland crea-

RESEARCH NEEDS STATEMENTS 

Title: Evaluation of Preservation and Fee-Based Com
pensation as Methods for Department of Trans
portation (DOT) Compensatory Mitigation 

Problem Statement: Typically, regulatory agencies re
quire restoration and/or creation of wetlands as compensa
tory mitigation for unavoidable wetland impacts. This 
type of mitigation typically requires the DOT to be 
closely involved in the development or restoration of 
compensation sites including land purchase, mitigation 
design, construction, and monitoring of replacement wet-
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tion activities. By comparing on-site mitigation costs with 
banking efforts, we should be able to quantify cost sav
ings associated with banking, but such a comparison may 
be premature until more bank sites are developed. Cur
rently, the U.S. Army Corps of Engineers is preparing a 
multi-volume Wetland Engineering Handbook. This 
handbook is an overview of the engineering practices 
required for successful wetland mitigation. This series 
includes a volume of guideline engineering specifications 
for wetland plant establishment and sub-grade prepara
tion. These specifications are written in a five part format 
typical of many transportation organizations. The vegeta
tion specifications focus on freshwater and salt marsh 
establishment, reforestation practices, and various seeding 
programs. It is weakest in western riparian mitigation 
practices. A similar volume is currently being prepared 
by the FHW A - Guidelines for the Development of Wet
land Replacement Areas (National Cooperative Research 
Program, Report 25-3, Transportation Research Board, 
National Research Council, Washington, D.C.). This latter 
volume has a similar focus, but the volumes are not over
lapping. As an overall theme, research efforts are needed 
to evaluate the cost-effectiveness of past mitigation prac
tices, including banking to provide a solid base for future 
decision making. 

In summary the focus of new research efforts is likely to 
be cost-effective wetland mitigation practices, including 
banking, application of emergent wetland evaluation 
techniques to transponation projects and development of 
rational choices for mitigation that embrace watershed 
resource planning. These efforts should not be allowed to 
overshadow the importance of a review of minimization 
practices. The need to develop national approaches to 
many wetland-highway issues is evident, but such efforts 
must have regulatory affirmation or they will be virtually 
worthless. The results of well-targeted research will pro
vide needed empirical support for building consensus for 
new agreements among stakeholders. 

lands and long-term maintenance. This type of involve
ment is typically costly, requires significant amount of 
staff involvement and long-term maintenance and owner
ship responsibilities. Frequently, DOTs may not have the 
long-term resources, staff, or expertise to carry out these 
responsibilities. 

DOTs often have project funds available to pay for wet
land mitigation but are often limited in the long-term 
availability of staff and/or funds for on-going mainte
nance and land ownership. As a result, purchase and pres
ervation as well as fee-based compensatory mitigation are 
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attractive options for DOTs needing to mitigate for wet
land impacts. However, the federal, state and local "No 
Net Loss" policies should be factored into the applicabil
ity of these compensation methods. 

Alternatives to wetland creation and restoration can in
volve preserving existing wetlands or fee-based compen
satory mitigation. For the purposes of this research, pres
ervation includes purchase and transfer of property title to 
a resource agency or maintenance organization and 
fee-based mitigation is defined as the DOT paying into an 
established fund or buying credits from an established 
mitigation bank or similar circumstance. 

Proposed Research: Collect infonnation on projects 
conducted by state, federal, local, and private entities 
where preservation or fee-based compensatory mitigation 
was used. 

Compile collected infonnation into case studies. Develop 
a database to compare and review data. List project 
conditions that make preservation and/or various 
fee-based mitigation scenarios acceptable to the regula
tory agencies. Develop technical guidelines and adminis• 
trative requirements for implementing preservation and 
fee-based mitigation programs. 

Specific tasks that should be conducted as part of this 
research are outlined below: 

Data Collection: (including, but not limited to) l ) miti
gation alternatives considered, 2) reasons for using 
fee-based compensation or preservation rather than ap
plicant established wetland creation or restoration, 3) 
agencies and organizations involved in the process, 4) 
process documentation developed (i.e., MOUs, etc.), 5) 
date when mitigation established (if any), 6) date impact 
occurred, 7) ecological effects of mitigation, 8) effec
tiveness of preservation or fee-based mitigation in replac
ing affected wetland functions, 9) problems encountered, 
and 10) cost per acre. 

Evaluation of collected data: (including, but not limited 
to) I) compile case studies, 2) determine conditions 
where preservation or fee-based compensation was or 
could be acceptable for use, 3) develop list of problems 
encountered, 4) recommend agencies and organizations 
that should be involved, 5) develop technical guidelines 
for when preservation and fee-based compensation might 
be acceptable, and (6) explore additional opportunities 
for alternative compensatory mitigation for DOTs. 

Cost: $200,000 
Duration: 18 months 

83 

Title: Evaluation of Techniques for Improving the 
Ecological Success and Increasing the Cost-Benefit 
of Mitigation 

Problem Statement: Annually, millions of dollars are 
expended on the planning, design and construction of 
wetlands mitigation projects. Many projects involve par
ticular construction techniques that are expensive and of 
questionable ecological value. For example, wetlands 
creation projects typically involve significant earthwork 
which drives up project costs yet with limited ecological 
success. Similarly, efforts to restore or create forested 
wetland systems often involve expensive planting. The 
success of these planting operations can vary. Alterna
tively, volunteer revegetation may, under certain circum
stances, be more effective than planting at mitigation 
sites. For transportation projects impacting small areas of 
wetlands (less than one acre), the total cost per acre of 
restoring or creating smaJI areas might be extremely high. 
Moreover, for certain regional wetland types. there is 
limited technical knowledge on how to successfully re
create, restore or enhance these wetland systems. Finally, 
there is limited information on the general costs of miti
gation that limits the ability to conduct cost-benefit analy
ses. There is a need for a thorough survey of the cost
effectiveness of current wetland replacement techniques. 

Proposed Research: Building upon existing information, 
evaluate and compare techniques/methods for creating, 
restoring and enhancing wetlands currently being used by 
transportation agencies. Emphasis should be placed on 
evaluating the effectiveness of alternative techniques 
(e.g., volunteer revegetation vs. planting) that have the 
potential to reduce project costs and improve the ecologi
cal success of similar restoration or enhancement efforts. 
Research efforts should also focus on identifying tech
niques for restoring or enhancing wetland types and 
complexes where there is limited existing information. 
Wetland restoration and creation costs for different wet
land types in different regions of the country should be 
broken down by topics including, but not limited to, site 
identification and acquisition, project size, planning and 
design, construction practices (e.g., planting, earthwork), 
monitoring and retrofitting. Techniques and methods 
should be evaluated in terms of costs, effectiveness and 
practicality. Study results will identify cost-effective and 
ecologically-desirable wetland restoration or enhancement 
techniques for transportation agencies. 

Cost: $200,000. 
Duration: 24 months 
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Title: Pilot Projects to Apply Hydrogeomorphic 
(HGM) Wetland Assessment Methods to Highway 
Projects 

Problem Statement: Wetland regulatory agencies might 
soon require that impacts to wetlands under the 404 
pennit process be assessed using the hydrogeomorphic 
(HGM) appronch. This approach assesses the differences 
in functional capacity between impacted and unimpacted, 
"reference" wetlands of the same kind. Natural 
variations between sites are distinguished from man
induced variation by first classifying wetlands according 
to HOM-class and then evaluating differences within that 
class based on field data from reference sites. This 
requires that reference sites encompass both altered and 
unaltered sites. lnfonnation on the least altered sites 
provides reference standards by which functions of 
wetlands of that same class can be measured. It also 
provides quantifiable goals by which to judge the success 
of restoring or managing ecological conditions of 
landscapes. 

The development of HGM functional models and the 
applications framework for the 404 process is an ongoing 
effort under management and direction of the Corps of 
Engineers. This proposal addresses the need for a pilot 
project to apply the HGM assessment procedure to 
highway projects, both the NEPA impact assessment 
process and the 404 compliance process (including the 
design and implementation of compensatory mitigation). 

Proposed Research: I. Identify priority wetland types 
impacted by highway projects. Priority would be deter
mined by frequency and severity of impact on wetlands, 
effects of compliance process on project scheduling, and 
regulatory agency acceptance of compensatory mitigation 
initiatives. The wetland types identified should be classi
fied by HGM class and Cowardin classifications. 

2. Identify HGM functional models which have been 
completed at least through a draft or operational draft 
phase. Apply one to three of these models to highway 
projects, including impact assessment under NEPA, 
compliance with E. 0. 11990, CWA, Section 404 pennit 
regulatory process, applkabl~ state regulations, and de
velopment of appropriate mitigation. The mitigation 
process should include feasibility analysis of compensa
tory alternatives of creation; enhancement, restoration, 
and preservation; determination of compensatory ratio; 
mitigation site selection; and 1nitigation project site de
sign. 

3. Evaluate the applicability of the HGM assessment 
procedure to highway projects, including recommenda
tions for additional procedures, policies, or technology. 

Environmental Research Needs in Transportation 

4. Develop technical guidance for the application of 
HGM assessment procedures to highway projects in gen
eral. 

Cost: $50,000 - $150,000 
Duration: 2 years 

Title: Evalnation of Constructed DOT Wetland Miti
gation Projects--Recommendations For Future 
Actions. 

Problem Statement: Over the past two decades, trans
portation agencies have been required to mitigate wetland 
impacts of projects. Mitigation activities have included 
functional replacement, restoration/enhancement and 
preservation. The requirement to mitigate has been 
through issuance of specific conditions to wetland per
mits, which include monitoring and specific performance 
specifications that describe the success of mitigation. A 
key concern by the regulatory and resource management 
agencies has always beeu to replace lost wetland functions 
in kind. Some mitigation designs attempt to address this 
as a goal, often at great effort and considerable expense. 
Although considerable information exists on the total 
inventory of mitigation projects nationwide, a current 
synthesis identifying the results achieved by DOT projects 
is needed. Given the vast amount of effort and resources 
expended, the absence of this information leads to the 
inability to evaluate the accrued public benefit or to es
tablish benchmarks for policy makers to use in decisions 
for future mitigation actions. Successful mitigation has 
two components, regulatory compliance- did the project 
meet the pennit monitoring perfonnance criteria (percent 
cover, etc.); and functional compliance- did the project 
meet the design criteria for functional replacement and did 
the project result in ecologically valuable wetlands. 

The answers to these questions can lead to the reevalua
tion of policies by regulators, resource agencies and the 
regulated community regarding the level of precision 
required for in-kind functional replacement. Therefore, 
the research objective is to establish the results of past 
mitigation projects and provide technical guidance for the 
direction of future mitigation efforts. 

Proposed Research: The study will need to incorporate a 
series of elements to determine success. The first element 
is to establish the success criteria. This must consider any 
goals or performance standards that may have been estab
lished in the permit/project documentation. The second 
element is to compare the post-construction project to 
preconstruction design. The third ele1nent is to assess the 
level of ecological function irrespective of the initial goals 
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or design. The work should include review of mitigation 
project files from selected state DOTs to obtain a geo
graphically representative data base for the Nation. When 
adequate documentation is available (i.e., preconstruction 
goals and perfonnance standards, pre- and post
construction plans and monitoring reports exist), assess
ment may be made based on a desk audit. Absent com
plete documentation, a field assessment will be necessary. 
In the scenario where no goals were established prior to 
construction, then success must be evaluated in a more 
abstract manner. In such cases an evaluation of standard 
ecological parameters (e.g., diversity of cover type, and 
assessment of ecological functions) and qualitative com
parison to reference conditions of similar habi
tat/hydro logic regimes can be used to assign ecological 
success. The results of the survey will be evaluated and 
recommendations made on setting realistic goals for fu
ture functional replacement. Technical guidance should 
be provided on whether certain types of efforts (e.g., in
kind, on-site) are more, or less effective than others (e.g., 
mitigation banks); levels of planning and design necessary 
to insure success; and whether success Clll1 be predicted 
based on wetland type, hydrologic regime or other vari
ables. 

Cost: $350,000 
Duration: 18 months 

Title: Opportunities for DOT Participation in Water
shed Based Planning for Wetlands Management 

Problem Statement: Linear transportation systems (rail, 
road, air and water) cross and interconnect most water
sheds in the US. Mitigation is typically done on a case
by-case basis, with priorities driven by each project's 
schedule and the regulatory process. This approach fos
ters a piecemeal approach to mitigation, ignoring the top 
priorities and needs of individual watersheds. Federal, 
state, and local agencies are promoting watershed plan
ning, and there is a role in this process for DOT agencies, 
which can have major direct and indirect impacts on wa
tersheds. 

Methods are not available for regulatory compliance or 
wetland mitigation to occur on a watershed or ecosystem 
scale basis. Cost-effective mitigation alternatives, such as 
off-site, out-of-kind or wetland banking are potentially 
useful tools for transportation agencies, but, must fit into 
an overall watershed comprehensive planning process for 
acceptance. Developing this planning process is the pur
pose of this research. 

Proposed Research: Develop a methodology or technol
ogy to allow the understanding of the entire watershed 
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function, and identify present and future activities that 
could affect it, including transportation systems. Means 
to do this should be direct, simple and cost-effective. Use
ful methodology used in past and current studies on inte
grated land use plans and models, watershed study case 
histories, and special area management plans should be 
evaluated and utilized if possible in this study. This 
method should measure and inventory the watershed re
sources, conditions, health, values and impacts. Direct 
and indirect impacts, as well as cumulative impacts, due 
to transportation projects, must be able to be included in 
the study. A process for assessing and prioritizing im
mediate and long term deficiencies and needs for water
shed restoration must be identified, leading to an agreed 
upon comprehensive mitigation plan. Watershed needs 
relating to fish and wildlife, wetlands, stormwater or 
flooding needs or retrofits should be included. 

Watershed plans should integrate regulatory as well as 
non-regulatory approaches for wetlands management 
toward the goal of whole watershed management. Water
shed plans for wetland restoration and management 
should involve process elements, such as stakeholder and 
public participation, and technical elements, including a 
method for consolidation of a variety of technical infor
mation, such as wetlands mapping and functional assess
ment and identification of restoration opportunities from a 
variety of sources. Implementation elements, which need 
to reflect a management-oriented vision for the watershed, 
should involve a wetland categorization scheme that de
tennines which wetland areas in the watershed will be 
open to new development (subject to mitigation require
ments), which watershed areas will be closed to new de
velopment, and which areas will be used for wetland res
toration through regulatory mitigation and non-regulatory 
efforts. 

A decision-making framework must be developed to pro
vide a foundation for developing ongoing communica
tions and partnerships between watershed stakeholders 
and regulatory agencies and the transportation project and 
mitigation planning process. 

Identify and evaluate the implications of such a watershed 
plan for highway planning and regulatory compliance, 
and specify what resources DOT agencies can bring to the 
process, how they participate in the process, and how 
transportation planning is incorporated into the process. 

The infonuation about a watershed that will be obtained 
by following the procedures and methodology developed 
by this study will be highly valued by regulators, stake
holders and the development community. The financial 
responsibilities of conducting this study must extend be
yond the transportation agency involved. Recommenda-



86 

tions as to funding options and opportunities must be 
developed as part of this study. 

Products expected from this research include: a model 
methodology that would apply in any given watershed for 
describing watershed resources, deficiencies and potential 
impacts; a decision-making framework for stakeholder 
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coordination and regulatory compliance, identification in 
detail how DOT agencies will be involved in and con
tribute to the process; and finally, recommended funding 
partners for conducting the study. 

Cost: $lS0,000 
Duration: 18 months 
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WILDLIFE & ECOSYSTEMS 
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Impacts of transportation projects on wildlife and ecosys
tems are of major concern to natural resource trustees, 
state and federal departmeuts of transportation, and pri
vate citizens. Wildlife and ecosystem impacts are cur
rently centered on the concept of mitigating ecosystem 
fragmentation and disruption, and collision avoidance. 
Over the past five years, few research programs have 
actually been initiated to investigate the impacts of trans
portation projects on wildlife and ecosystems. In fact, 
many of the suggested research needs for th is year are the 
same or similar to those received previously, reflecting 
that there are some important wildlife and ecosystems 
concerns that still need to be addressed. 

Fish and wildlife populations and communities are con
stantly changing through births, deaths, immigration, and 
emigration. Underlying this change, however, is a certain 
range of possibilities that help to define a given commu
nity. In the absence of additional outside influences, spe
cies composition and relative abundance in a community 
can be expected to vary within definable boundaries. 
Habitat disruption or fragmentation can bring about 
changes in the numbers of births and deaths resulting in 
reductions in population size. Fish and wildlife popula
tions may also be reduced through increased emigration 
or decreased immigration in response to changes in habi
tat structure. Habitat fragmentation and disruption, which 
causes changes in the size of particu Jar populations, could 
also result in the secondary effect of changing the com
position and structure of fish and wildlife communities 
and ecosystems. As transportation projects induce 
modifications in species composition and relative abun
dance of populations in a community, the often complex 
pattern of energy flow within the ecosystem can change. 
If certain key species are reduced or eliminated the com-
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munity may support fewer species and become an ecosys
tem of lower value. Additional data are necessary on how 
both re-developed and new transportation projects bring 
about habitat changes that result in changes in biodiver
sity. 

Other concerns surround the utilization of transportation 
corridors by wildlife. Information on the actual utilization 
of medians, loops etc. by animals needs to be examined 
versus the adjacent areas of transportation corridors in 
order to examine whether or not the size of medians or 
loops, the naturalizing of medians and shoulders, and 
plantings of potentially palatable vegetation are signifi
cantly contributing to potential wildlife and ecosystem 
impacts. Similarly, case studies on the actual usage of 
wildlife overpasses, tunnels, etc. that have been con
structed would also be appropriate. Further data needs to 
be collected to determine if DOTs' actions in attempting 
to reduce maintenance costs by using wildflower plant
ings and certain trees and shrubs, or constructing nesting 
boxes, etc. near highways without appropriately assessing 
the impacts are only adding to the increased usage of the 
transportation corridors by wildlife, thereby compounding 
the ecosystem impacts of transportation facilities. 

Additional research efforts are needed on the impact that 
transportation projects have on the accumulation of con
taminants in community and ecosystem food chains. 
Whether this contaminant loading originates from point or 
non-point sources, the present information cannot ac
commodate the increasing demand for this data. Research 
needs to be undertaken not only for the potential air pol
lution impacts but also for road runoff and should in
clude chemical and physical stressors (i.e., road sand). 
Little information is available to properly assess the long-
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term or short-term impacts of roadside contamination at 
the ecosystem level. Although the majority of the chemi
cals of concern include polycyclic aromatic hydrocarbons, 
nitrogen-containing organics, and some metals, few mod
els exist to properly evaluate their impacts on wildlife 
species through ingestion and inhalation of these con
taminants. Further research is necessary to assist in stan
dardizing uptake and exposure levels for different eco
logical receptors in different environments. Few criteria 
or toxicity data exist for both single compounds or com
plex mixtures to evaluate potential impacts to wildlife 
and ecosystems. There are no widely accepted criteria for 
evaluating the significance of roadside soil, air, and 
vegetation contamination. Additional research in these 
areas is a critical need to better evaluate these potential 
impacts from transportation projects. 

CurrenUy there are limitations in available policy and 
guidance that articulate the extent to which ecological 
data should be collected and used when considering; wild
life and ecosystem impacts. The absence of policy and 
guidance in many cases is due to the lack of appropriate 
scientific knowledge and data, and additional fundamental 
research addressing these data gaps is clearly needed. 
Although the difficulty of developing such policy and 
guidance in the face of existing scientific uncertainties is 
widely recognized, some policy decisions could be 
reached given the current knowledge and data. For ex
ample, one of the most fundamental impact management 
i:;~ut:~ i:; th~ ~.;;l~~iiun uf a.ppi-upriat~ bioti~ receptors arid 
ecological effects to evaluate. There is a virtually infinite 
number of combinations of receptors and effects that can 
be considered for a transportation project, however, there 
is no general consensus on what priority should be given 
to which receptors and which endpoints in terms of 
evaluating and minimiziug effects. In addition specific 
guidance needs to be developed to aid in the determina
tion of when an ecological threat is significant and thus 
worthy of mitigation. A compilation of information on 
critical parameters of physiology, metabolism, and natural 
history would facilitate quantitative estimates of potential 
impact. The lack of sufficient policy and guidance also 
may result in inadequate ecological management deci
sions in the sense that opportunities for ecological protec
tion or enhancement may be lost or that ecologically det
rimental alternatives may be implemented. 
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Transportation agencies regularly construct stormwater 
detention basins or direct outfalls for stormwater man
agement as part of the required mitigation efforts associ
ated with transportation projects. Currently, however, 
these measures have not been appropriately examined as 
to the potential indirect impacts of erosion on the ecosys
tems in the receiving water bodies. The introduction of 
significant water volumes and high input velocities can 
cause significant impacts to the ecosystem for large 
reaches down stream. Recently, mitigation of these im
pacts has been attempted through stream restorations (i.e., 
rechannelizations) to help accommodate the increased 
water volume and velocity. The overall effectiveness of 
this habitat improvement/mitigation action has not been 
adequately evaluated. The implementation of this mitiga
tion measure is still too new and little follow-up monitor
ing has been performed for the mitigation effort to be 
judged as being successful. Additional research is needed 
to adequately determine the effectiveness of this mitiga
tion measure and to explore additional alternatives where 
necessary. 

Environmental assessment techniques in transportation 
projects are usually limited to existing methodology and 
guidelines. Development of new assessment procedures 
and guidelines is generally outside the realm of transpor
tation environmental impact assessments. However, re
search to develop new assessment techniques and guide
lines for a variety of transportation-related impacts to 
•~•;1...11:.i',... .,.....,,.J ....,,..,.,,,.,.,,,,+.--._.. !n ,..n""",.l.-,,,.1 ;..,,..1,-.,-l~~rw· n,,"lu"'• ~nrr 
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noise impacts on sensitive species; evaluating use of cul
verts vs. bridges; assessing the impacts associated with 
relocations of populations; nationwide standardization of 
assessment techniques; guidelines for in-kind versus out
of-kind mitigation; and developing criteria for when to 
implement collision avoidance measures. In addition, 
characterization of impact would be made more accurate, 
consistent and comprehensive by delineating a standard 
set of organisms and endpoints for evaluating threats to 
particular ecosystems. The purpose of developing these 
new assessment procedures and guidelines is to not only 
improve the quality and predictability of ecosystem im
pact assessments, but also to improve the explanation of 
investigation impacts, mitigation and conclusions to all 
interested parties. 
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RESEARCH NEEDS STATEMENTS 

Title; Identification or Upland Ecological Functions 
Which are Appropriate for Assessing the Impacts 
of Transportation Projects on Ecosystems 

Problem Statement: Based on experience with assess
ment of wetlands, it has been useful to express the integ
rity, condition, or state of wetlands in terms of functions. 
The advantages of using functions in ecosystem assess
ment are that functions (l) are more robust in depicting an 
ecosystem condition better than a single index of integ
rity, (2) provide the detail that is often necessary for es
tablishing mitigation goals, and (3) relate to specific socie
tal values that facilitate environmental review processes. 
Considerable ecological research has been conducted on 
upland ecosystems throughout the country. Typical ex
amples of important functions are maintaining character
istic levels of primary productivity, site water balance, 
elemental cycling, food webs, vertebrate populations, etc. 
However, there has been little attempt to employ the 
measurement of functions as an assessment tool for eco
logical integrity in upland ecosystems. The project will 
identify ecological functions of uplands that are appro
priate to assessing the impacts to ecosystems by transpor
tation projects. 

Proposed Research: Conduct a workshop to establish 
functions for upland ecosystems that can be practically 
applied to impact assessment by transportation projects. 
The workshop would serve to provide a strong scientific 
foundation for the assessment of upland ecosystems. The 
major product of the workshop would be synthesis papers 
that document the presence of relevant functions in the 
general areas of hydrology, biogeochemistry, food web 
and habitat support, landscape-scale functions, and others, 
as appropriate. Papers chosen from major biomes of the 
United States would provide a geographic distribution 
applicable to a number of DOTs. The Long Tenn Eco
logical Research Program of NSF has projects distributed 
across major biomes (boreal forest, Pacific Northwest 
coniferous forest, shortgrass prairie, temperate deciduous 
forest, etc.) and the research infrastructure to facilitate the 
development of synthesis papers. Participation by agency 
facilitators would be needed to ensure useful end products 
for interfacing with related efforts to develop standards 
for upland ecosystems. Spatial scales at which identified 
functions occur must be made explicit. 

Cost: $70,000 
Duration: 2 Years 
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Title: Establishing the Relationship Between Roadway 
Density and Ecosystem Integrity 

Problem Statement: Construction of new roadway 
corridors or expansion of existing roadways (increases in 
road intensity) may increase habitat fragmentation and 
have an adverse effect upon wildlife populations and the 
overall health or integrity of ecosystems. There is an 
absence of data concerning impacts of additional 
fragmentation of an already fragmented landscape and 
whether this has any substantive effect upon ecosystem 
integrity. Extensive biological surveys to detennine the 
potential biodiversity effects of individual road projects 
are time-consuming, costly, subject to dispute over 
interpretation of results, and have limited application 
beyond the specific project studied. A rapid assessment 
methodology is needed to aid transportation and 
regulatory agencies in determining whether or not projects 
are likely to exceed the habitat fragmentation thresholds 
of given landscapes. 

Studies have shown that road densities above a certain 
threshold are correlated with reduced populations of 
certain vertebrates. Road density has also been proposed 
as a broad index of the ecological effects of roads within a 
landscape unit. Therefore, changes in road density or 
intensity may be an easy and useful indicator by which to 
measure potential impacts to ecosystems specifically 
related to wildlife populations. 

.Proposed Research: 1) Produce an annotated 
bibliography and synthesis of existing research on the 
relationship of roadway density and intensity and: 
ecosystem integrity or health, and wildlife diversity and 
density. 

2) Establish the appropriate size of landscape 
units in which to measure roadway density/intensity. 

3) Develop methodologies to determine 
thresholds of roadway density/intensity. 

4) Correlate highway densities in large 
landscapes (from GIS based data sets) with known 
species~specific population sizes for landscapes of similar 
type to identify threshold levels of road density and 
intensity (usage) including the relationship of lane km/sq. 
km, AADT, and other appropriate transportation facility 
characteristics. 

5) Develop guidance thresholds (in habitat types 
of selected ecoregions) for levels of roadway 
density/intensity that adversely affect ecosystem integrity. 

Cost: $750,000 
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Duration: 2 Years 

Title: Ecosystem-based Transporlation Corridor As
sessment 

Problem Statement: Transportation project construction 
and operation often alters ecosystem structure and func
tion by reducing population sizes of plant and animal 
species and disturbing natural communities. While this 
problem has been adequately studied and identified, 
widely applicable solutions have not. Mitigation is most 
often based on individual projects or micro solutions, 
however, for ecosystems and wide-ranging species, macro 
solutions are needed, but the information necessary to 
formulate such solutions is not always available. Most 
mitigation projects are done independently, although co
ordinated action may offer greater effectiveness at much 
reduced costs. 

Proposed Research: Join in selected pilot efforts at 
ecoregional planning to: 

I) Identify ecosystems, species, and natural communities 
that are particularly vulnerable; 
2) Identify the sources of these threats; 
3) Propose strategies and plans to protect or mitigate 
those ecosystems, species, and natural communities at 
risk; and 
4) Identify paitners to participate in plan development 
and strategy implementation. 

For example, The Nature Conservancy is launching an 
effort to develop comprehensive conservation plans on an 
ecoregional basis throughout the United States. The Con
servancy has identified 57 ecoregional planning units for 
this initiative. The TRB could join in selected pilot proj
ects to explore ways in which ecoregional planning could 
assist the transportation sector in fulfilling its mission 
while meeting existing environmental requirements, as 
well as the emerging move towards ecosystem manage
ment. 

Example of one of these ecoregional planning efforts: 
Northern Great Plains Steppe ecoregion. This pilot area 
encompasses portions of Montana, Wyoming, North Da
kota, South Dakota, Nebraska in the United States and 
Alberta and Saskatchewan in Canada. The core planning 
team consists of ecologists, botanists, zoologists, GIS 
experts, and planners from The Nature Conservancy, the 
Natural Heritage Network, and other agencies. Participa
tion in this and similar pilot projects would help assess the 
utility of conducting similar, or modified, transportation
related, biodiversity threat, and solution analyses in other 
regions of the United States. 
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Cost: $600,000 ($75,000/pilot project/year) 
Duration: 2 Years 

Title: Evaluation of Published Case Studies and Rep
resentative Completed Projects to Determine Ef
fectiveness of Corridor Connections to Reduce 
Fragmentation by Transportation Facilities 

Problem Statement: Although much remains to be 
known on how and to what degree transportation systems 
reduce ecosystem functions, measures have been under
taken by several transportation agencies to reduce frag
mentation of ecosystems due to transportatiou facilities. 
Collectively these various mitigation measures define the 
ever-evolving technology for reducing ecosystem frag
mentation. Some transportation agencies have attempted 
to use highway corridors and greenways/pathways as a 
means to provide connectivity between fragmented eco
systems. Several transportation agencies have utilized 
wildlife passageways, such as bridge extensions, over
passes, underpasses, culverts, and vegetated strips as a 
means to connect habitat fragments caused by construc
tion. The efficacy of these efforts remains generally 
unstudied. 

Proposed Research: The study will identify measures 
developed to connect habitat fragments due to transporta
tion facilities and survey case studies by transportation 
agencies. These identified measures should be evaluated 
to determine what results were achieved, at what cost, and 
indirect benefits or liabilities. 

Field investigations should be undertaken for a represen
tative set of passageways developed/constructed specifi
cally for connecting habitat fragments. Data should be 
collected on the utilization of these facilities by an array 
of select indicator species including those species for 
which the project was developed. Appropriate controls 
should be used. 

Cost: $350,000 
Duration: 3 years 

Title: Synthesis of Transportation Agency Ecosys
tem/Mitigation Experience 

Problem Statement: Transportation agencies at the local, 
state, national, and international levels are assessing eco
system impacts, implementing mitigation measures, and 
developing management plans for their programs and 
project implementation. Information regarding these 
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activities is currently available only through the individual 
agencies. Since the infonnation would be of great benefit 
to other transportation agencies that may be facing similar 
situations, it should be gathered into a single location so 
that others can gain easy access. With information on the 
experience of others, failures need not be duplicated but 
successes can be repeated. Even where failures occurred, 
corrective action can be taken to improve chances of suc
cess at other locations. 

Proposed Research: This research project would contact 
transportation agencies and identify programs and projects 
that have addressed vegetation and wildlife issues includ
ing: 

• Fragmentation/connectivity; 
• Wildlife habitat replacement, enhancement, and pres

ervation; 
• Operation and ecosystem management practices; 
• Interagency agreements aimed at improving ecosys

tems; 
• Funding of ecosystem restoration; 
• The effectiveness of design features in the reduction 

of wildlife mortality; 
• Migration and control of invasive species; and 
• Uses of existing biological data (such as natural heri

tage data) to evaluate and plan transportation proj
ects. 

Once identified, each program or project should be de
scribed in detail including methodology used to establish 
impact, basis for plan, goal of activity, agencies or other 
entities involved, design considerations, operation and 
maintenance considerations, action taken, acceptance 
among stakeholders, perceived success, and any analysis 
conducted to measure success. It is also of interest 
whether the action taken was a result of a negotiated set
tlement or through scientific analysis. 

The opinion of the transportation agency is also important 
regarding whether it would repeat the exercise and 
whether it was cost effective. Any other comments from 
the implementing agency would also be welcomed and 
encouraged. 

A synthesis report will be prepared. 

Cost: $150,000 
Duration: 18 months 

Title: Develop Standards for Characterizing the In
tegrity of Upland Ecosystems 

91 

Approaches for the assessment of aquatic and wetland 
ecosystems have adopted the concept of reference ecosys
tems as benchmarks for detecting ecosystem change from 
impacts by human activities. For aquatic ecosystems, 
indices of biotic integrity (TB]) have been developed, and 
for wetland ecosystems, the hydrngeomorphic approach 
(HGM) is under development. In order to apply the con
cept of reference to ecosystems, standards must be devel
oped to reflect least altered conditions (i.e., minimally 
impaired, highest sustainable functions, biological integ
rity, historical conditions, and so forth). These concepts 
of reference condition have not been explicitly applied in 
the assessment of impacts to upland ecosystems (in con
trast to aquatic and wetland ecosystems). The proposed 
research projects outlined below explicitly invoke the 
concept of reference ecosystems to uplands in the assess
ment of environmental impacts of transportation projects. 
By building upon the experience gained in JBI and HGM 
assessment approaches, application to upland ecosystems 
can advance relatively quickly. 

To apply functional assessment to uplands, standards must 
be established that characterize ecosystems at their highest 
level of sustainable functioning. Such indicators or 
variables that are used for standards must be easily 
observed in the field to be practical for use in impact 
assessment and mitigation efforts. 

Problem Statement: There are two interrelated phases 
to this project, the development of field methods and 
techniques, and the determination of indicators and 
variables that are practical to collect and that will be 
useful in characterizing functions. 

Development of field methods and analysis techniques: 
A vast array of field methods and data analysis techniques 
are available for studies of ecosystems. Many are 
impractical for the assessment of the impacts of 
transportation projects on ecosystems because of cost and 
time requirements. The most appropriate methods are (a) 
relatively inexpensive, (b) easily implemented by field 
biologists, (c) rigorous enough to meet NEPA 
requirements and those of state and local agencies, and ( d) 
can be consistently applied to a variety of ecosystems. 
Adaptation of existing methods and the development of 
new techniques would contribute to consistency and 
efficiency for both field and data analysis components. 
Methods developed in forest assessment, wildlife 
population censuses, rangeland management, natural 
resource inventories, and related techniques usually can 
be adapted with little modification to meet the 
requirements of ecosystem assessment. 
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Develop indicators and variables: 
Standards developed for a particular class of upland 
ecosystems are reflective of the highest levels of 
functioning sustained by sites with the least alteration. 
Functions can be modeled as aggregates of indicators and 
variables that bear known or hypothesized relationships to 
the function. Indicators should be chosen based on 
sensitivity to anthropogenic impacts and variables should 
be usefu 1 not only in evaluating changes in function, but 
also in developing designs for restoration. For example, 
measurable habitat features of an ecosystem may 
correspond to potential population densities of a given 
species. For example, successful nesting sites for certain 
bird species may depend on mature forest structure, 
appropriate feeding habitat, and the absence of brood 
parasites. Indicators or variables contributing to these 
conditions may include a mixture of deciduous tree 
species of a given size-class distribution age and a 
location more than several hundred meters distance from a 
highly altered site. 

Indicators and variables of functions may have similarities 
among ecosystems classes, but the specifics will change 
based on species composition, landscape position, 
vegetation structure, soil properties, detrital mass, ground 
cover, and so forth. Standards based on reference 
condition must be detennined for each ecosystem class. 
Once these standards are developed, assessment of 
ecosystem functions will involve the comparison of 
inclicators ancl variahles of the site heing assessed with the 
standards for the class. 

These standards should be developed for several 
ecosystem classes to illustrate their application to 
functional assessment. They can serve as templates for 
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the development of standards for other priority ecosystem 
classes. 

Proposed Research: De\!elopment of field methods and 
analysis techniques - Methods will be adapted and 
developed to assess the functioning of ecosystems relative 
to standards developed for unaltered ecosystems. Because 
of the need to apply different techniques among 
ecosystem classes, four structurally distinct ecosystems 
will be chosen for testing and refining methods: wann 
temperate deciduous forest, shortgrass prairie, wann 
desert, and evergreen coniferous forest. Products of this 
research will include published papers and manuals. The 
manuals should be in a format useful for the technical 
training of practitioners of ecosystem assessment. 
Recommendations and examples will be provided on how 
to analyze data and how to compare the results to 
standards of reference ecosystems. 

Cost: $300,000 ($75,000 each for 4 projects) 
Duration: 2 years 

Develop indicators and variables - Standards will be 
developed for four ecosystem classes (the same ones for 
which methods were discussed). The indicators and 
variables that support these standards will be tested by 
applying them to altered ecosystems that have lower 
levels of functioning, based on the judgment of 
knowledgeable professionals. To the extent available, 
existine rlata .~et~ should he user! tn supplement iniliciitnrs 
and variables derived from field sampling. These may 
include inventories and maps relevant to transportation 
project sites. 

Cost: $600,000 ($150,000 for each of 4 projects) 
Duration: 3 Years 
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