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Preface

In the past century, dramatic changes have been made in the U.S.
road system to accommodate an evolving set of needs, including per-
sonal travel, economic development, and military transport. As the
struggle to accommodate larger volumes of traffic continues, the road
system is increasing in width and, at a slower pace, overall length.

As the road system changes, so does the relationship between roads
and the environment. With the increase in roads, more resources are go-
ing toward road construction and management. More is also understood
about the impact of roads on the environment. To address these matters,
a better understanding of road ecology and better methods of integrating
that understanding into all aspects of road development are needed.

This report attempts to consolidate understanding in a number of
areas—how roads interact with different ecological structures and proc-
esses across scales of space and time; how the legal framework for
evaluating ecological effects intersects with the scales of ecological fea-
tures; and how ecological considerations can be integrated better into all
phases of road development—from planning to use.

The compilation of current understanding of the effects of roads on
ecological processes and structures is a major focus of this report. We
found that most of the current knowledge is about aspects of the envi-
ronment that change over short time periods and small areas and that
ecological processes and structures that cover large areas over broad time
scales have been largely overlooked.

The current federal legal framework for consideration of ecological
impacts of roads has essentially been in place for over three decades.

XV
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XVi Preface

This framework considers a few critical pieces of ecosystems but could
be expanded to include more ecological features. The opportunity exists
to evaluate the efficacy of these laws and policies, but the collection of
more data and the synthesis of extant information need to be done in
ways that have generally not been done.

Integrating ecological considerations into all phases of road devel-
opment—ifrom planning to construction to vehicle use to ongoing main-
tenance—is a continuing challenge. Practitioners are moving in that
direction and are encouraged to continue in that direction. We suggest
that integrative assessments done earlier in the planning process are a
key solution to this chronic issue.

These findings would not have been possible without the hard
work, collective action, and perseverance of this committee. I would like
to thank my colleagues on the committee for their efforts. Some mem-
bers of the group have hundreds of years of collective experience as
practitioners and gladly shared that wisdom; others are among the lead-
ing researchers in the field of road ecology. I have been honored to serve
alongside such an august group. But even more, it was a pleasure and
joy to get to know them and work with them all.

The committee and I gratefully acknowledge and thank the staff of
the National Research Council for their support. Suzanne van Drunick
served as project director and provided gracious leadership throughout
the project. Bryan Shipley provided beneficial research and report
preparation. Liza Hamilton provided outstanding venues and programs
for the meetings and help in preparing the report. David Policansky pro-
vided helpful guidance and counsel. Ruth Crossgrove, Mirsada Karalic-
Loncarevic, John Brown, Alexandra Stupple, and Sammy Bardley also
helped with various aspects of the project and report preparation. The
committee is appreciative of BEST members for their oversight of this
study.

The committee benefited immensely from the help and advice of
practitioners and scientists who spent their valuable time to give presen-
tations, reports, and advice to the committee during the numerous meet-
ings.

The National Research Council process for producing the report in-
volves extensive reliance on external reviewers. The committee thanks
the reviewers of its final report for their thoughtful contributions.

We hope that the conclusions and recommendations of the report
provide solid advice to agencies and the road community to better assess
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Preface xvii

and integrate environmental concerns into all phases of road develop-
ment. We also hope that in some small way this information provides a
foundation for a more sustainable future.

Lance Gunderson, Chair
Committee on Ecological
Impacts of Road Density
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EPA U.S. Environmental Protection Agency
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ESA Endangered Species Act
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XX Abbreviations

ETAP environmental technical advisory team

FHWA Federal Highway Administration

FLH federal lands highway

FPPA Farmland Protection Policy Act

FTA Federal Transit Administration

GIS geographic information system

HEP habitat evaluation procedure

HGM hydrogeomorphic method

IRI international roughness index

ISTEA Intermodal Surface Transportation Equity Act

LARCH landscape ecological analysis and rules for the
configuration of habitat model

LOS level of service

LRTP long-range transportation plan

LWCFA Land and Water Conservation Fund Act

MBTA Migratory Bird Treaty Act

MOU memorandum of understanding

MPO metropolitan planning organization

NAAQS National Ambient Air Quality Standards

NAS National Academy of Sciences

NCHRP National Cooperative Highway Research Program

NEPA National Environmental Policy Act

NGO nongovernmental organization

NHPA National Historic Preservation Act

NHS national highway system

NOAA National Oceanic and Atmospheric Administration

NOx nitrogen oxides

NPDES national pollutant discharge elimination system

NPS National Park Service

NRC National Research Council

NWP nationwide permit

PM,, particulate matter up to 10 micrometers in diameter

ROD record of decision

SAMP special area management plan

SEA street edge alternatives

SEF southeastern ecological framework

SEMP Strategic Environmental Management Program

SIP state implementation plan

SPGP state program general permit

STIP state transportation improvement plan
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TIP
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TRB
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V/SF
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surface transportation policy project
transportation enhancement
Transportation Equity Act for the Twenty-First Century
transportation improvement program
total maximum daily load

The Nature Conservancy
Transportation Research Board

U.S. Fish and Wildlife Service
volume to service flow ratio

vehicle miles of travel

volatile organic compound
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Summary

There are 4 million miles of roads in the United States. One hun-
dred years ago, roads were primarily unpaved and had half the number of
miles of the present U.S. road system. As the system grew, roads be-
came wider and more complex structurally to provide for more and heav-
ier traffic. New construction technology and greater structural stability
were needed to improve the road system.

All phases of road development—from construction and use by ve-
hicles to maintenance—affect physical and chemical soil conditions, wa-
ter flow, and air and water quality. Roads alter habitats, increase wildlife
mortality, and disperse nonnative pest species of plants and animals. At
larger scales, roads affect wildlife migration patterns. In some cases,
roads can also enhance roadside habitats for native species.

The importance of integrating environmental considerations into all
phases of transportation is emphasized in legislation. The Transportation
Equity Act for the Twenty-First Century (TEA-21) of 1998 called for
protection of the environment by initiating transportation projects that
would improve environmental quality and support fuel efficiency,
cleaner fuels, and alternative transportation. The act called for streamlin-
ing procedures to reduce red tape and paperwork in transportation project
reviews without compromising environmental protection.

Consideration of environmental issues in road development has
been an evolving process. The increasing awareness of environmental
issues, regulatory changes, and new solutions have made road develop-
ment more complex and controversial. Many believe that environmental
protection can be compatible with streamlining the project approval
process through effective planning and coordination. Suggestions on
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how environmental and transportation goals can be better integrated have
been developed by government agencies and nongovernmental organiza-
tions. Approaches include more integrated planning and interagency
coordination, consideration of alternative designs earlier in the planning
process, and consideration of mitigation strategies, such as installation of
wildlife crossings and native vegetation management. As the road sys-
tem expands and construction and management require additional re-
sources, more is understood about the impact of roads on the environ-
ment, but much remains to be learned. To address these matters, better
understanding of road ecology and improved methods of integrating that
understanding into all aspects of road development are needed.

Over the past two decades, the Federal Highway Administration
and state transportation agencies have increasingly recognized the impor-
tance of the effects of transportation facilities on the natural environ-
ment. The importance of this issue was reflected by congressional action
in Section 5107(b)(4) of TEA-21, which required the secretary of trans-
portation to “study the relationship between highway density and ecosys-
tem integrity, including the impacts of highway density on habitat integ-
rity and overall ecosystem health, and to develop a rapid assessment
methodology for use by transportation and regulatory agencies in deter-
mining the relationship between highway density and ecosystem integ-
rity.” Section 5107(d) of TEA-21 authorized the secretary to arrange for
a study of this relationship by the National Research Council (NRC). In
response, at the request of the Federal Highway Administration, the NRC
established the Committee on Ecological Impacts of Road Density (see
Statement of Task in Box S-1). This committee’s report attempts to pro-
vide guidance on ways to reconcile the different goals of road develop-
ment and environmental conservation.

The term “road density” is frequently used to mean the average to-
tal road length per unit area of landscape. However, roads also have
widely varying widths; therefore, lane miles per square mile (or lane
length per unit area) is a better measure of density because it takes into
account the differences between, for example, multilane expressways and
two-lane rural roads. The concept of road density was developed as a
way of quantifying one aspect of a road network and is applicable at
scales larger than a road segment. Road density may be appropriate for
measuring the structure of some existing road networks (especially those
few urban or rural systems in a rectilinear grid), but it is not the only
measurable term that can be used to describe road pattern and structure.
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BOX S-1 Statement of Task

A multidisciplinary committee will be established to review the sci-
entific information on the ecological effects of road density, including
the impacts of roads and highway density on ecosystem structure
and functioning and on the provision of ecosystem goods and ser-
vices. The committee will focus on hard-surfaced roads and will as-
sess data and ecological indicators needed to measure those im-
pacts. Cumulative effects will be considered. The proposed study
will also provide a conceptual framework and approach for the de-
velopment of a rapid assessment methodology that transportation
and regulatory agencies can use to assess and measure ecological
impacts of road density. To the degree that the committee can iden-
tify documentation of their effectiveness, it will consider the potential
ameliorating effects of measures that might avoid, reduce, or com-
pensate for the effects of highways and highway density on the
structure and processes of ecosystems.

The committee will consider such questions as the following:

1. What are appropriate spatial scales for different ecological
processes that might be affected by roads?

2. The importance of various ecological models and their appro-
priateness to the analysis.

3. The applicability of various ecological indicators, such as those
recently recommended by the National Research Council.

4. The degree to which the national, regional, and local environ-
mental concerns expressed in such laws as the Endangered Species
Act and the Clean Water Act are relevant to the ecological effects of
roads.

The study will focus on all classes of hard-surfaced roads. The
committee will consider and describe as possible the various attrib-
utes of roads that have ecological significance, such as how the
right-of-way is managed, surface composition, and the presence or
absence of structures such as overpasses and underpasses. It will
consider the importance of the pattern of road layout on ecological
systems. It will not address global or regional climate effects, since
they are being studied under other initiatives. However, local climate
effects are appropriate in the scale of individual project design, con-
struction, and use, and are directly related to ecosystem perform-
ance in both long- and short-term contexts.
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There are cases in which the meaning of the term “road density” is
clear, but often it may be difficult to make useful comparisons between
the ecological effects of different types of road networks. For example,
several two-lane roads that have little traffic versus fewer, eight-lane
roads that are heavily traveled. Therefore, the committee focused on
variables that contribute to density, such as highway length and portion
of land covered, rather than strictly on density, and used the broader con-
cept of “scale” for evaluating environmental effects.

The committee focused on the ecological effects of federally
funded paved highways in urban and rural locations. The committee did
not focus on urban street networks, and no consideration was given to the
ecological effects of unpaved roads, such as those found in federal for-
ests, wilderness areas, wetlands, parks, and farms, or the ecological ef-
fects of state and local roads. The committee did not address global or
regional climate effects, such as how potential climate changes might
affect the interactions of organisms and the environment associated with
roads and vehicles or how roads and traffic might influence climate.
However, local climate interactions with road ecology are considered in
this report.

Developing policy choices to balance mobility, economic growth,
and environmental protection goals has been important and challenging
for more than 50 years. Although the committee was not charged to
evaluate such policy choices, it identified the ecological effects of roads
that can be evaluated in the planning, design, construction, and mainte-
nance of roads. The committee did not address human ecological fac-
tors; nonecological factors, such as safety; efficient movement of vehi-
cles; or protection of farmlands, publicly owned recreation lands, and
scenic, historic, and cultural areas. The committee also did not address
such factors as urban sprawl or suburban growth; project costs; state-
wide, regional, and local planning goals; and the economic viability of
the communities of users.

ECOLOGICAL EFFECTS OF ROADS

Perhaps the most noticeable ecological effect of roads is direct, ve-
hicle-related mortality (animals killed by collisions with vehicles). Al-
though it is not the most threatening effect of roads for most species,
mortality can reduce wildlife-population densities and ultimately affect
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the survival probability of local populations, including endangered or
threatened species, such as the Florida panther and grizzly bear. In addi-
tion to vehicle-related mortality, roads—acting as barriers to wildlife
movement—may affect wildlife-population structure by disrupting
breeding patterns or impairing reproductive success because they can
fragment and isolate populations. In extreme cases, the resulting limita-
tion of gene flow could result in local extirpation of a species. Properly
designed mitigation measures, such as wildlife-crossing structures, can
facilitate wildlife movement across roads and reconnect isolated popula-
tions. Fish movement can also be blocked by road-crossing structures,
such as culverts (usually a large pipe under a road where it crosses a
stream) that are improperly designed or not present at all. Some fishes
avoid moving through culverts, possibly because of the increased speed
of the water flow, even if there are better habitat conditions on the oppo-
site side. Reluctance to move, for example, downstream, could contrib-
ute to isolating upstream populations and, in some cases, localized extir-
pations.

In evaluating the ecological effects of roads, it is important to con-
sider the physical, socioeconomic, and legal context, as well as the eco-
logical context. Each has spatial and temporal dimensions. The term
“road-effect zone” means the distance from a stretch of road or road seg-
ment that ecological effects can be detected. The road-effect zone is
usually asymmetric extending outward on either side of the road, with
varying zone boundaries. The effect of distance varies, depending on the
species, location, and disturbance type. For example, animals avoid
roads by a distance that increases with increasing traffic volume, and that
distance varies by species. Noise from high-traffic-volume roads reduces
the breeding densities and distribution of many bird species within a 40-
to 1,500-m zone. Increased traffic and road density negatively affect
aquatic habitats and the species that depend on them. For example, wet-
land species diversity is negatively correlated with paved roads up to 2
km away. Other disturbances, such as heavy metals and chemical pollu-
tion, can degrade habitat quality in the road-effect zone up to 100 m and
200 m, respectively. Vehicle-generated pollutants (such as nitrogen ox-
ides, petroleum, lead, copper, chromium, zinc, and nickel) are the pri-
mary pollutants associated with road use. Along with pollutants from
spills, litter, and adjacent land uses, they accumulate on impervious roads
and enter waterways via surface runoff or atmospheric deposition. Run-
off contaminated with road salt can damage vegetation and potentially
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cause a shift in plant community structure when salt-sensitive plant spe-
cies are replaced by less-sensitive species, such as cattails and common
reed grass. Salt-related vegetation changes can also affect wildlife by
adversely altering habitat, inhibiting road crossing by amphibian species,
and causing behavioral and toxicological impacts on birds and mammals.

Similarly, air pollution from vehicle exhaust (volatile organic com-
pounds, nitrogen oxides, carbon monoxide, and particulate matter) can
alter the composition of roadside vegetation, promoting a few dominant
plant species at the expense of more sensitive species, such as ferns,
mosses, and lichens. This effect can extend up to 200 m from multilane
highways and up to 35 m from two-lane highways.

The underlying topography, aspect (the direction a site faces or its
exposure), geology, soils, ecological conditions, and land cover all influ-
ence how a road affects the environment. For example, the environ-
mental effects of a road that does not cross a river are different from the
effects of one that crosses a river several times in a few kilometers. New
patterns of water runoff can develop as the local topography is altered.
Aspect can influence how quickly snow and ice melt off the road and
adjacent surfaces. Original topography, geology, and soils often dictate
the road path and provide construction constraints or opportunities. The
environmental effects of a road also depend on the prevailing land cover
and use, such as wildlands, wetlands, agricultural lands, or a river valley
versus a ridge. In fire-prone landscapes, a road can serve as a firebreak if
the road is wide enough or as a source of fire initiation if access to the
surrounding environment is increased.

Ecological productivity is influenced by roads. The roadside be-
tween the paved road and prevailing land cover often has lower produc-
tivity and different composition than the surrounding landscape (espe-
cially for roads through forests). The native habitat conditions of a road-
side are frequently altered, but when the surrounding landscape is greatly
altered by development, roadsides can include some of the last remaining
habitats, especially for certain native plant species and some insects,
birds, and small mammals. Roadside areas can also facilitate the estab-
lishment of nonnative plants transported by vehicles, among other
mechanisms, including the clearing of land during road construction.
Biodiversity along roads typically is different from that in the surround-
ing landscape. Plants along roads must survive vehicular pollution, ex-
posure to bright sunlight, dry soils, and regular mowing. Roadside plant-
ings in the United States once consisted of grasses and herbs (often of
European origin) known to thrive in stressful conditions. Now there is
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an effort to plant vegetation along many highways, some of which is se-
lected because it is native to the United States (but not always from the
local area). The linear pathways of continuous terrestrial or aquatic habi-
tat adjacent to roads can serve as corridors for animal movement. Some
animals are attracted to roadside vegetation, road kill (an animal that has
been killed on a road by a motor vehicle), or the light and heat often as-
sociated with roads, and other animals are deterred by disturbances in the
road-effect zone.

The ecological effects of building a road typically exhibit several
time lags. Some effects of road construction are not realized until sev-
eral months or even decades after a road is completed as nearby trees and
other plants slowly die, although the most severe (condensed and sud-
den) effects typically occur when construction begins. Vegetation rees-
tablishment efforts may result in a quick pulse of plant growth after seed-
ing and fertilization, but the new equilibrium of vegetation along road-
sides usually takes some time to establish, particularly in locations with
steep slopes, rocky or nonorganic substrate, or other conditions that en-
courage roadside erosion.

Although most of the current and foreseeable transportation pro-
jects in the United States are along established roads, the increase in traf-
fic volume on these roads and the selection of sites for new roads bring
to the forefront the potential for new ecological impacts—and associated,
often delayed responses of the environment.

Understanding and Assessing Road Effects

As described above, a great deal is known about the ecological ef-
fects of roads, even though there is need for more and better information
about cumulative, long-term, and large-scale effects. The available in-
formation, much of it reviewed, summarized, and synthesized in this re-
port, should be used in all stages of road building and maintenance, in-
cluding planning.

From planning through construction stages, ecological indicators
are important in assessing road effects; however, determining the broader
and cumulative effects of roads and their corridors also is important and
often not captured by indicators. Ecological indicators are generally de-
veloped to quantify ecological responses to a variety of factors. Several
indicators have been proposed to measure or monitor ecological effects,
and some of them are applicable to the effects of roads.
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Ecological effects of roads at local scales (within a few kilometers
of the roads) have been widely studied, documented, and understood,
while effects at large scales are less documented and understood. More
is known about the effects of bridges, overpasses, and culverts on flows
of materials and organisms than about the effects of roads on larger pat-
terns and processes, such as watersheds or migratory pathways. The lack
of information at large scales is related to many factors, such as (1) legal
and policy directives that guide what components of ecosystems must be
considered; (2) planning and assessment practices that restrict scales; (3)
limitations of data, indicators, and methods at broad scales; and (4) lim-
ited financial and technical support for ecological investigations at large
scales.

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSION: Most road projects today involve modifications
to existing roadways, and the planning, operation, and maintenance of
such projects often are opportunities for improving ecological conditions.
A growing body of information describes such practices for improving
aquatic and terrestrial habitats.

Recommendation: T7he many opportunities that arise for mitigat-
ing or reducing adverse environmental impacts in modifications and re-
pairs to existing roads should not be overlooked. Environmental consid-
erations should be included when plans are made to repair or modify
existing roads, as well as when plans are made to build new roads.

CONCLUSION: Planning boundaries for roads and assessing as-
sociated environmental effects are often based on socioeconomic consid-
erations, resulting in a mismatch between planning scales and spatial
scales at which ecological systems operate. In part, this mismatch results
because there are few legal incentives or disincentives to consider envi-
ronmental effects beyond political jurisdictions, and thus decision mak-
ing remains primarily local. The ecological effects of roads are typically
much larger than the road itself, and they often extend beyond regional
planning domains.

Scientific literature on ecological effects of roads generally ad-
dresses local-to-intermediate scales, and many of those effects are well
documented. However, there are few integrative or large-scale studies.
Sometimes the appropriate spatial scale for ecological research is not
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known in advance, and in that case, some ecological effects of roads may
go undetected if an inappropriate scale is chosen. Few studies have ad-
dressed the complex nature of the ecological effects of roads, and the
studies that have done so were often based on small sampling periods
and insufficient sampling of the range of variability in ecological systems.

Recommendation: Research on the ecological effects of roads
should be multiscale and designed with reference to ecological condi-
tions and appropriate levels of organization (such as genetics, species
and populations, communities, and ecological systems.)

Recommendation: Additional research is needed on the long-term
and large-scale ecological effects of roads (such as watersheds, eco-
regions, and species’ ranges). Research should focus on increasing the
understanding of cross-scale interactions.

Recommendation: More opportunities should be created to inte-
grate research on road ecology into long-term ecological studies by us-
ing long-term ecological research sites and considering the need for new
ones.

Recommendation: Ecological assessments for transportation pro-
Jects should be conducted at different time scales to address impacts on
key ecological system processes and structures. A broader set of robust
ecological indicators should be developed to evaluate long-term and
broad-scale changes in ecological conditions.

CONCLUSION: The assessment of the cumulative impacts of
road construction and use is seldom adequate. Although many laws,
regulations, and policies require some consideration of ecological effects
of transportation activities, such as road construction, the legal structure
leaves substantial gaps in the requirements. Impacts on certain resources
are typically authorized through permits. Permitting programs usually
consider only direct impacts of road construction and use on a protected
resource, even though indirect or cumulative effects can be substantial
(for example, effects on food web components). The incremental effects
of many impacts over time could be significant to such resources as wet-
lands or wildlife.

Recommendation: More attention should be devoted to predict-
ing, planning, monitoring, and assessing the cumulative impacts of
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roads. In some cases, the appropriate spatial scale for the assessment
will cross state boundaries, and especially in those cases, collaboration
and cooperation among state agencies would be helpful.

CONCLUSION: The methods and data used for environmental
assessment are insufficient to meet the objectives of rapid assessment,
and there are no national standards for data collection. However, tools
for in situ monitoring, remotely sensed monitoring, data compilation,
analysis, and modeling are continually being improved, and because of
advances in computer technology, practitioners have quick access to the
tools. The new and improved tools now allow for substantial improve-
ments in environmental assessment.

Recommendation: Improvements are needed in assessment meth-
ods and data, including spatially explicit models. A checklist addressing
potential impacts should be adapted that can be used for rapid assess-
ment. Such a checklist would focus attention on places and issues of
greatest concern. A national effort is needed to develop standards for
data collection. A set of rapid screening and assessment methods for
environmental impacts of transportation and a national ecological data-
base based on the geographic information system (GIS) and supported
by multiple agencies should be developed and maintained for ecological
effects assessment and ecological system management across all local,
state, and national transportation, regulatory, and resource agencies.
Standard GIS data on road networks (for example, TIGER) could be in-
terfaced with data models (for example, UNETRANS) to further advance
the assessment of ecological impacts of roads.

Recommendation: The committee recommends a new conceptual
framework for improving integration of ecological considerations into
transportation planning. A key element of this framework is the integra-
tion of ecological goals and performance indicators with transportation
goals and performance indicators.

Recommendation: Improved models and modeling approaches
should be developed not only to predict how roads will affect environ-
mental conditions but also to improve communication in the technical
community, to resolve alternative hypotheses, to highlight and evaluate
data and environmental monitoring, and to provide guidance for future
environmental management.
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CONCLUSION: With the exception of certain legally specified
ecological resources, such as endangered or threatened species and pro-
tected wetlands, there is no social or scientific consensus on which eco-
logical resources affected by roads should be given priority attention. In
addition, current planning assessments that focus on transportation needs
rarely integrate other land-management objectives in their assessments.

Recommendation: A process should be established to identify and
evaluate ecological assets that warrant greater protection. This process
would require consideration not only of the scientific questions but also
of the socioeconomic issues. The Federal Highway Administration
should consider amending its technical guidance, policies, and regula-
tions based on the results of such studies.

CONCLUSION: The state transportation project system offers the
opportunity to consider ecological concerns at early planning stages.
However, planning at spatial and temporal scales larger than those cur-
rently considered, generally does not address ecological concerns until
later in a project’s development.

Recommendation: FEnvironmental concerns should be integrated
into transportation planning early in the planning process, and larger
spatial scales and longer time horizons should be considered. Adding
these elements would help to streamline the planning process. Metro-
politan planning organizations and state departments of transportation
should conduct first-level screenings for potential environmental effects
before the development of a transportation improvement plan. Transpor-
tation planners should consider resource-management plans and other
agencies’ (such as the U.S. Corps of Engineers, U.S. Environmental Pro-
tection Agency, U.S. Fish and Wildlife Service, and National Park Ser-
vice) environmental plans and policies as part of the planning process.
Other agencies should incorporate transportation forecasting into re-
source planning.

CONCLUSION: Elements of the transportation system, including
the types of vehicles and their fuels, will continue to evolve. Changes in
traffic volume and road capacity, mostly through widening of roads
rather than construction of new corridors, have smaller but nevertheless
important ecological effects compared with the creation of new, paved
roads.
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Recommendation: Monitoring systems should be developed for
the evaluation and assessment of environmental effects resulting from
changes in the road system—for example, traffic volume, vehicle mix,
structure modifications, and network adjustments. Data from monitoring
could then be used to evaluate previous assessments and, over the long
term, improve understanding of ecological impacts.

CONCLUSION: Much useful information from research on the
ecological effects of roads is not widely available because it is not in the
peer-reviewed literature. For example, studies documenting the effects
of roads on stream sedimentation have been reported in documents of
state departments of transportation, the U.S. Army Corps of Engineers,
and the World Bank. Although much of this literature is available
through bibliographic databases, it is not included in scientific abstract-
ing services and may not be accessible to a broader research community.
Also, the data needed to evaluate regulatory programs are not easily ac-
cessible or amenable to synthesis. The data are typically contained in
project-specific environmental impact statements, environmental assess-
ments, records of decision, or permits (for example, wetlands permits),
which are not easily available to the scientific community.

Recommendation: Studies on ecological effects of roads should
be made more accessible through scientific abstracting services or
through publication in peer-reviewed venues. The Federal Highway
Administration, in partnership with state and federal resource-
management agencies, should develop environmental information and
decision-support systems to make ecological information available in
searchable databases.

CONCLUSION: Transportation agencies have been attempting to
fill an institutional gap in ecological protection created by the multiple
social and environmental issues that must be addressed at all phases of
road development. The gaps often occur when problems arise that are
not covered by agency mandates or when agencies need to interact with
other organizations in new ways. Even when transportation agencies
work toward environmental stewardship, they cannot always do the job
alone.

Recommendation: Transportation agencies should continue to

expand beyond their historical roles as planners and engineers, increas-
ing their roles as environmental coordinators and stewards. Transporta-
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tion planners and natural-resource planners should collaborate to pro-
mote integrated planning at comparable scope and scale so that the ef-
forts can support mutual objectives. This collaboration should include
federal, state, and county resource-management agencies, nongovern-
mental organizations, and organizations and firms involved in road con-
struction. Incentives, such as funding and technical support, should be
provided to help planning agencies, resource agencies, nongovernmental
groups, and the public to understand ecological structure and function-
ing across jurisdictions and to interact cooperatively.
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Introduction

For at least the past four millennia, human development has been
intertwined with the development of roads. Two millennia ago, the Ro-
man culture made dramatic leaps in technological innovation to facilitate
transportation and expand its empire. The Romans built straight, narrow
roads to provide a stable base for moving humans, animals, and vehicles.
Their roads extended long distances, creating one of the first networks of
roads. With the development of roads and road networks, a variety of
interactions and ecological effects occurred. Their techniques of excava-
tion (including the removal of mountainsides), construction of bridges,
and changes in water flows affected the environment and wildlife (and
human) mortality. Many of these effects persist today.

The past century has seen a transformation in the magnitude and the
scale of paved roads in the world in general and in the United States in
particular. This transformation parallels the production and use of mo-
torized vehicles. Roughly a century ago, the first fossil-fueled vehicles
were being driven on a road system where the patterns on the landscape
were largely in place but undeveloped. In 1900, an extensive network of
roads existed, but only about 4% were paved (FWHA 1979). In the
twentieth century, the system about doubled in length (Forman et al.
2003) to a recent estimate of 4 million linear miles or about 0.8% of the
land surface area in the United States (Cook and Daggett 1995). As the
system was getting longer, it was also becoming more structurally com-
plex to provide for larger volumes of traffic and heavier loads. Those
complexities include larger, wider roads with changing techniques of
construction and greater structural stability. Some of these changes were
done, in part, to accommodate and mitigate environmental issues.

As the road system became more complex in the twentieth century,
it became more expensive to build, repair, and maintain. Road develop-

14
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ment in the early 1900s relied on local or private sources of funding.
Funding is now derived from a variety of sources, and a large percentage
originates from federally collected sources, particularly user-related fees
on gasoline and transport equipment. Since the passage of the Transpor-
tation Equity Act for the Twenty-First Century (TEA-21), investment in
highway infrastructure has increased; for example, investment increased
by 14% between 1997 and 2000 (FHWA 2002a). Capital spending on
highways totaled about $64 billion in 2000, but that amount is unlikely to
meet future needs for maintenance (FHWA 2002a).

The process by which these monies are spent to administer, plan,
select, and build projects and maintain roads is a complicated maze of
bureaucracy. The process is centered in states—with some variation
among states in planning and implementation—and involves five inter-
acting groups: federal government, state government, metropolitan plan-
ning organizations, local government, and the public (Forman et al.
2003). These governments share funding of administration, construction,
planning, and maintenance in various ratios. Governments construct and
maintain roads to provide a number of social benefits, such as providing
mobility, transporting goods and people, and sustaining economic
growth. One of the considerations in the process of road development is
the recognition and management of environmental concerns.

All phases of road development—from construction to vehicle
use—change ecological conditions of an area. Roads change abiotic
characteristics of the environment—from physical to chemical soil con-
ditions to alterations in water flow and water quality. Vehicle use on
roads contributes to air and water quality degradation (Forman et al.
2003). Other direct changes to the biotic components of ecosystems in-
clude alteration of habitats, increased wildlife mortality, and dispersal of
nonnative pest species (plants and animals). At larger scales, roads can
affect migration patterns (Forman et al. 2003).

Integration of environmental effects into all phases of transportation
efforts has been part of an ongoing process for several decades. These
efforts attempt to form a bridge between the transportation policy arena
and the environmental science community. Federal legislation has long
directed the Federal Highway Administration (FHWA) and recipients of
federal funding to consider environmental factors when planning trans-
portation systems and specific road projects. During the 1990s, the In-
termodal Surface Transportation Equity Act and the TEA-21 (FHWA
2001a) contained provisions addressing environmental considerations for
both transportation planning and project implementation. Combined
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with programs to address cleaner fuels and cleaner vehicle emissions,
many programs have aimed at addressing and reducing the environ-
mental impacts associated with roads and the mobility roads provide. At
the same time, there have been efforts to streamline environmental re-
view processes to reduce red tape, paper work, and delay in project re-
views without compromising environmental protections. Striking a bal-
ance between competing factors and policies has been and remains a
daunting challenge.

The consideration of environmental issues in the road development
process has been a source of debate. Some argue that dealing with envi-
ronmental concerns adds unnecessary time and cost to road projects
(GAO 2003). Others contend that it is just one of many factors that pro-
tract projects. Recent work by FHWA suggests that streamlining envi-
ronmental considerations is possible through effective planning and
coordination.

Research on road effects has been conducted for decades, but a lar-
ger emphasis has been placed on investigating road ecology in the past
decade. Forman et al. (2003) provided a compilation of the ecological
effects of roads, assessing the direct and indirect effects on vegetation,
animals, and abiotic influences across a range of scales. They also ar-
gued for the development of a discipline of road ecology that combines
an improved understanding of ecological effects with all dimensions (as-
sessment, planning, coordination, construction, and management) of road
development.

Suggestions on how environmental and transportation concerns can
become more integrated have also been addressed by governmental and
nongovernmental agencies. In a report published by the Transportation
Research Board, Evink (2002) suggested that many issues associated
with wildlife can be addressed through early planning or context-
sensitive design, where structural solutions can mitigate some effects.
White and Emst (2003) recommended a number of ways to mesh con-
servation and transportation objectives, including integrated planning,
conservation banking, agency coordination, wildlife crossings, and native
vegetation management.

As more resources go toward road construction and management
and as knowledge about the ecological effects of roads increases, the
conflicts between the societal goals of developing transportation infra-
structure and maintaining ecological goods and services (for example,
soil production [a good] from decomposition of plant matter [a service])
become more apparent. Reconciling the conflicts is made more difficult
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by the lack of knowledge of some ecological changes caused by roads—
especially local, site-specific changes and processes at all appropriate
ecological scales—and by the demand for rapid, efficient use of human
resources for road development. The question is how can efficient use of
resources in road planning, construction, and use be increased while at-
tempting to conserve critical ecosystem structure, functioning, and
services?

COMMITTEE CHARGE AND RESPONSE

The increasing importance of the relationships of transportation fa-
cilities to the surrounding natural communities and their wildlife has
been recognized by FHWA and state transportation agencies. The im-
portance of transportation corridors and infrastructure was pointed out by
the National Research Council (NRC 2000a) when it called them glob-
ally significant. The importance of this issue was reflected by congres-
sional action in Section 5107(b)(4) of the TEA-21 (PL 105-178), which
required the secretary of transportation to “study the relationship be-
tween highway density and ecosystem integrity, including the impacts of
highway density on habitat integrity and overall ecosystem health, and
develop a rapid assessment methodology for use by transportation and
regulatory agencies in determining the relationship between highway
density and ecosystem integrity.” Section 5107(d) of TEA-21 authorizes
the secretary to fund a study of this relationship by the National Acad-
emies through a grant or cooperative agreement. In response, FHWA
asked the National Academies to direct its investigative arm, the NRC, to
review the scientific information on the ecological effects of road den-
sity. See Box 1-1 for details of the charge to the committee and Box 1-2
for the committee’s definition of paved roads.

In 2002, the NRC formed the Committee on Ecological Impacts of
Road Density, a panel of 14 members that included a experts in envi-
ronmental engineering, highway construction and engineering, land-use
change, wildlife ecology, endangered species, habitat evaluation model-
ing, habitat impact assessment, economic development and planning,
environmental law and policy, and biodiversity conservation (see Ap-
pendix A).

The committee held three public meetings—Washington, DC, Ir-
vine, CA, and Seattle, WA—to collect and review available scientific
information, hear briefings from scientists and transportation profession-
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BOX 1-1 Statement of Task

A multidisciplinary committee will be established to review the scien-
tific information on the ecological effects of road density, including the
impacts of roads and highway density on ecosystem structure and func-
tion and on the provision of ecosystem goods and services. The com-
mittee will focus on hard-surfaced roads and will assess data and eco-
logical indicators needed to measure those impacts. Cumulative effects
will be considered. The proposed study will also provide a conceptual
framework and approach for the development of a rapid assessment
methodology that transportation and regulatory agencies can use to as-
sess and measure ecological impacts of road density. To the degree
that the committee can identify documentation of their effectiveness, it
will consider the potential ameliorating effects of measures that might
avoid, reduce, or compensate for the effects of highways and highway
density on the structure and processes of ecosystems.

The committee will consider such questions as the following:

1. What are appropriate spatial scales for different ecological proc-
esses that might be affected by roads?

2. The importance of various ecological models and their appropri-
ateness to the analysis (e.g., NRC 2000a).

3. The applicability of various ecological indicators, such as those re-
cently recommended by the National Research Council (NRC 2000b).

4. The degree to which the national, regional, and local environmental
concerns expressed in such laws as the Endangered Species Act and
the Clean Water Act are relevant to the ecological effects of roads.

The study will focus on all classes of hard-surfaced roads. The
committee will consider and describe as possible the various attributes of
roads that have ecological significance, such as how the right-of-way is
managed, surface composition, and the presence or absence of struc-
tures, such as overpasses and underpasses. It will consider the impor-
tance of the pattern of road layout on ecological systems. It will not ad-
dress global or regional climate effects, since they are being studied un-
der other initiatives. However, local climate effects are appropriate in the
scale of individual project design, construction, and use and are directly
related to ecosystem performance in both long- and short-term contexts.

als, and receive oral and written testimony from the public. The meet-
ings included field site visits to transportation projects. The committee
met two more times in executive session to complete its report.
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BOX 1-2 Definitions of Paved Roads

A paved road is any road that is described by the following cate-
gories (FHWA 2002a):

LOW TYPE: an earth, gravel, or stone roadway that has a bitumi-
nous surface course less than 1 inch (in.) thick suitable for occa-
sional heavy loads.

INTERMEDIATE TYPE: a mixed bituminous or bituminous penetra-
tion roadway on a flexible base having a combined surface and base
thickness of less than 7 in.

HIGH-TYPE FLEXIBLE: a mixed bituminous or bituminous penetra-
tion roadway on a flexible base having a combined surface and base
thickness of 7 in. or more; it also includes brick, block, or combina-
tion roadways.

HIGH-TYPE COMPOSITE: a mixed bituminous or bituminous pene-
tration roadway of more than 1 in. compacted material on a rigid
base with a combined surface and base thickness of 7 in. or more.

HIGH-TYPE RIGID: a hydraulic cement concrete roadway with or
without a bituminous wearing surface of less than 1 in.

The focus of the committee’s work was on the ecological effects of
federally funded, major paved roads within the United States road net-
work—for example, highways in urban and rural locations. The commit-
tee limited its focus to highly urbanized street networks. The committee
recognizes that paved roads run through a range of conditions, from un-
developed areas (such as, parklands or conservation areas) through rural
and agricultural lands to high density, urban development. More is
known of the ecological effects of roads in undeveloped and rural areas
than in highly urbanized areas. Some effects, such as air pollution and
noise, increase with development. Legal requirements, policy frame-
works, planning and assessment that address ecological issues also vary
by context. Hence, some topics in this report focus on undeveloped and
rural areas, and others focus on urban settings.

It was outside on the committee’s charge to consider the ecological
effects of large networks of roads that are not paved, such as those found
in federal wetlands, forestlands, wilderness areas, farm roads, or state-
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level categories. Global climate effects, either how potential climate
changes might effect road ecology or how road ecology might influence
climate were also not included in the committee's charge. Local (smaller
than meso-scale) climate interactions with road ecology are included in
this report.

The committee was not formed to address the diversity of political,
social, and economic factors that relate road development and traffic
flow to urban sprawl or suburban growth, and these issues are not ad-
dressed in the report. The committee also did not consider the extremely
important topic of human ecology in this report. Human ecology in-
cludes social, cultural, economic, and political dimensions, and it is im-
portant in rural and urban environments. The disruption of human com-
munities—especially in urban areas—is well documented, but roads can
profoundly affect humans even in remote, sparsely populated areas such
as Alaska’s North Slope (e.g., NRC 2003). Roads obviously have enor-
mous effects on commerce, many of which are by design, but many of
their effects are unintended or indirect. The topic is broad and complex
enough to warrant its own committee report. Such a committee would be
constituted very differently from this one, and that is the main reason that
the topic is not discussed in detail in this report. The committee was not
constituted to address other important quality-of-life factors such as
safety; efficient movement of vehicles; and protection of farmlands, pub-
licly owned recreation lands or scenic, historic, and cultural areas. Nor
does it address such important considerations as project and other related
costs; statewide, regional, and local planning goals; and the economic
viability of the communities of users.

This report strives to highlight the ecological effects of highways
that should be evaluated throughout the decision-making process in the
planning, design, construction, and maintenance of highways.

The term road density is used in the charge to the committee. For-
man et al. (2003) defined the term as “the average total road length per
unit area of landscape,” which is intuitively appealing because it is easy
to measure. That definition is used fairly widely in the literature on the
ecological effects of roads. However, roads also have width, which can
vary widely, and therefore lane miles per square mile (or lane length per
unit area) is a better measure of density. That measure takes into account
the differences between major multilane expressways and two-lane rural
roads, as well as any road in between. Therefore, when this committee
discusses road density in general, lane length per unit area is meant.
However, it often is more difficult to obtain information on lane length
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than on road length, and many studies considered in this report use road
length only. In specific cases where other studies are cited, the definition
of road density used in those studies is specified.

The concept of road density was developed as a way of quantifying
one aspect of a road network, and therefore the term is applicable only at
scales larger than a road segment or for a system of roads. The term road
density may be appropriate for measuring the structure of some existing
road networks (especially those few urban or rural systems in a rectilin-
ear grid), but it is not the only measurable term that could be used to de-
scribe road pattern and structure. The term may also be useful for assess-
ing some ecological effects (such as a surrogate of impervious surface).

However, in attempting to evaluate road density, the committee
came to recognize that the term does not refer to a simple or single vari-
able. Density includes length, width, number of intersections, and other
related variables. Although the meaning of the term was reasonably
clear in some cases, such as in its relevance to the number of lanes in a
highway, the committee often had difficulty identifying a good way to
make comparisons. For example, the concept of road density alone does
not allow a useful comparison of the effects of two road networks, one of
which consists of many narrow roads that have little traffic and one of
which has fewer roads that are wider and heavily traveled. In another
example of using the concept of density alone, it is unclear how the ef-
fects of one 8-lane highway can be compared with those of two 4-lane
highways. In the above comparisons and in many others, the roads must
be observed on the ground and their specific effects studied.

Therefore, the committee has not devoted a great deal of attention
in this report to density per se but has focused on variables that contrib-
ute to density, such as highway length, portion of land covered, nature of
interchanges, and so on. It also has used the broader concept of scale for
evaluating environmental effects. In a few cases, however, density is a
tractable and useful way to think about the ecological effects of roads.

The committee was asked to consider the cumulative effects of
roads. Cumulative impact is defined by the Council on Environmental
Quality as “the impact on the environment which results from the incre-
mental impact of the action when added to other past, present, and rea-
sonably foreseeable future actions regardless of what agency (Federal or
non-Federal) or person undertakes such other actions.” Cumulative ef-
fects can result from individually minor but collectively significant ac-
tions taking place over a period of time. The term ensures that environ-
mental impacts of federal actions, such as transportation projects, are
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considered in connection with other activities that can affect the same
environmental resources. In this report, the committee considers the
concept of cumulative effects more broadly than the regulatory definition
to look at effects that arise from synergistic interactions, involving mul-
tiple factors and occurring over large spatial and long time scales. In
assessing and managing cumulative effects, especially in response to le-
gal and regulatory requirements, this committee agrees with an earlier
NRC (2003) committee that it is helpful to focus “on whether effects un-
der consideration interact or accumulate over time and space, either
through repetition or combined with other effects, and under what cir-
cumstances and to what degree they might accumulate.” For an exten-
sive discussion of cumulative effects assessment, see NRC (2003).

Ecosystem goods and services are terms used to describe those
structures or processes that provide support for a variety of human en-
deavors (Daily 1997). This utilitarian construct, originally described by
Daily (1997), defines components of ecological systems in terms of how
they benefit and support human life. Ecosystem services include water
purification, flood and drought mitigation, climate stabilization, carbon
sequestration, waste treatment, biodiversity conservation, soil generation,
disease regulation, pollination, maintenance of air quality, and the provi-
sion of aesthetic and cultural benefits. Ecosystem goods are produced by
these services and include food, fiber, timber, genetic resources, and
medicines. Most ecosystem goods are direct inputs into economic sys-
tems. The committee assumed that ecosystem goods and services are
fairly well correlated with ecological structure and functioning. Some of
the report addresses how these goods and services interact with road
ecology. For the most part, however, the report focuses on ecosystem
structure and functioning.

In evaluating the ecological effects of roads, the physical, socio-
economic, and legal contexts in which the roads are situated are impor-
tant. Each context has spatial and temporal dimensions.

The spatial context is largely determined by the physical conditions
of the environment. Topography, aspect (a position facing in a particular
direction or exposure), underlying geology, stream network, and soils all
influence how a road affects the environment. For example, the interac-
tion between an environment and a road that does not cross a river is dif-
ferent from that between an environment and a road that crosses a river
six times in 10 kilometers (km). Aspect can influence how quickly snow
and ice melt off the road surface and thereby affect driving conditions,
which influence both traffic speed and volume. Rapid snowmelt could
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also affect stream hydrographs. Original topography, geology, and soils
dictate the road path and provide construction constraints or opportunities.

Roads change the local physical environment by interacting with
underlying topography, aspect, geology, soils, ecological conditions, and
land cover. For example, new patterns of water runoff can develop as
the local topography is altered, and those changed patterns can result in
altered storm hydrographs, changed groundwater recharge, and increased
delivery of sediments and contaminants.

The effects of a road also depend on the prevailing type and inten-
sity of land cover and land use. Environmental effects are largely influ-
enced by whether a road runs through wildlands (removing natural habi-
tats and opening up new areas to human access), wetlands, agricultural
lands, or a river valley or whether it lies on a ridge. In fire-prone land-
scapes, roads can serve as a firebreak if the road width is enough to deter
spread of ground fires.

Ecological productivity is also influenced by the presence of roads.
The roadside between the paved road and original land cover often has
lower productivity than the surrounding landscape (especially for roads
through forests). Roadside maintenance is designed for driver safety and
often involves the use of chemical deterrents or mechanical removal of
vegetation. The linear pathway along a road can serve as a corridor for
movement of native and nonnative plants and animals. For example,
some highways in Georgia are bordered by the kudzu vine, which was
introduced and grows into the native pine canopy and eventually kills the
trees.

Biodiversity along roads typically is quite different from the sur-
rounding landscape. Plants along roads tolerate vehicular pollution, ex-
posure to bright sunlight, dry soils, and regular mowing. Roadside plant-
ings in the United States once consisted of forbs and herbs (often of
European origin) known to thrive in extreme conditions. Now there is an
effort to plant vegetation along many highways, some of which are se-
lected because they are native to the United States (but not always from
the local area). For example, California poppies are now abundantly
grown outside their original range. Sometimes roadsides function to pro-
tect native plant communities and may be the only way some plants are
protected from land alteration. Some animals use habitats found near
roads, such as deer feeding on vegetation, snakes basking, or many ani-
mals feeding on road kill (an animal that has been killed on a road by a
motor vehicle). Some animals appear indifferent to a road, and other
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animals shy away from the noise and chemical pollution from surfaces
and vehicles.

To capture the diverse effects of roads on their environment, For-
man et al. (2003) refer to a “road-effect zone” over which significant
ecological effects occur. Those effects can include changes in the abun-
dance (or even presence) of plants and animals; barriers to movement of
both terrestrial and aquatic animals; changes in water levels, flows, and
water quality; and other habitat changes that affect populations and bio-
logical communities. Because these factors vary over space, the road-
effect zone is usually asymmetric extending outward on either side of the
road, with varying zone boundaries.

Temporal changes on the land are influenced by roads. The eco-
logical impact of building a road occurs with several time lags in re-
sponse. Some effects of road construction are not realized for several
decades after a road is completed, when trees and other plants die and
wildlife mortality affects population persistence. Reestablishment efforts
may result in a quick pulse of plant growth after seeding and fertilization,
but the new equilibrium of vegetation along roadsides may take some
time to establish.

The existing road system and the addition of new roads to that sys-
tem often have different impacts and management options. Although
most current and foreseeable road projects in the United States are along
established roads, the selection of sites for new roads carries the potential
for new ecological effects. New roads can affect the movement of plants
and animals and change the physical environment, as can increases in
traffic volume on existing roads.

Ecological indicators are important in assessing the effects of roads
during planning through construction stages of road projects, and they
are important in determining the broader and cumulative effects of the
road and its corridor. Ecological indicators are generally developed to
quantify the ecological response to a variety of factors (Hunsaker and
Carpenter 1990, Suter 1993) and are further discussed in Chapter 7.

WHAT IS DIFFERENT AND NEW IN THIS REPORT?

This report attempts to provide guidance on reconciling the differ-
ent goals of road development and of environmental conservation in two
ways. The use of scale is an important factor in understanding the eco-
logical context of roads, and the integration of social and ecological di-
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mensions is important in assessing, constructing, and managing road
ecology. These themes are discussed in the following sections.

Scales of Observation

In traditional use, the word scale has at least two meanings. One
defines a unit of measurement. A meter and a foot are different scales,
and measures of objects are made using multiples or fractions of these
units. For example, the paved surface of a typical two-lane highway is
about 26 feet (ft) or 8 meters (m) wide. The other definition of scale has
to do with relationships among units and is derived from the Latin word
scalaris for ladder, which is used for such items as the scale of a map.
For example, the scale of a road map is 1:50,000, where 1 inch (in.) on
the map equals 50,000 in. on the ground.

In this report, two terms, grain and extent (O’Neill et al. 1986), are
associated with scale. A grain is defined as the unit of the smallest reso-
lution within a data set and is similar in meaning to the first definition of
scale in the preceding paragraph. Grain and extent can be applied along
either temporal or spatial dimensions and thus are useful descriptors in
assessment and planning. In one-dimensional spatial data, such as a
transect, the grain is the unit of measure or step length. In two-
dimensional spatial data, such as a map, a pixel or grid cell size is the
grain of the data set.

The extent of a data set defines the bounds in space or time. The
extent could be the length of a transect for one-dimensional spatial data.
For two-dimensional spatial data, the extent is defined as the window of
the map. In temporal data, the grain is usually defined as the minimal
time unit, such as minute, day, or year, and the extent is the period of
record used in analysis. Therefore, scale is defined here by two compo-
nents: the grain and extent.

As a demonstration of these meanings of scale and its relevance to
road ecology, consider the set of Figures 1-1 through 1-8. The concept
of viewing the world at different scales was originated by Boeke (1957)
and can be found in a book and video called Powers of Ten by Morrison
and Morrison (1982). Both works generated a set of images that were
differentiated in size by an exponent of 10 (10', 10%, 10°, and so forth).
In this sequence, there is a photograph of the center of a road on the
campus of Emory University in Atlanta, Georgia (Figure 1-1). The ex-
tent of the photograph is 1 m, a grain being about 2 millimeters (mm).
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Each subsequent image increases the extent by an order of magnitude or
power of 10 (for example, 10 m, 100 m, 1 km, and so forth) while retain-
ing roughly the same central point. The sequence ends with an image of
North America—an extent of about 10,000 kilometers (km). The set of
images provides a glimpse into the complexity of the ecosystems at each
of the scales.

Figures 1-1 through 1-8 depict distinct changes in structures as the
scale of observation changes over 8 orders of magnitude. At the smallest
or finest scales, the road surface is visible (Figure 1-1). Road struc-
tures—markings, sidewalks, curbs—are apparent in the next scale (Fig-
ure 1-2). As the scales become larger, buildings, parking garages, ath-
letic fields appear (Figure 1-3); then road networks appear through cam-
pus and suburban neighborhoods and metropolitan features appear—
areas of intensive development that are linked by roads (Figure 1-4);
road patterns are evident, yet individual roads are scarcely visible (Figure
1-5); land uses of urban areas, suburban housing, agricultural fields, and
forests appear (Figure 1-6); geological and hydrological features, such as
mountains ranges and coastlines, with large urban areas are still visible
(Figure 1-7); and finally, geomorphological structures and land, ocean,
and atmosphere interactions that mediate climate change and sea-level
change appear (Figure 1-8).

Examination from the perspective of a square meter in the middle
of a road to that of a continent reveals three observations. First, as the
extent and grain of scale increases, distinct objects appear and persist
over distinct scale ranges and are replaced by others that are either ag-
gregates of objects at smaller scales or new objects. For example, the
double strip marking in the center of the road is no longer visible at ex-
tents of a kilometer, and road segments visible at smaller extents aggre-
gate to become road networks in larger extents. At each such range of
scales, the identifiable objects have geometric properties. For example,
the metric of road density is only applicable at scales with extents greater
than about 1 km. The second observation is that the patterns and struc-
tures change across scales; that is, these complex systems are not self-
similar and amenable to simple scaling relationships. Ecological struc-
tures persist over given scale ranges, then change as the sets of processes
that organize those structures change.

For example, the effects of runoff from a road on accumulation of
toxic material and subsequently on individual plants may include several
scale ranges.
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FIGURE 1-1 Photograph of double yellow line in the center of a road, Emory
University campus, Atlanta Georgia. Window size (extent) of photograph is 1 m
x 1 m. Source: Photograph by L. Gunderson.

The chemistry of interactions among compounds occurs at small
scales (orders of magnitude smaller than the first image (Figure 1-1).
Effects of toxins on individual biota are evaluated at scales depicted in
Figure 1-1 or 1-2. At scales of the region (Figure 1-7), local accumula-
tions of toxins may be undetectable. The third observation is that the
effects change with scale and medium (water, air, or land). Human ef-
fects on the atmosphere cross a wide range of scales—exhausts from in-
dividual vehicles can accumulate and aggregate to have planetary effects
on atmospheric carbon dioxide and other greenhouse gases. Human in-
fluence on land, however, appears more local. For example, roads and
even road networks affect hydrological and geological processes but only
at scales up to a watershed and not at continental scales.

The sequence of photographs suggests that road structures and at-
tributes vary with scale. The attributes of paved roads (materials of as-
phalt, gravel, and concrete) and thicknesses are described in spatial ex-
tents of observation from millimeters to centimeters. At scales of centi-
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FIGURE 1-2 A larger segment of the road as seen in Figure 1-1. The entire
width of the road, sidewalks , and shadows of trees are visible. Extent of photo-
graph is 10 m x 10 m. Source: Photograph by L. Gunderson.

meters to meters, road markings, curbs, drains, and culverts are objects
of design and construction. At scales of a few meters, the structures of
pavement width, shoulders, travel lanes, and paved envelope are ger-
mane. Many of the ecological effects are contained within a kilometer of
the paved roads, an area often referred to as the road-effect zone. At
scales of multiple kilometers, road densities, patterns, traffic use, and
alignments are elements of the road system.

These simple models of scales—especially scales at which roads affect
ecological systems—and the integration of different disciplinary approaches
to road ecology lay the foundation for the discussions in this report.

Integration of Ecological and Social Systems

Perhaps one of the most difficult challenges facing society is the in-
tegration of human-development activities and ecological-resource con-
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FIGURE 1-3 A larger (longer segment) of road on Emory campus. The road
divides a parking deck on top and athletic field on bottom. Extent of photograph
is 100 m x 100 m. Source: USGS 2004.

servation. This challenge is particularly true of all phases of roads—
from construction to use to removal—as all of these actions interact with
and alter ecological systems (Forman et al. 2003).

Ecological systems are defined as systems comprising biotic (or-
ganisms) and abiotic (physical) components (Odum 1983). The biotic
components interact with abiotic components (such as solar energy, wa-
ter, air, and nutrients) in ways that generate complex and diverse struc-
tures. The interaction between structures and processes has been de-
scribed as self-organization (Odum 1983; Levin 1999), where structure
and process mutually reinforce one another. In the context of this report,
the committee uses the term ecological systems to describe organiza-
tional units that cover a wide range of spatial scales, from centimeters
(such as a Petri dish) to thousands of kilometers (the Pacific Ocean).
Even though ecological systems are not restricted to any particular tem-
poral or spatial scale, the spatial scale and time are two key dimensions
(measurable extent) for understanding ecological systems. The compo-
nents of a generic forest ecosystem also cover wide ranges of scale, as

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

30 Assessing and Managing the Ecological Impacts of Paved Roads

FIGURE 1-4 At this scale of photograph, most of the buildings that make up
the central campus of Emory University can be seen embedded in a network of
roads. The neighboring suburban areas border the campus. Extent of photo-
graph is 1 km x 1 km. Source: Photograph courtesy of Emory University Fa-
cilities Management.

shown in Figure 1-9. Some of these structures cover only a distinct
range of scales due to processes that limit size. Cells, leaves, and trees
are limited in size. Other structures and processes have wide ranges of
scale. Emissions from the combustion of fossil fuels can aggregate to
produce global scale effects.

A human social system is defined as a group of people who share
understanding, norms, and routines to accomplish activities or fulfill key
functions (Westley 2002). They may be organized to achieve goals or
objectives or fulfill other needs. Ecological systems are organized
around space and time dimensions, and human systems are organized
around the number of people. They may be as small as a family of two
or as large as a nation.

There are several ways to conceptualize the relationship between
ecological and human social systems.

The most appropriate approach for this report is a “linked” system
perspective and suggests that ecological and human components have a
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FIGURE 1-5 At an extent of 10 km x 10 km, the road patterns around Emory
campus are evident, yet individual roads are scarcely visible. The high-density
suburb of Atlanta indicates a mix of land-use types and economic activity.

Source: Photograph courtesy of Emory University Facilities Management.

set of rules and structures and that it is most important to focus on link-
ages and feedbacks between these components. Berkes and Folke
(1998), NRC (1999), and Gunderson and Holling (2002) all underscore
the need for new science and approaches to understand the dynamics and
complexities of these linked systems of people and nature. For example,
Sutter (2002) traces the roots of the wilderness movement as a response
to road construction in the early twentieth century. The committee
adopts a linked perspective in this report and develops it in subsequent
chapters.

ORGANIZATION OF REPORT

This report addresses and is limited to the statement of task as
agreed on by the NRC and FHWA. To address how ecological consid-
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FIGURE 1-6 At an extent of 100 km % 100 km, the urban imprint of Atlanta is
visible. The light (white) areas are highly reflective areas of concrete and
pavement. Traces of roads are still visible, as are the forest covers (dark) and
agricultural areas. Source: USGS 2004.

erations could better be integrated into all phases of road development—
assessment, planning, construction, and management—the remainder of
this report is structured in seven chapters.

Chapter 2 provides a brief history and baseline description of the
current state of the road system in the United States. The description
includes function definitions of types of road systems (interstate, arte-
rials, and collectors), the layout or patterns of roads, and ownership and
maintenance responsibilities. Chapter 2 also describes the current status
of pavement, bridge conditions, and future projections of spending and
other required capital investments.

Chapter 3 addresses the effects of roads on ecological conditions by
using spatial scale to sort ecological effects. It also examines how eco-
system goods and services are altered by road activities. The focus of the
chapter is a literature review of the documented changes in ecological
structure and functions (and goods and services) by scale of impact. A
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FIGURE 1-7 At an extent of 1,000 km x 1,000 km, geological features domi-
nate. The large urban areas of the southeastern United States are seen as white
clusters. Rivers, coastlines, and mountains are also seen. Source: USGS 2004.

large part of the scientific knowledge of ecological effects of roads has
been based on short-term studies focused on narrowly defined objectives
and have generally been related to specific construction or planning
needs. As a result, little is known about ecological effects that occur
over large spatial areas or long (decades) time frames. Ecological condi-
tions are affected not only by the construction of the road and road ap-
purtenances (bridges) but also by the traffic on the road and, at larger
scales, by increases in road density. The committee’s review has shown
the ecological effects of roads to be much larger than the road itself and
can extend far beyond regional planning domains. Many studies have
failed to address the complex nature of the ecological effects of roads.
Studies assessing ecological effects are often based on small sampling
periods and therefore do not adequately sample the range of variability in
ecological systems. Little is known about how roads affect the different
components of biodiversity (genetic, species and population, community,
and ecosystem). Information on the resiliency of biodiversity compo-
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FIGURE 1-8 At an extent of approximately 10,000 km x 10,000 km, clouds
and atmospheric structures appear as well as the entire continent of North Amer-
ica. Source: Davis and Ogden 1994. Reprinted with permission; copyright
1994, St. Lucie Press, Delray Beach, FL.

nents to road-related disturbances is needed to better understand the ef-
fects of roads on ecological systems.

Chapter 4 outlines existing and potential opportunities at different
scales for mitigating the ecological effects associated with three major
phases of road projects: planning, construction, and maintenance.

Chapter 5 reviews the existing laws, regulations, and policies and
their influence on the interaction between ecology and roads. Although a
wide range of laws, regulations, and policies require some degree of con-
sideration of ecological effects of road construction, the existing legal
structure leaves significant gaps. Road projects need only permits to af-
fect certain types of ecological features—wetlands, endangered species,
and migratory birds—and generally at a small scale. Moreover, the per-
mit programs generally only consider direct effects of road construction
or use on the protected resource. With few exceptions (for example, wet-
lands and endangered species), existing law authorizes ecological con-
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FIGURE 1-9 Ecological hierarchy indicated by the spatial and temporal scales
of vegetation structures (needles, patches, and forests), disturbance processes
(fire), and atmospheric structures (fronts).

cerns to be balanced with goals of transportation mobility, capacity, and
other social needs in determining whether and how to undertake trans-
portation projects. This can create controversy between supporters of a
project and opposers who raise issues of ecological protection. These are
primarily federal level acts that either directly or indirectly influence ac-
tivities at smaller spatial scales.

Chapter 6 addresses the current practices of planning and assessing
road projects. Large-scale planning processes (such as long-range trans-
portation plan) are required to address only air quality issues (such as
attainment of standards) and generally do not address other environ-
mental issues. Integration of environmental concerns into transportation
planning should be done earlier in the planning processes. Such organi-
zations as the metropolitan planning organizations should conduct first-
level screenings for environmental considerations in transportation im-
provements before the development of a transportation improvement
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program (TIP). TIP is a fiscally balanced, itemized list of all federal and
regionally important state-funded transportation projects planned for the
metropolitan area usually covering 2 years. Federal transportation agen-
cies, such as FHWA and Federal Transit Administration, require that all
projects using federal funds come from an adopted transportation im-
provement program. Transportation and conservation planning at the
state level should be integrated. Further development of a first-level
screening assessment (rapid assessment) should be conducted for use
early in the planning process. To streamline environmental assessments,
two steps are needed: (1) more spatial and temporal environmental data
should be gathered, and (2) a set of models must be developed for using
those data in assessments to address concerns dealing with scale, feed-
backs, and mixed criteria for environmental protection. Transportation
agencies have an opportunity to be information brokers and to foster
planning forums that integrate environmental planning and assessment
across governmental agencies, nongovernmental organizations, stake-
holders, and the public. This chapter describes the new and emerging
technologies that could be used to improve the practices. It also de-
scribes some conceptual approaches to achieve better integration of so-
cial and ecological objectives and to assess environmental concerns of
road projects.

Chapter 7 attempts to integrate the findings from the previous chap-
ters, and Chapter 8 presents the conclusions and recommendations that
are identical to those in the summary.

Ecological systems cover wide ranges of spatial and temporal
scales. The complexity and cross-scale interactions in ecological sys-
tems generates problems for assessment and planning. Multiple assess-
ments must be developed, each at different spatial and temporal scales to
address key ecosystem processes and structures. Ecological concerns
should be included early in the assessment and planning processes. Al-
though great progress has been made in understanding and mitigating
effects of roads, much more is needed. The development of a broader set
of robust ecological indicators and learning-based institutions will help
facilitate assessment and planning. Better integration of the social insti-
tutions will likely require the development of new relationships among
existing institutions. Transportation agencies have an opportunity to play
a key role in interconnecting and integrating planning and management
of environmental issues. New types of institutions are needed to address
the mix of socioeconomic and ecological concerns.
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History and Status of the
U.S. Road System

INTRODUCTION

The road system in the United States has evolved over time to a
complex network of physical structures that include roads, bridges, and
overpasses, all designed to carry an enormous amount of traffic. The
system has been created and continues to be changed and maintained by
an equally complex set of human systems, centered on a hierarchy of
governmental agencies with their associated financial support. The road
system provides unlimited access for millions of Americans. The current
system of paved roads handles a volume of traffic on the order of 2.9 x
10" vehicle miles per year,' or about 8 billion vehicle miles per day
(DOT 2003).

The first section of this chapter presents a brief history of the sys-
tem. The second section defines terms relevant to the system and their
spatial patterns at different scales. The third section describes ownership
and maintenance responsibilities. The fourth section assesses the current
status of the road system, which is still undergoing modest growth and
requires many resources to maintain, operate, and repair.

A BRIEF HISTORY OF THE U.S. ROAD SYSTEM

We provide this brief historical overview for three reasons: (1) to
show that the layout of the current road system is unlikely to change

" One vehicle traveling 1 mile constitutes a vehicle mile.

37
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dramatically and that most development will be done along the current
spatial template; (2) to show that the road system is carrying an increas-
ingly heavy load, thus increasing congestion; and (3) to show that in-
creased maintenance is required because of the aging road system. As
we point out later, maintenance provides opportunities for mitigating or
reducing the adverse ecological effects of roads, and such opportunities
should be taken advantage of.

A large and extensive road system was already in place in the
United States when cars became a major mode of transportation in the
early twentieth century. The pattern of the system mirrored land uses
and transportation corridors of the nineteenth century. Roads were nar-
row, primarily composed of dirt and gravel, and for the most part, fol-
lowed existing topography. Before 1900, only 4% of the roads were
paved, leading to poor and unreliable traveling conditions. Yet this sys-
tem formed the template for the current system. Indeed, the road system
has less than doubled in length since 1900, but the capacity has multi-
plied to accommodate an ever-increasing demand (Forman et al. 2003).

The development of the road system occurred in distinct eras, paced
in part by technological transportation developments and resource avail-
ability. Each era marked a distinct change in a suite of variables (public
values, policy, and fiscal resources) that influence road development.

The historical context for roads is an important consideration be-
cause history affects the current ecological effects of roads. For exam-
ple, the designers of a modern interstate highway would be more likely
to be sensitive to the hydrological and ecological effects of the project
than the designers of a two-lane rural road built with county funds or 50
years ago without federal review. In addition, ecological impacts, envi-
ronmental mitigation, and simple scale of the road surface area vary
widely by road type. For example, depending on the scale of concern, an
eight-lane interstate highway connecting major cities would have much
greater fragmenting effects than a two-lane rural road.

Early Roads and Turnpikes
Early colonial routes were mostly natural surfaces intended to allow
for the passage of wagons. These roads were built mainly to comple-

ment an extensive waterway transportation system. Roads provided local
access and allowed the movement of people and goods where canals or
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other water courses were not viable. The roads and waterways rarely
competed with one another.

The federal government became involved in road construction to
develop interior lands and a national postal service and to defend remote
territories. ~ Settlers purchasing land from the government generated
revenue for the federal government to build roads. This revenue was an
important source for road building and maintenance, especially in
sparsely populated areas.

In 1806, the federal government began its most ambitious project to
date: construction of the National Road, also known as the Cumberland
Road, from the Potomac River at Cumberland, Maryland, inland to the
Ohio River at Wheeling, West Virginia. By 1831, revenue began drying
up, completed sections of the Cumberland Road were turned over to the
states, and the federal government halted all road funding. Local gov-
ernments, however, oversaw all road construction and operation from the
1830s to the 1920s because the states had little interest in these activities.
A major growth in immigration spurred western migration, and by the
late 1880s, there were many established routes within and between cities,
as well as established routes for interstate and transcontinental travel.
Interest in improving roads began again in the late 1800s as bicycles pro-
liferated and in the early twentieth century as cars became more common
(Forman et al. 2003).

The first response to improving roads was oiling of the naturally
surfaced roads. Oiling was followed by paving, using an asphalt surface.
Most of the paving was done on a small scale until World War I. After
the war, the federal government greatly increased paving and road build-
ing to “get the farmer out of the mud.” The funding mechanism for the
improvements was a tax on gasoline sales. By 1923, 33 states had im-
posed a gas tax, and by 1929, all states had imposed the tax. The federal
government enacted the first national gas tax in 1932, later converting
the tax on gasoline and other transport-related products, such as tires,
into a dedicated trust fund for highways (Forman et al. 2003).

Federal Aid Highways
In 1893, with the creation of the Office of Road Inquiry in the U.S.

Department of Agriculture, the federal government renewed its interest
in road development. The first serious effort was in 1916 when the U.S.
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Congress created the Federal-Aid Highway Program, which continues as
the basic program for federal support of highways. The Federal-Aid
Highway Program specified that states receive federal funds subject to
various conditions, one of which required the states to match federal
funds dollar for dollar. The federal program also required states to create
a state highway department that was technically oriented and managed in
accordance with the principles of scientific management and administra-
tion. The state-level department was meant to serve as a partner in the
federal program and was given sufficient authority to supervise the ex-
penditure of the funds. Federal funds could not be passed to localities.
Reliance on the states as the senior partners in the Federal-Aid Highway
Program continues to the present, although local officials in counties and
municipalities have played a stronger role since the early 1960s (Forman
et al. 2003).

Interstate Highway System

A few intercity highways, such as the Merritt Parkway in Connecti-
cut, and the New Jersey and Pennsylvania turnpikes were built in the
1930s through the 1950s, and a few major cities had some limited-
access, divided, multilane highways. There was no national system of
freeways, however, until 1956, when the U.S. Congress enacted a plan to
build and finance the National System of Interstate and Defense High-
ways, now known as the interstate highway system, to serve auto, truck,
and strategic military needs. The interstate system was to be 42,500
miles of four-lane divided highways with limited access throughout.
Standard vertical and horizontal clearances were designed to support
military vehicles, such as trucks carrying tanks. The federal government
would pay 90% of the cost (Forman et al. 2003).

The interstate highway system was considered complete in 1990
and could be enlarged only if a state used its own funds to build a road to
interstate standards and then petitioned the federal government to have
the route added. The post-interstate era began in 1991 with the passing
of the Intermodal Surface Transportation Efficiency Act (ISTEA). This
act and the following reauthorization are discussed in Chapter 5.

For the past 20 years or so, the funding and management of the in-
terstate highway system and the national highway system (NHS) are dis-
tinct, but their environmental approaches are similar.
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Present U.S. Road Network

There are approximately 4 million miles of public roads in the
United States and 8.3 million lane miles. The majority (76% of lane
miles) of paved public roads in the United States are two-lane rural
highways, and the remainder are urban and rural multilane roads. The
road network is expanding slowly, having only 55,000 lane miles built
between 1987 and 1997 (less than 0.2% increase per year). About 80%
of the expansion to the system is from road widening. As discussed in
Chapters 4 and 6, this mode of growth has implications for the types of
methods and the data used for assessment and management of ecological
impacts.

DEFINITIONS AND CHARACTERISTICS OF ROADS
Vehicle Miles of Travel

The annual vehicle miles of travel (VMT) is a measure of the de-
mand and use on the road system. Statistics such as annual VMT help
transportation agencies plan for the future. The amount of VMT has
been steadily increasing (Figure 2-1). By 2000, annual travel on the na-
tion’s highways reached about four times the travel level in 1960, or an
estimated 2.7 trillion VMT.
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FIGURE 2-1 Time course of number of vehicle miles traveled by year from

1960 to 2000, indicating travel on rural and urban portions of the highway sys-
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Road use is increasingly made up of urban traffic. At some point in
the 1970s, total VMT on urban roads exceeded that on rural roads (Fig-
ure 2-1). Urban roads and streets now carry about 1.7 trillion VMT, or
about 61% of total VMT. Data from the past decade indicate that the
rate of road use increased more rapidly than the rate of system growth in
length. From 1990 to 2000, travel increased 28.9%, yet the total miles of
roads in the United States increased by only 2.1%. The increased vol-
ume is attributed in part to the increasing urbanization of the country. As
urban populations increased and urban boundaries expanded, urban
travel increased 30.6%, and rural travel increased 24.9% from 1990 to
2000. During the 1990s, the largest increase (41.9%) in road use oc-
curred on the principal arterial urban roads (not urban interstates) (Table
2-1).

Road Density

Less than half of 1% of the land area in the United States is covered
by roads of all kinds, not including rights-of-way, parking lots, and
driveways. The United States has 1.2 miles of roads for every square
mile of land area, much less than many other developed nations. Japan
has a road density approximately 4 times greater than that of the United
States. Germany, France, and England have road densities 2.5 times
greater than that of the United States, and those densities continue to
grow even in Europe’s high-density environments. However, Canada
has a density of only about 0.16 miles per square mile of land. Densities
also vary greatly across the United States, the highest being in New Jer-
sey and the lowest in Alaska.

Road Surfaces

Of the 4 million miles of roads in the United States, about 2.3 million
miles (59%) are paved. There are two general classes of materials used for
construction of pavement: flexible pavements (asphalt) and rigid (hydraulic
cement concrete) pavements (AASHTO 1993, http://www.thwa.dot.gov/
infrastructure/materialsgrp/cement.html). Flexible pavements generally con-
sist of a prepared roadbed or subgrade, subbase, base, and surface layer. In
some cases, the base is used as a drainage layer, or the drainage layer
may be part of or below the subbase. In contrast, rigid pavements have

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

| Impacts of Paved Roads

43

'9100C VMHA -951n0§

001 6'8¢ €9€°L9LT 9°0¢ TEL'LLYT 6'1C 1€9°680°1 [eI0L
el L9t 1L5°69€ ¢ee 6€T°LET K3 TEE8TI [e507]

S S'LT 800°LE1 S'LT 800°LE1 — — 10199110D

' €91 1L5°8S — — €91 1L5°8S 103397109 JoUTN
9L 66 961°01¢ — — 6'6 96¥°01C 1030200 Iofe]y
181 S'LT S€9°661 S'LE GS8°9TE S0l 08L°TLI [eLI9)1e JOUTA
§'ee VLT vLE0S9 6'81 LET' IOV 61y LET'6¥T  TeuoMe [edoung
sAemssardxa

¥'9 9'8¢ SOI°8LI 9'8¢ SOI'8LI — — /sAemaarg
I'vC ¥'6¢ €09°L99 ely 88CT°L6€E Sve SIE0LT dJe)SIaU]
[9ABLL 000C-0661  LINA [BIOL 000C-0661  1INA ueqin 000C-0661  LINA ey WosAg
[e101, JO %, o3ueyD 9, aguey)D 9, oSuey) o, [euonoun,j

0002-0661 ‘sd8uey) w)sAg [euonoun [-z ATAV.L

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

44 Assessing and Managing the Ecological Impacts of Paved Roads

only a subbase between the prepared roadbed and pavement slab. An-
other distinguishing characteristic of flexible versus rigid pavements is
the distribution of traffic load over the prepared roadbed. Rigid pave-
ments tend to distribute the traffic load over a wide area, and flexible
pavements, made with pliable material, do not spread loads as widely
and thus usually require the additional base layer and greater thickness
for optimal traffic-load transmittal. Of the paved roads, approximately
95% use flexible pavement, and 5% use rigid pavement.

Types of Roads

The current road system consists of several types of roads placed
into a functional class based on traffic volume and general use. Unless
otherwise stated, the following information was taken from the Federal
Highway Administration (FHWA 2001b).

Roads are classified on the basis of the types of function provided.
Functional types of roads that constitute the highway network include (1)
interstate highways, (2) arterials, (3) collectors, and (4) local streets or
access roads. These four major types of roads can be combined into
groupings for administrative and funding purposes. One major grouping
is the NHS, which comprises the interstate highways and a large number
of the high-volume arterial roads. Although not exclusive, most of the
considerations of ecological impacts that occur in subsequent chapters
consider the impacts from the first three functional types listed above.
As discussed in Chapters 3 and 4, ecological considerations such as envi-
ronmental mitigation and simple physical scale vary by road type.

Recognizing that a road does not serve traffic needs by itself is ba-
sic to the development of any logical highway system. Travel involves
movement through a network of interrelated roads and streets. The
movement channels through an efficient hierarchical system that includes
lower-order roads that handle short and local trips to higher-order roads
that connect regional and interregional traffic and longer trips. In addi-
tion to movement, access is a fundamental function of roads. The princi-
pal function of local roads, almost 70% of the total mileage, is access,
whereas freeways limit access.

Federal law requires functional designations of roads in urban and
rural areas for funding purposes. This classification is done by state
transportation agencies and is mapped and submitted to Federal Highway
Administration (FHWA) to serve as the official record for the federal
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highway system. The distinction between rural and urban areas is made
using federal census data to create federal-aid and urban-area boundaries
(WSDOT 2003). Urban roads occur in a census area with an urban
population of 5,000 to 49,000 or in a designated urban area with a popu-
lation greater than 50,000. Rural roads are defined as any road not lo-
cated within the urban-area boundary.

High-Speed Limited-Access Highways

The best known high-speed limited-access highway system is the
current interstate highway system. Because of the need to accommodate
heavy freight traffic, these roads are the most expensive to build and
maintain.

Other types of limited-access highways include some roads within
the NHS or some state limited-access roads, such as the New York
Thruway. These limited-access state highways are funded and adminis-
tered under their own sets of legal standards. Despite important adminis-
trative differences, the committee determined that the differences in eco-
logical impacts of different types of limited-access highways are minor.

The interstate system accounts for only 1.2% of the nation's total
miles of roadway (Table 2-2), yet interstate highways convey 24% of the
annual VMT in the United States and 41% of total truck VMT, suggest-
ing their importance to commercial transportation. These statistics also
indicate the potential for the interstate system to deliver greater levels of
contaminants to air and water than the total miles of interstate roadway
would suggest. However, other factors suggest that the contaminant load
is not simply proportional to VMT. For example, vehicles traveling at
interstate speeds may emit some pollutants at a lower rate than vehicles
operating on local streets.

TABLE 2-2 Interstate Highway System—Key Statistics

Interstate Total Interstate System
System Highway System  Share (%)

Road miles 46,677 3,951,098 1.2

Lane miles 209,655 8,328,856 2.5

VMT (billion/yr) 667 2,767 24.1

Source: AASHTO 2002a. Reprinted with permission; copyright 2002, Ameri-
can Association of State Highway and Transportation Officials, Washington,
DC.
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Other federal highway investment, in addition to the interstate
highway system, is reflected in components of the NHS. The NHS con-
sists of the many routes with such designations as U.S. 1 or U.S. 89.
These roads may be high-speed limited-access highways, arterials, or
collectors, depending on the location and configuration of the roadway.
The NHS includes urban and rural roads that serve a wide variety of
transportation functions.

The NHS comprises 163,000 miles of roads, 46,477 of which are
interstate highways. The NHS serves major population centers, intermo-
dal transportation facilities, international border crossings, and major
travel destinations. It includes the interstate systems, other rural and ur-
ban principal arterials, highways that provide access to major intermodal
transportation facilities, strategic highway network connectors, and the
defense strategic highway network (Figure 2-2). The NHS carries over
44% of the nation’s travel, but it makes up only 4% of the nation’s total
public roadway miles (Table 2-3). Although more than 70% of NHS
miles are in rural areas, almost 60% of VMT on the NHS take place in
urban areas (Figure 2-3).

FIGURE 2-2 Map of National Highway System in the 50 states, the District of
Columbia, and Puerto Rico. Source: FHWA 2001b.
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NHS MILEAGE NHS TRAVEL

FIGURE 2-3 Miles of road and use of roads in urban and rural portions of the
National Highway System. Source: FHWA 2001b.

TABLE 2-3 National Highway System Mileage and Travel in Rural and

Urban Areas

Rural Urban Total
NHS Mileage
Interstate 33,150 13,527 46,667
Other NHS 85,882 28,629 114,511
Total NHS 119,032 42,156 161,188
NHS Percent of Total Mileage
Interstate 0.8 0.3 1.2
Other NHS 2.2 0.7 2.9
Total NHS 3.0 1.1 4.1
NHS Travel (millions VMT/yr)
Interstate 270,315 397,288 667,603
Other NHS 224,340 333,335 557,675
Total NHS 494,655 730,623 1,225,278
NHS Percent of Total Travel
Interstate 9.8 14.4 24.1
Other NHS 8.1 12.0 20.2
Total NHS 17.9 26.4 443

Source: FHWA 2001b.
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Arterials

Arterials consist of the interstate highway system, multilane lim-
ited-access freeways and expressways, and other road corridors that
serve local areas; they also carry substantial statewide or interstate travel
volumes. This system accounts for approximately 11.1% of the nation's
public roadway mileage and carries approximately 72.1% of the total
VMT (Figure 2-4).

Collectors

Collectors connect local streets and roads with arterials. They pro-
vide traffic circulation and land access among downtown city centers,
industrial and commercial areas, and residential neighborhoods. Collec-
tors provide lower speeds and less mobility for shorter distances than
arterials.

Interstate Interstate Locals
46,677 667,603 366,571
1.2% 23.1% 13.2%

Other Arterials
389,925
9.9%

Collectors
406,075
14.7%

Collectors
795,208

20,1%
. Other
Arterials
Locals 1,328,114
2,719,288 48.0%
BE.8%
MILEAGE TRAVEL (millions)
Total: 3,851,008 Total: 2,767 363

FIGURE 2-4 Total road mileage (summation of all road lengths) and travel by
functional type in the year 2000. Travel represents vehicle miles traveled per
year. Source: FHWA 2001.
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Locals

The roads and streets functionally classified as local are all those
not classified as part of the principal arterial, minor arterial, and collector
system. Local roads and streets primarily provide access to adjacent land
and are generally not maintained by a state highway agency. Local func-
tional systems serve only 13.2% of total VMT, but these roads account
for 68.8% of the nation's total roadway miles (Figure 2-4).

Layout Patterns

The growth of suburbs, and the spread-out development patterns
that come with it, has had a major influence on urban roadway patterns
beginning in the 1920s but particularly occurring after World War 11
The layout of the road system is not only a function of history and geog-
raphy but is also linked to the local and regional development patterns.
Layout patterns give roads different types of connectivity. The layout
patterns and spacing among roads as well as their width (number of
lanes) determine road density. There are several types of roadway lay-
outs that are being used for designing roads. These patterns can vary
greatly from city to city but generally involve a rectangular grid, a hub-
and-spoke layout, or a combination of the two.

Rectangular Grids

The road network in most cities across the United States is an out-
growth of the Public Land Surveys and follows a rectangular grid pattern
(Figure 2-5). Roads are orthogonal, alignment generally being along
ordinal directions (north-south or east-west). Grid patterns generally
have more total street length, blocks, intersections, and access points
than other layouts. The grid pattern is typically intertwined with a mixed
pattern of land use. Mixed land use occurs when different functions of
use (residential, commercial, and industrial) are not geographically sepa-
rated, but “mixed” in the landscape. Mixed land use was the dominant
development style in American cities and towns in the early twentieth
century and continued to be the primary pattern until the development of
suburbs after World War II. A mixed land-use pattern can ease conges-
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FIGURE 2-5 Example of rectangular grid pattern of roads in Chicago. Source:
MapQuest 2005. Reprinted with permission; copyright 2005, MapQuest.com,
Inc., and GDT, Inc. The MapQuest.com logo is a registered trademark of
MapQuest.com, Inc.

tion on main streets by offering acceptable alternative routes. It may also
reduce the total VMT if housing and services are intermixed. However,
it can also add unwanted through traffic on some residential streets
(Berkovitz 2001).

Hub-and-Spoke Patterns

In many locations, the hub-and-spoke pattern developed with the
local growth pattern in the 1960s and 1970s. This system of roads com-
prises circular roads (hubs, belts, and ring roads) that go around a city
center at various distances and separate roads (spokes) that go to the cen-
ter of town (Figure 2-6). The circular roads are often used to route traffic
around major urban areas, and the spokes are designed for commuter
traffic. Freeways and expressways (interstate) often form the circular
hubs and major spokes in urban and suburban areas.

The hub-and-spoke pattern is correlated with a type of land-use pat-
tern that is designated as conventional land use. This pattern arose, in
part, because of central urban planning and the increased importance of
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FIGURE 2-6 Example of hub-and-spoke pattern of roads found in Washington,
DC. Source: MapQuest 2005. Source: MapQuest 2005. Reprinted with per-
mission; copyright 2005, MapQuest.com, Inc., and GDT, Inc. The
MapQuest.com logo is a registered trademark of MapQuest.com, Inc.

the automobile in everyday life. Suburban areas grew in number and
size to house families.

Residential areas are often built with cul de sacs and a small num-
ber of entry points to reduce the amount of pass-by traffic in residential
neighborhoods (Berkovitz 2001). In the conventional pattern of land use,
each type of land use (residential, commercial, retail, and industrial) is
separated from the others. Conventional land-use patterns result in more
of a hub-and-spoke or circulatory pattern, with businesses in the center of
town and residential areas surrounding the city. Some of the longest
commutes in metropolitan regions are made by residents who live at the
metropolitan edge and who work in downtown areas (FHWA 2002b).

Engineering Structures
In addition to roads and roadsides, the road system includes many
engineering structures. These include concrete barriers, guardrails, noise

barriers, bridges, culverts and pipes, and overpasses and underpasses.
Each of these structures has a particular ecological effect.
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Concrete Barriers

Rigid safety barriers separating lanes on roads are common, espe-
cially in urban areas. The most common type of these structures is called
a Jersey barrier. Some Jersey barriers are used for traffic separation on
freeways and interstate highways, and many others are used only tempo-
rarily. Temporary units are used mainly to enhance safety in construc-
tion work zones. The height of Jersey barriers averages around 32 in.,
but some are as high as 57 in.

Rigid safety barriers are also commonly used longitudinally on ma-
jor nonlimited-access highways to safely separate the two directions of
traffic and preclude left turns and U-turns. There is current concern with
barriers being formidable obstacles to small- and large-animal movement
across highways. Barriers can block animals when they attempt to cross
the highway, making them vulnerable to traffic mortality.

Guardrail and Right-of-Way Fences

Many different types of horizontal flexible and semirigid barriers,
commonly known as guardrails, line the roadsides and medians of the
roadway system. As with concrete barriers, guardrails are intended to
constrain errant cars and trucks. Guardrails normally provide space be-
neath and above the rail that allows movement of wildlife. The principal
difference between rigid safety barriers and guardrails is the amount de-
flection that will occur when they are hit.

Right-of-way fences are used to keep people and animals from en-
tering the berm, shoulders, and travel lanes of the highway. Many lim-
ited-access highways are lined with right-of-way fences, which enhance
safety and reduce traffic mortality of large animals by reducing the cross-
ing of animals.

Wide Medians

American Association of State Highway and Transportation Offi-
cials (AASHTO) safety information reflects a continuum of preference
among lane-separation technologies. The safest system is one with wide
grassy medians and no hard barriers, where there is sufficient room for
errant vehicles to recover before entering an opposing lane of traffic. No
rigid barrier is needed if the median is approximately 50 ft or more in
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width. Medians less than 30 ft in width should have a rigid barrier
(AASHTO 2002a, TRB 2003, Mak and Sicking 2003).

Despite the safety offered by wide medians, there can be offsetting
concerns because the median increases the width of the road right-of-
way, including additional cost, availability of land in some locations, and
compatibility of a wide right-of-way with nearby land uses.

Although wide medians in an additional loss of natural habitat, they
may have less ecological impact than a narrow, paved median with a bar-
rier or guardrail. Another advantage of a wide median is that the high-
way can be cost-effectively widened in the future with minimal dis-
ruption to traffic and to the adjacent properties, although if that hap-
pened, the ecological benefits of a wide median would be minimized
or eliminated.

Overpasses and Underpasses

The decision to construct a new road over or under an existing fa-
cility is site-specific. Generally, minor roads should pass over major
roads. This configuration takes advantage of off-ramp traffic being able
to decelerate on the upgrade and the on-ramp traffic being able to accel-
erate on the downgrade (Sharpe 2004). Although highways generally are
constructed over waterways, the choice to span or pass under requires
extensive analysis. Sometimes tunnels are built instead of bridges, as
was the case with the 2.75-km Fort McHenry tunnel, the largest under-
water highway and widest vehicular tunnel, submerged in a trench at the
bottom of the Patapsco River in Baltimore, Maryland. A tunnel was con-
structed instead of a bridge because of concerns that a bridge would
tower over a historic site, Fort McHenry.

Often it is desirable to depress the major road to reduce noise im-
pacts and improve aesthetics. Span lengths, angle of skew, soil condi-
tions, drainage, and the maintenance and protection of traffic on the ex-
isting route all must be considered. Three-dimensional models of the
alternatives are sometimes used to obtain informed public input into the
decision.

Noise Barriers

Noise barriers are designed and built primarily to muffle highway
traffic noise in residential areas, schools, playgrounds, and other sensitive
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receptor areas (see Chapter 5 for a discussion on noise standards). Noise
barriers may also be retrofitted on highways to enhance the surrounding
community. Almost all sound walls in the United States have been con-
structed since 1986, and about two-thirds have been constructed of pre-
cast concrete and block. The other one-third of barriers are constructed
of various materials, including wood, earth berm, and metal. The aver-
age noise barrier height is 10 to 16 ft, although some are over 23 ft.

Bridges, Culverts, and Pipes

The road system in the United States includes over 580,000 bridges,
of which approximately 481,000 (83%) are over waterways. Ongoing
construction efforts to address deficient bridges offer a singular opportu-
nity to address and mitigate important ecological issues. These issues are
discussed in Chapter 3; mitigation of adverse effects of bridges and cul-
verts is discussed in Chapter 4. The condition of bridges and other engi-
neering structures is discussed later in this chapter.

OWNERSHIP AND MAINTENANCE RESPONSIBILITIES

Understanding the ownership and maintenance responsibilities for
roadways is important for planning and managing the coordination of
environmental and planning issues discussed in later chapters of this re-
port. Local town, city, and county governments own and maintain
77.4% of the nation’s roads. The federal government owns only 3.0% of
the roads, including those in national forests, parks, military areas, and
Indian reservations. Thus, coordination of transportation and environ-
mental issues (including ecological protection) is often a state or local
planning concern. Individual states own the remaining 19.6% of the
roads, which includes most of the interstate system (Table 2-4).

CURRENT STATUS AND FUTURE TRENDS
In 2000, FHWA (2001b) assessed the status of the U.S. road sys-
tem. It reported that most of the existing road surfaces in the system are

in good condition but that an aging set of bridges and other engineering
structures are a challenge to the system. The system is carrying higher
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TABLE 2-4 Ownership of U.S. Roads and Streets

Rural Urban Total
Jurisdiction Mileage % Mileage % Mileage %
State 663,755 21.5 111,539 13 775,294 19.6
Local 2,311,269 74.7 746,341 6. 3,057,610 77.4
Federal 116,724 3.8 1,484 0.2 118,208 3.0
Total 3,091,748 100.0 859,364 100 3,951,112 100.0

Source: FHWA 2001b.

volumes of traffic than in the past. Many roads are approaching design
capacity as congestion increases. These issues are discussed in the fol-
lowing sections.

Travel Congestion on Principal Arterial Roads in Urban Areas

The use of urban roads continues to outpace the use of rural ones.
The use and subsequent congestion are evident on both interstate and
principal arterial roads. Although interstates play a key role in intercity
connectivity, military support, and efficient long-distance travel, they
also support local travel. Commercial uses (moving freight within met-
ropolitan areas), noncommercial uses (providing access to airports and
commuter travel), and individual uses are increasing the use of urban
interstates. Reflecting the evolving expectations that state and local offi-
cials have for the interstates, growth in travel on their urban segments
has been greater than on the rural portions, a trend that has continued
since 1960 (Figure 2-6; FHWA 2001b). Travel per lane mile in rural
areas has more than doubled since 1960. Travel per lane mile in urban
areas has increased even more, growing roughly 25% during the 1990s.
Urban interstate congestion is high in nearly half the states. Forty-one
states in a recent General Accounting Office survey predicted that con-
gestion would be high or very high in a decade (AASHTO 2002a).

The traffic volume-to-service flow (capacity) ratio (V/SF) is one
measure of congestion. As the ratio approaches the theoretical value of
1.00 (volume of traffic is equal to service flow capacity of the facility),
traffic slows down and eventually stops. Values of V/SF greater than or
equal to 0.80 indicate congestion. Level of service (LOS) is another
concept used in transportation work to describe different levels of con-
gestion. LOS is determined by comparing the volume of traffic on a road
section to the road’s capacity to handle the volume. LOS A is free-
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running traffic, and LOS F is gridlock (Table 2-5 and Figure 2-7). Pre-
viously, FHWA and state Departments of Transportation would try to
attain LOS C or better during the peak hours; now, due to heavy travel
demand, they have to accept LOS D or even LOS E as goals during rush
hour.

Many sources suggest that travel is becoming more congested. The
percentage of travel under congested conditions (percentage of daily traf-
fic on freeways and principal arterial streets in urban areas) has slowly
increased from just over 26% in 1987 to over 33% in 2000 (Figure 2-8).
However, off-peak travel has increased significantly in most major met-
ropolitan highway systems in the past decade. Urban interstates are the
most crowded. In 2000, 50% of peak-hour travel occurred under con-
gested conditions (FHWA 2002b). Researchers estimated that the annual
costs due to lost productivity from congestion-related delays were $78
billion in 1999 (FHWA 2002b).

Pavement Condition

Over the past several years, the overall condition of the pavement
on the NHS and the interstate system has improved. In 2000, on the ba-
sis of the international roughness index (IRI), 93.5% of the NHS and
96.6% of the interstate system had acceptable ride qualities. The IRI is
an indicator of pavement performance, which uses an objective instru-
ment-based rating system to measure the ride quality of a road. Pave-
ments with an IRI of less than 95 have good or very good ride quality,
those with an IRI of 95-170 have an acceptable ride quality, and those
with an IRI of more than 170 have an unacceptable ride quality. The
NHS and the interstate system have a 6.5% and 3.4%, respectively, un-
acceptable ride quality (Figure 2-9).

TABLE 2-5 Level-of-Service Chart for Major State Highways in New
Hampshire Based on 2002 Traffic Data

Level of Service Description Miles
No Congestion (LOS A and B) 1,233
Moderate congestion (LOS C and D) 1,191
Congested (LOS E and F) 305

Total 2,729

Source: Modified from NHDOT 2004.
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1233 MILES

MODERATE CONGESTION (LOS-C &D) |
1191 MILES

CONGESTION (LOS -E & F)
305 MILES
—— NOT RATED

I:l URBAN AREA (2000)

s

N

ANIVIN

FIGURE 2-7 Traffic congestion map showing a concentration of congested
highways in the southeastern and south-central regions of New Hampshire.
Green: no congestion (LOS A and B); yellow: moderate congestion (LOS C
and D); and red: congested (LOS E and F). Source: NHDOT 2004.
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FIGURE 2-8 Percentage of vehicle miles traveled on urban freeways and prin-
cipal arterials occurring under congested conditions from 1987 to 2000. Source:
Schrank and Lomax 2001. Reprinted with permission; copyright 2001, Texas
Transportation Institute.
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FIGURE 2-9 Pavement surface condition of the national and interstate high-
way systems. Source: FHWA 2001b.

The condition of interstate pavement has improved in recent years,
reflecting greater federal funding and the states’ commitment to main-
taining these roads. Because of increasingly heavy use, most of the sys-
tem requires substantial maintenance.

Porous pavement is a newer technology for the primary highway
system. Structurally, porous pavement has not proved to be as durable to
heavy trucks and high traffic volumes as other road surfaces because of
movement of water under the road, resulting in cracking. Porous pave-
ment also is a problem in states having to deal with snow removal be-
cause the sand and salts used in snow removal clog the openings. The
most promising application for porous pavements is in parking lots, but
even most of these fail over time as a result of compaction.
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Bridge Conditions

Many of the nation’s bridges and road structures (overpasses and
underpasses) were built many years ago and are in need of maintenance
and, in many cases, rehabilitation. These features, which represented
considerable expense at the time of design and construction, also require
ongoing maintenance.

In 2000, 29% of the nation’s estimated 590,000 bridges were con-
sidered structurally deficient or functionally obsolete (Table 2-6). These
categories are defined below.

Structurally Deficient

Structurally deficient bridges have deteriorated structural compo-
nents and are usually closed or restricted to use only by light-duty vehi-
cles. These bridges are not necessarily unsafe. In general, strict adher-
ence to signs limiting speeds or quantity of traffic on bridges will provide
sufficient safeguards for these bridges.

Functionally Obsolete

About half of the nation's 590,000 bridges were built before 1965,
and a fourth are more than 50 years old. Although bridges that are prop-
erly cared for can be considered virtually permanent, their age means that

they need substantial maintenance and may be functionally obsolete
(AASHTO 2002a).

TABLE 2-6 Conditions of Highway Bridges

Total Highways
Condition No. %
Structurally deficient 88,150 15.0
Functionally obsolete 81,900 14.0
Acceptable 415,492 71.0
Total 585,542 100

Source: FHWA 2001b.
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Functionally obsolete bridges cannot safely support the type or vol-
ume of traffic using them. These bridges have older design features that
limit them from carrying current traffic volumes and modern vehicle
weights and sizes. They can also cause more environmental damage,
such as alteration of floodplain and riparian habitats, because of water
flow restrictions.

Investments made possible by ISTEA and the Transportation Eq-
uity Act for the Twenty-First Century (TEA-21) have permitted bridge
improvements. The investment needed to repair the backlog of bridges
has decreased in tandem with the reduction in bridge deficiencies. The
bridge investment backlog is now $52 billion, based on an evaluation
using the new National Bridge Investment Analysis System. Table 2-7
below shows the breakdown on bridge needs. Progress has been made
through increased funding under ISTEA and TEA-21, priorities set at the
state and other levels, and reduced investment requirements that meet
economic analysis criteria.

SUMMARY

This chapter provides an overview of the status of the U.S. road
system. The perspective has been on the entire road system at the broad-
est spatial scales. The spatial template for the system is a combination of
established use histories (following older, established routes) and plan-
ning. The network comprises different functional types of roads (inter-
state, arterial, connector, and access) as well as rural or urban areas
where roads traverse. The functional roadway types are used for plan-
ning and funding purposes. The characteristics of the current U.S. road
system indicate that most of the growth in the paved system now occurs
via widening existing roadways rather than adding new routes to the system.

TABLE 2-7 Backlog of Bridge Investment Needs

Type of Investment Costs (Billions)
Bridge replacement needs $37.2
Bridge improvement needs (widening, $3.1
raising, strengthening)
Maintenance, rehabilitation, and $11.6
reconstruction needs
Total $51.6

Source: AASHTO 2002a.
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Vehicle use of roads has steadily increased in the past century. Since the
1960s, urban road travel has become greater than rural road travel; yet
the later has more than doubled, and that has important ecological im-
pacts, as discussed in Chapter 3. Indicators of congestion in urban areas
are increasing. The extant road system requires large amounts of main-
tenance and replacement to maintain its current function. Although
paved sections of the NHS are considered to be in very good condition
for driving, 3 of 10 bridges are structurally deficient or obsolete.
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Effects of Roads on Ecological Conditions

INTRODUCTION

Widespread attention continues to be drawn to the ecological ef-
fects of roads, especially as the road system continues to expand. Roads
are created because of changing interactions between people and their
environments. They are created to facilitate access to natural resources,
to connect human communities, to move goods to markets, and to move
people to work. Whatever their purpose, roads, road establishment, road
maintenance, and road travel have a broad variety of effects.

In this chapter, the committee addresses the following two ques-
tions as stated in its charge:

1.  What are the appropriate spatial scales for different ecological
processes that might be affected by roads?

2. What are the effects of road density on ecosystem structure
and functioning and on the provision of ecosystem goods and services?

Roads have effects that can vary with a range of spatial scales. The
committee’s analysis examines what is known about road effects at three
scales, which are discussed later in the chapter.

For the second question, the committee used the phrase “ecological
condition” for “ecosystem structure and functioning.” Because most in-
formation on road effects is given in terms of ecological structure and

62
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functioning rather than ecosystem goods and services, ecological condi-
tion is used. These terms are defined in the next section.

This chapter is organized into five sections to summarize the inter-
action between roads and ecological conditions. After this introduction,
terms and concepts are defined in the second section. A short summary
of effects on ecological goods and services is provided in the third sec-
tion. The fourth section summarizes published, mostly refereed literature
and is organized according to two dimensions: the first is the ecological
process of interest (many of which are listed in Table 3-1) and includes
the effects of each process on the different levels of ecological organiza-
tion (for example, abiotic, population, species, and ecosystem), and the
second is the scale of the effect. Many of the effects of roads on the en-
vironment are caused by other forms of human activity and land use.
Impacts of agriculture, urbanization, forest practices, and manufacturing
are in many ways similar and sometimes interrelated with the impacts of
roads. Information gaps are discussed in the fifth section.

DEFINITIONS

Ecological condition is a general term that describes the structure
and functioning of ecosystems. It may refer to the status of the ecologi-
cal environment at a particular time or to dynamic changes in its compo-
nents and processes over time. The dynamic aspects of these condition
measurements are discussed later in the chapter where both spatial and
temporal dimensions are addressed. Ecosystems encompass all living
organisms (biotic components) plus the nonliving environments (abiotic
components) with which they interact. The abiotic components consist
of hydrological and geomorphological processes, chemicals, and such
disturbances as landslides, climate and weather. Levels of organization
of biotic components used in this report are genetics, species and popula-
tion (plants and animals), and ecosystem. Each level of biotic compo-
nents has attributes of composition, structure, and functioning, and to-
gether constitute biological diversity (often called “biodiversity”).

Composition refers to the identity and variety of elements in each of
the biodiversity components. Structure refers to the physical organiza-
tion or pattern of the elements. Ecological (or ecosystem) functioning
refers to the ecological and evolutionary processes acting among the
elements, or how the ecosystem works.
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Diversity of the genetic component refers to the variation in genes
within a particular species, subspecies, or population. A relevant meas-
ure of the genetic component is allelic diversity, a measure of its struc-
ture is heterozygosity, and a measure of its functioning is gene flow.

Diversity of the population and species component refers to the va-
riety of living species and their populations at the local, regional, or
global scale. A relevant measure of this component is species abun-
dance, a measure of its structure is population age, and a measure of its
functioning is demographic processes, such as births and deaths.

Diversity of the ecosystem component refers to the number of spe-
cies, biotic communities, and ecosystem types and to the genetic varia-
tion in the organisms present. Relevant measures of this component in-
clude a variety of measures of species diversity (see NRC 2001), includ-
ing the ratio of native to nonnative species; various measures of genetic
diversity (see Hedrick 2004); and variations in trophic activities and
structure, such as food-chain length and feeding adaptations.

ECOLOGICAL CONDITION—
ECOSYSTEM GOODS AND SERVICES

Ecological condition incorporates the concepts of ecosystem goods
and services through the ecosystem component. Ecosystem goods are
the materials and elements (for example, water, food, fiber, and fuel) that
are products of ecosystems and used for a variety of human needs. Eco-
system services are the benefits that people obtain from ecosystems.
Those include goods, such as food and water; services, such as regulation
of floods, droughts, land degradation, and disease; supporting services,
such as soil formation and nutrient cycling; and cultural goods, such as
recreational, spiritual, religious, and other nonmaterial benefits (Millen-
nium Ecosystem Assessment 2003).

An enumeration of road effects on ecosystem goods and services is
marginally addressed in this report. The effects of roads on those eco-
logical structures and processes that are of direct and indirect use to hu-
mans are, however, discussed in detail. Ecosystem structure and func-
tioning can be translated into ecosystem goods and services, as described
in subsequent sections.

Roads affect ecosystem goods and services in many ways. The
documented road-associated changes to be discussed can be translated
into equivalent alterations in ecosystem goods and services (Table 3-1).
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Among the changes are altered local climatic conditions, altered nutrient
cycling, loss of flood and drought mitigation, loss of soil fertility, and
changes in biodiversity.

Ecological Conditions and Scale

Roads interact with ecosystems across a wide range of scales. For
example, at small scales, heavy metal molecules accumulate in soils ad-
jacent to roads. At intermediate scales, roads disrupt soil structures and
hydrological pathways and alter plant and animal communities. At large
scales (regions to nation), roads alter migration patterns and increase
spread of exotic organisms. Many effects can occur at more than one
spatial scale (for example, effects on migration patterns). The literature
review in the next section documents effects of roads on ecological con-
ditions at three scales. The smallest scale assessed is the road segment.
This scale generally extends to a hundred meters (see Figures 1-1, 1-2,
and 1-3). The intermediate scale is identified as a system of a geographic
region—defined either politically (for example, a state or province) or
ecologically (for example, a watershed or eco-region). This scale ex-
tends from one to tens of kilometers (see Figures 1-4 and 1-5). The larg-
est scale is the macroscale and is defined by regional ecological units (for
example, eco-regions) (Bailey et al. 1994) to national political bounda-
ries. This scale extends from hundreds to thousands of kilometers (see
Figures 1-6 and 1-7).

LITERATURE REVIEW

The committee developed an annotated bibliography (Appendix B)
of road effects on ecological conditions, with an emphasis on spatial
scale. The review included only studies that directly measured the ef-
fects of roads on the surrounding environment. Effects were categorized
as either abiotic or biotic. Abiotic effects included the effects on hydro-
geomorphic process, the effects of road-related chemicals on water and
air quality, and the effects of other disturbances, such as landslides, local
climate, and lighting. The three subcategories of biotic effects were ge-
netic, species and population, and ecosystem. Within each subcategory,
the effects of roads on structure, functioning, and composition were
documented.
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Every aspect of roads (as with many human activities) has some in-
teraction with the surrounding environment, including road construction,
operation, and maintenance. However, the committee’s review focuses
on operation—that is, the effects of roads and their structures (for exam-
ple, culverts) and vehicles that use them.

The literature review and synthesis provides an overview of the cur-
rent understanding, trends, and information gaps relating to the effects of
roads and traffic on ecological conditions and the spatial scales at which
roads affect ecological conditions. The available information at different
scales of ecological effects is also examined.

Approach

The committee collected and reviewed over 500 journal articles and
conference proceedings. The literature was obtained primarily from sci-
entific journals, although some reports were obtained from the grey lit-
erature. The list of studies was not meant to be exhaustive but nonethe-
less captured the majority of accessible literature. The focal area of the
review was North America, but research findings from Europe and Aus-
tralia were also included.

Table 3-2 summarizes the available bibliographic information. For
each of the ecological conditions and spatial scales, the committee quali-
tatively categorized the number of studies as none, few, several, or many.
For some subcategory and scale assessments, little information was ob-
tained; however, there was a general consensus among committee mem-
bers that more information was available but not in formats readily ac-
cessible. The findings of the studies are summarized in the following
sections.

Ecological Significance of Road Attributes

The presence or absence of roads is not the only factor that governs
impacts on the surrounding environment. A major impact of roads is
related to their use—that is, traffic. The density of the road network, the
volume of traffic on a roadway or road segment, the road surface, and
other engineered features also affect the extent of ecological effects of a
road. This section briefly discusses the direct individual ecological im-
pacts of various road attributes.
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Road and Traffic Density

The density of the road network, the volume of traffic on a road, the
road’s location, topography, and other factors have major roles in the
intensity of associated environmental effects of roads. A few studies
have correlated the density of the road network to their environmental
effects (Findlay and Houlahan 1997, Carr and Fahrig 2001). Reduced
construction of new roads reduces habitat fragmentation, suggesting that,
in general, less habitat fragmentation occurs in a less-dense road network
with high traffic volumes than in a dense network with low traffic vol-
umes per road mile.

The direct effects of traffic density, defined in this report as the
number of vehicle miles traveled on a given stretch of roadway in a
given time, have been more widely studied. In general, an increase in
traffic density correlates with an increase in the atmospheric deposition
and the aquatic concentration of vehicle-emitted chemicals, such as
heavy metals (Bocca et al. 2003, Fakayode and Olu-Owolabi 2003), par-
ticulate matter (Boudet et al. 2000), and organic pollutants (Ellis et al.
1997, Forman and Alexander 1998, Viskari et al. 2000, Ilgen et al. 2001,
Latha and Badarinath 2003). Only areas with road density less than 0.72
km/km? (1.16 mi/mi®) seem to support vibrant populations of wolves
(Canis lupus) in Minnesota (Mech, et al. 1988, Fuller 1989), Wisconsin
(Thiel 1985, Mladenoff et al. 1999), the western part of the Great Lakes
region of the United States (Mladenoff et al. 1995), and Ontario (Can-
ada) (Jensen et al. 1986). An exception to the trend is an established
wolf population in a fragmented area of Minnesota with a road density of
1.42 km/km® (2.29 mi/mi®) (Merrill 2000). Increased traffic density also
has been shown to reduce amphibian population (Fahrig et al. 1995, Carr
and Fahrig 2001).

Road Surfaces

Because construction of asphalt concrete and hydraulic cement
concrete road surfaces involves many of the same techniques, the differ-
ences in the direct effects of roadway construction using these materials
are minimal. Well-constructed asphalt concrete and hydraulic cement
concrete pavements are impervious; therefore, both are likely to exhibit
similar runoff. Work completed in National Cooperative Highway Re-
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search Program Project 25-09 and reported in 2001 in National Coopera-
tion Highway Research Program (NCHRP) Report 448 (Nelson et al.
2001) concluded that most materials, including asphalt concrete and hy-
draulic cement concrete, used in the construction and repair of highways
“behave in a benign fashion in the environment. On the highway sur-
face, leaching is slow, transport is rapid, and dilution is great....” Fur-
ther, the results of Project 25-09 show no significant practical differences
in the potential impact of runoff from asphalt concrete and hydraulic ce-
ment concrete pavement surfaces.

Engineering Structures

The impact of engineering structures is generally consistent with
the functioning of the structure itself. Concrete barriers, right-of-way
fences, noise barriers, and perhaps to a lesser extent, guardrails are de-
signed to serve as barriers for people and noise, but they also function as
barriers to flora and fauna. These barriers may result in habitat fragmen-
tation and species isolation (Forman and Alexander 1998).

Wildlife underpasses and overpasses, long-span bridges, and cul-
verts can help to mitigate the adverse impacts of habitat fragmentation.
Examples of the use of these structures for ecological improvements are
identified in Chapter 4 of this report.

Poorly designed engineering structures can often hinder the
ecological improvements for which they were designed. In an aquatic
culvert system, for example, several key design characteristics ensure
effective utilization by the target species (see Box 3-1 under Biotic Con-
sequences).

Abiotic Consequences

Abiotic conditions that can be influenced by roads include hydro-
logical, geomorphological, and chemical characteristics and such distur-
bances as landslides, noise, and light. In this section, the committee con-
siders only changes to the abiotic conditions themselves, and examples
of each are provided below. How these abiotic changes affect the biota
is considered in later sections.
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Hydrological and Geomorphological Changes

Landscape changes result when roads alter the hydrological and
geomorphological aspects of watersheds and landscapes. They can cause
important changes (some for short periods, others for longer periods) in
fluvial dynamics, sediment production, and chemical balances, which
can adversely affect floodplain functioning and alter ecological condi-
tions in aquatic and riparian areas (Figure 3-1).

Roads also affect water movements, sedimentation, and transport of
pollutants. Because they often interrupt or otherwise alter sheet flow and

(a)

FIGURE 3-1 Road affecting four aspects of stream connectivity. (a) Up-
stream-downstream (1), floodplain-stream (2), forest-stream (3), and surface-
subsurface water connections (4). (b) The connections severed or disrupted by a
road in the floodplain. Source: Forman et al. 2003. Reprinted with permission;
copyright 2003, Island Press.
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runoff patterns, roads can affect the amount and quality of water that
goes to recharging groundwater (Forman et al. 2003; NRC 1996, 2004),
and they can affect surface waters in many ways. Because road em-
bankments trap dust and dirt and they face the low winter sun at an an-
gle, they can accelerate snowmelt (NRC 2003). Roads and associated
ditches can become part of hydrological networks (Forman et al. 2003).

Several geomorphological processes and factors influence change.
The nature of geomorphological processes affected by roads is strongly
influenced by where and how roads are constructed, by the geology of
the area, and by storm characteristics.

Chemical Characteristics
Water Quality

The most observable abiotic environmental consequence of roads is
the contribution of motor vehicles on paved roads to water pollution.
However, this contribution cannot be disassociated from the surrounding
land use.

The largest number of studies reporting on the chemical character-
istics of road effects focus on the chemical effects arising from rainfall
events at the single-segment scale (FHWA 1981; Asplund et al. 1982;
Gjessing et al. 1984; Kerri et al. 1985; Lord 1985; Yousef et al. 1985;
Barrett et al. 1995, 1998; Sansalone et al. 1995; Lopes and Dionne 1998;
Wu et al. 1998). Water quality is adversely affected by pollutants pre-
sent in surface runoff and the atmosphere. Pollutants that accumulate on
roadways from spills, wastes generated during vehicle use, litter, and
adjacent land uses enter waterways via surface runoff. Atmospheric wet
(snow and rain) and dry (smoke and dust) deposition of pollutants, which
can be transported long distances, also affects water quality and fisheries.
Although concentrations of nitrogen oxide (NOx) emissions from trans-
portation have been quantified, there is no way to quantify wet deposi-
tion sources of nitrates from motor vehicles. Further, no quantification
systems exist to measure or break down percentages of atmospheric ni-
trate deposition into a water body from specific nonmobile or mobile
sources.

The primary source of pollutants associated with road use comes
from vehicles, including fuel and exhaust; brake-lining and tire wear;
leakage of oil, lubricants, and hydraulic fluids; and cargo spillage
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(Forman et al. 2003, Hahn and Pfeifer 1994, Buzas and Somlyody 1997,
Ball et al. 1998) (Figure 3-2). Shaheen (1975) examined urban roadway
runoff and found that although the more hazardous constituents in high-
way runoff come directly from motor vehicles, they constitute less than
5% of the total solid pollutant load in highway runoff. These compo-
nents include organic materials, such as petroleum and n-paraffin found
in lubricants, antifreeze, and hydraulic fluids; lead; copper; chromium;
zinc; nickel; and asbestos. Asbestos in brake linings was banned in 1989
(Shabecoff 1989), so vehicular sources of asbestos are minuscule, al-
though resuspension of previously deposited asbestos is still a concern.
In spite of the low contribution of constituents originating from the vehi-
cle itself, vehicular traffic volume was identified as the principal factor
influencing pollutant mass in highway runoff. That might be because
vehicles are a transport mechanism as well as a source of pollution
(Asplund et al. 1982).

Road/roadside sources
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FIGURE 3-2 Sources of 23 pollutant constituents in storm-water runoff.
Source: Forman et al. 2003. Reprinted with permission; copyright 2003, Island
Press.
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More recent studies have associated chemical pollutants with traffic
flow. Pollution associated with traffic varies not only with the density of
the traffic but also with the ratio of passenger cars to trucks and the me-
chanical condition of the vehicles (Buzas and Somlyody 1997). Studies
of the Brunette River Watershed in British Colombia showed a correla-
tion between the concentration of hydrocarbons in streambed sediment
and storm water and the density of traffic. The three predominant hydro-
carbon types found—xylenes and alkyl-substituted benzenes, alkanes,
and high-molecular-weight unresolved complex mixtures—are consistent
with petroleum or petroleum-product sources, indicating a vehicle-
related source. Values were between 2.6 and 3.4 milligrams (mg) of hy-
drocarbon per liter (L) of sediment or storm water per unit of traffic (ve-
hicle km/day per hectare) (Larkin and Hall 1998).

There also is a strong correlation between concentrations of heavy
metals and volatile matter in highway runoff (Flores-Rodriguez et al.
1994). Metals associate with organic matter, thereby changing the metal
solubility, which primarily affects the temporal characteristics of the
runoff (Harrison and Wilson 1985).

Road salt has been commonly used to de-ice roads for many years.
Compared with the literature on other road-related contaminants, the
literature on pollution of surface water and groundwater by road salt is
voluminous (Forman et al. 2003). The use of road salt results in the ac-
cumulation of sodium and chloride ions in runoff, thereby increasing
concentrations of those ions in the soil, groundwater, and surface water
above background concentrations and sometimes to unacceptable con-
centrations in drinking-water sources. The increase in the concentrations
of ions reduce the soil’s ability for ion exchange, decreasing permeability
and aeration, and increasing alkalinity of the soil.

Air Quality

Some studies also focused on the impact of vehicular chemical pol-
lutants on local air quality. The majority of these studies examined the
impact of vehicular traffic on the presence or absence of volatile organic
compounds (VOCs) (Clifford et al. 1997, Tsai et al. 2002). Surprisingly
few studies have examined the effects of chemical pollutants at the in-
termediate scale that could provide valuable information on total area
effects primarily in watersheds or protected areas. Although most of the
concern with roads and air quality focuses on new emissions added by
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vehicle tail-pipe emissions, resuspended particles from traffic flow, dust
from roadside areas, and other fugitive (non-tail-pipe) emissions are of
concern.

The primary effects of local air pollution come from the increase in
VOCs, NOx, carbon dioxide, particulate matter, and ground-level ozone
that come from emissions of the traffic on the road. In the presence of
sunlight, VOCs and NOx are precursors of ozone, a regulated ambient air
constituent in the United States (de-Nevers 2000). The impact of these
pollutants on a variety of species, primarily humans, has been well
documented (Forman and Alexander 1998, Ilgen et al. 2001, Buckeridge
et al. 2002, Delfino et al. 2003, Dongarra et al. 2003, Wilhelm and Ritz
2003, Zmirou et al. 2004).

Other Disturbances
Landslides

Physical disturbance can disrupt ecological systems, and roads
promote such disturbances. For example, roads in mountainous areas
can create landslides due to unstable soil and steep slopes. Paved road
surfaces can increase water discharge rates in watersheds, thus increasing
the potential for landslides and flash floods in streams and rivers.

Lighting

Roads and associated structures usually have artificial lighting. At
some interchanges, especially near urban centers, the lights can be in-
tense. Many rural roads do not have lights, although headlights from
nighttime traffic and occasionally other lights are visible.

Noise
Noise along roads is a function of traffic type and amount. In rural

areas, road noise can be audible to humans up to 10 km from the road
and occasionally more than 10 km in optimal conditions.
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Local Climate Effects

Roads interact with climate at a wide range of scales. At local
scales, highly developed areas (urban centers) have been shown to ex-
perience an increase in temperature (Woolum 1964) in a process called
the urban-heat-island effect. Urban heating can also result in increased
rainfall (Shepherd et al. 2002). Roads change the albedo (fraction of
light reflected by a surface) and other surface characteristics, but other
structures, such as buildings, parking lots, and sidewalks, also contribute
to heat-island effects.

Local climate might also be affected simply by the presence of
roads and associated development. The loss of pervious surfaces and
vegetation and their replacement with impervious surfaces that hold heat
and do not respire result in localized temperature increases. Temperature
increases can result in increased volatilization of organic contaminants
from vehicular emissions (Saitoh et al. 1996). Thermal characteristics of
the road surface cause accelerated snow melt (NRC 2003).

Biotic Consequences

Roads can have biotic effects on the genetics of populations, on
species, and on ecosystems, and their effects can accumulate over space
and time (e.g., NRC 2003; Figure 3-3).

The framework prepared by the Environmental Protection Agency
(EPA) (Figure 6-1) also is a helpful way to conceptualize the ecological
effects that roads can have. In general, their effects can operate through
a variety of ecological mechanisms.

The effects occur at various stages of road planning, construction,
operation, maintenance, and perhaps decommissioning or road removal.
They often are expressed differently over space and time. Any approach
to the assessment of the ecological effects of roads must take these broad
categories of effects into account, as well as the variety of scales over
which they can operate. Below, the various categories of effects are dis-
cussed. The biotic consequences of the following effects of roads are
considered below: direct effects include roads as barriers, enhancement
of dispersal, roadkill, and effects on habitats; indirect effects include re-
sults of the access that roads provide to previously inaccessible areas,
changes in water and air quality, and effects of lighting and noise.
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FIGURE 3-3 Schematic representation of the primary ecological effects of
roads on species and populations. Source: Adapted from van der Zande et al.
1980. Reprinted with permission; copyright 1980, Elsevier.

Roads as Barriers

Roads can impede animal movements by direct mortality or avoid-
ance behavior. The barrier effect varies between species, road types, and
adjacent habitat quality; however, traffic volume and speed strongly in-
fluence the effect. Some authors have suggested that divided highways
with 90 m of cleared areas as barriers are as effective as bodies of water
twice as wide in obstructing dispersal of small forest mammals (Werner
1956, Sheppe 1965). In the Canadian Rockies, grizzly bears were more
likely to cross low-volume roads and more likely to cross at points with
high habitat rankings. Male grizzly bears were found closer to low-
volume roads than females, but they crossed roads less often than fe-
males, particularly during the berry season (Chruszcz et al. 2003).

The barrier effect for some species is less related to traffic than to
habitat changes (road-forest edges and gap creation caused by roads).
Small road clearances (less than 5 m) can impede movement of certain
small mammals. For example, road crossing by small mammals was in-
versely related to road width in Australia (Barnett et al. 1978), and small
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road clearances (less than 3 m) have been shown to reduce crossing by
small mammals, such as voles and rats (Swihart and Slade 1984).

Barriers to the movement of wildlife can lead to fragmentation of
populations. Isolation caused by physical barriers to movement, such as
roads, may reduce gene flow, thus causing genetic effects (Slatkin 1987)
that in the extreme could result in local extirpation. For small mammals,
that could result in ecosystem-level alterations because of their impor-
tance as seed dispersers and their role as prey for such predators as mar-
ten, wolverine, and raptors.

Fish passage can be blocked by improperly functioning stream cul-
verts (Box 3-1) or by a lack of them, creating an often impassable bar-
rier. The committee is not aware of studies showing that culverts have
genetic effects on aquatic organisms, although such effects could be ex-
pected. Knaepkens et al. (2004) used genetic analyses to show that a cul-
vert was not a migration barrier for the endangered European bullhead
(Cottus gobio), but Schaefer et al. (2003) reported that culverts did restrict
movement of the darter (Percina pantherina, a North American fish).

Because little is known about the long-lasting ecological effects of
roads on animal populations, concern has been raised about the large-
scale influence of barriers, such as interstate highways, on normal mam-
malian distributional patterns and perhaps ultimately on speciation
(Baker 1998). Mitigation measures, such as large-span bridges and wild-
life-crossing structures, are successfully being used to reconnect isolated
populations, restore hydrological processes, and assist movement of wild-
life across roads (Forman et al. 2003) (Figure 3-4, see also Chapter 4).

By creating barriers, roads also affect ecosystem functioning. The
effects of roads on hydrological processes, most commonly through in-
terfering with patterns of flow, have been the focus of many studies.
Changes in hydrological processes affect ecosystem processes, such as
habitat connectivity, primary productivity, decomposition, nutrient cy-
cling, and disturbance regimes (for example, flooding frequency and in-
tensity) (Jones et al. 2000).

Roads as Enhancers of Dispersal

Roads can act as habitat corridors as well as barriers. Road corri-
dors (roads, their verges, and sometimes roadside ditches or wetlands)
can contribute to the movement of wildlife and plant dispersal. Roadside
verges facilitate animal movement, resulting in range expansion or dis-
persal between core habitats. Verges also aid in the spread of plant spe-
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BOX 3-1 Aquatic Culvert Design Effects

Salmon have evolved to negotiate waterfalls during both up-
stream spawning migrations and downstream juvenile passage to
the sea. However, this ability is fairly rare among fishes. Few other
families can accomplish either, especially with respect to upstream
movement. Hence, even a small vertical rise or drop becomes im-
passable. The general image of a dam may be a wall of rock or con-
crete, but in fact any steep drop in flow of more than a few centime-
ters is impassable to most fishes.

Among the most common such barriers are road culverts, typi-
cally involving large pipes under a road where it crosses a stream. If
a culvert is not level with the grade of the stream, if the stream gradi-
ent is more than a few degrees, or if velocity exceeds 1 m/sec (and
even if a culvert initially lies level with the bed of the stream), flow
around and through the pipe scours and erodes the streambed.
Hydraulic jump upstream and outlet drop downstream create an
ever-steeper waterfall and deeper plunge pool. The pipe mouth
eventually extends out over the stream, creating a vertical drop while
lacking the rock face characteristic of a natural waterfall.

Culverts and similar road-crossing structures have proved to be
substantial barriers to fish passage. In a study of spring and summer
movement by 21 fish species in seven families in the Ouachita
Mountains of Arkansas, Warren and Pardew (1998) found an order
of magnitude less movement upstream through culverts than through
other types of crossings or natural reaches. They also found that
fishes upstream of culverts were significantly less likely than fishes
below culverts to move downstream, a result they attributed to
avoidance of the increased flow velocity that typifies culverts. Such
reluctance to move could be a factor isolating upstream populations
and contributing to localized extirpations. Culverts can increase vul-
nerability of imperiled species by reducing movement among habitat
patches. For example, federally threatened leopard darters (Percina
panthera) in Oklahoma failed to move upstream through culverts,
even though water temperatures at downstream sites had risen to
undesirable levels and thermal refugia were available upstream
(Schaefer et al. 2003).

Obstructions, such as culverts, and their impacts are avoidable.
Designs for culvert construction that minimize impacts on fishes are
readily available (TranSafety 1997, Moore et al. 1999, Bates et al.
2003) and take into consideration hydrological, geological, biological,
and economic factors. Where conditions prohibit design modifica-
tions that minimize culvert impacts, small bridges become a pre-
ferred, albeit more expensive, alternative.
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FIGURE 3-4 Wildlife crossings are designed to link critical habitats and pro-
vide safe movement of animals across busy roads. Typically they are combined
with high fencing and together are proven measures to reduce roadkill and re-
store movements and regional connectivity. The photograph is of a newly con-
structed open-span bridge underpass installed on the Trans-Canada Highway
near Canmore, Alberta. Source: Photograph by Tony Clevenger, 2005.

cies (often exotics). Roads with low traffic volumes are often used by
wide-ranging wildlife because of the ease of travel, particularly when
snow is present.

Invasion of nonnative plants can also occur from vehicles transport-
ing nonnative seeds into natural areas and clearing land during road con-
struction (Tyser and Worley 1992, Parendes and Jones 2000, Gelbard
and Belnap 2003). In addition, insects and pathogens can be transported
into new environments by vehicles (NRC 2002).

Roadkill

Roadkill can have demographic consequences for some species of
wildlife (Maehr et al. 1991, Jones 2000). Roads and traffic can reduce
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wildlife population densities and ultimately affect the survival probabil-
ity of local populations. Traffic-related mortality has contributed to the
decline of several species: Eurasian badger (Meles meles) (Bekker and
Canters 1997) and moor frog (Rana arvalis) (Vos and Chardon 1998) in
The Netherlands, Hermann’s tortoise (Testudo hermannii) (Guyot and
Clobert 1997) in southern France, and Florida panther (Felis concolor
coryi) (Maehr et al. 1991) are some examples. Road networks also par-
ticularly affect wide-ranging carnivore species (Machr et al. 1991, Bran-
denburg 1996). Metapopulation theory suggests that more mobile spe-
cies are better able to manage with habitat loss (Hanski 1999). Yet mor-
tality of individuals in the matrix habitat (for example, road corridors)
does not typically figure into metapopulation theory. Studies show that
when mortality is high in the matrix habitat, highly mobile species are
actually more vulnerable to habitat loss (Carr and Fahrig 2001, Gibbs
and Shriver 2002). Younger age classes tend to be more affected by
roads, as they interact more and live closer to them (Fowle 1996).

Habitat Effects

Roads have large, widespread effects on aquatic habitats (NRC
1996, 2004; Forman et al. 2003). When roads fail, landslides and tor-
rents of water-borne debris can have serious adverse effects on stream
habitats (NRC 1996). Roads and their associated structures, such as
bridges, culverts, and berms, modify streamflows and sediment transport
and often make passage for aquatic organisms more difficult or even im-
possible (NRC 1996, 2004; Forman et al. 2003; Warren and Pardew
1998; Schaefer et al. 2003). Because paved roads (and to a lesser degree,
unpaved roads) are impervious, they increase runoff and otherwise alter
hydrological patterns. Finally, they often interrupt the connectivity of
aquatic ecosystems, although by providing new networks of aquatic sys-
tems, for example, in long ditches, they can enhance connectivity as well
(Forman et al. 2003). Fragmentation effects of roads, as part of the cu-
mulative effects of many factors, can strongly influence the distribution
and land-use patterns of wide-ranging and migratory wildlife (Ward
1982, Noss et al. 1996).

Roads affect types of landcover, particularly their spatial composi-
tion and structural integrity. Although roads are narrow and linear, as
discussed previously in the chapter, they create a disproportionate
amount of habitat fragmentation, resulting in loss of connectivity. Al-
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though other factors contribute to fragmentation, roads are clearly a ma-
jor factor. There are various ways to measure habitat fragmentation that
reflect different ecological concerns, such as number of patches, patch
size, change in patch size, number of edges, edge size, and the nature of
the barrier. As road density increases, larger and more contiguous ex-
panses of habitat become smaller and more isolated (Forman et al. 2003).
Substantial amounts of edge habitat with increased heterogeneity are cre-
ated by roads and benefit “edge” species, such as white-tailed deer,
whereas interior “core-sensitive” species are at a disadvantage (Forman
et al. 2003).

Although roads typically adversely affect the density and diversity
of plant and animal species and populations, especially early on, there
are locations along roads and bridges over waterways that support
healthy and diverse wildlife populations. For example, in Virginia at the
crossings of the Potomac and Rappahannock Rivers along the 1-95 corri-
dor, there are populations of eagles and osprey that feed on the fish near
the road-bridge crossings. Although these particular species are sup-
ported in this area, it might not be their preferred habitat, and the density
and diversity of other wildlife in this area might be different from that
during preconstruction.

Roadside verges (margins) can increase habitat diversity where
there is little remaining natural or seminatural habitat. Depending on the
nature of roadside verges, they can support abundant populations of
some small mammals, insects, and birds, as well as native plant species.
Roadside verges can also be important habitats for rare native plant spe-
cies when juxtaposed in human-modified landscapes. For example, a
large proportion of native plants and animals in Great Britain are found
in roadside verge habitat. Furthermore, roadside verges have the poten-
tial to help restore native grass and wildlife communities. Also, in the
arid west, the productivity of desert vegetation can be markedly greater
near the roadside (Johnson et al. 1975), particularly on the upslope side.
However, large areas on the downslope side of the road can be deprived
of runoff, resulting in much lower plant biomass and productivity
(Schlesinger and Jones 1984).

Roads create ideal conditions for the proliferation of nonnative
plants because of increased light, disturbed soils, and dispersal vectors
(caused by wind and vehicles). Many nonnative plants were introduced
intentionally to control erosion; however, there are now ongoing efforts
to reduce the use and spread of nonnative plants on roadsides and in ad-
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jacent habitats. The practical aspects of nonnative plant management
and other resource issues are discussed further in Chapter 4.

Road Access with Secondary Effects

Roads are usually built to provide transportation corridors between
population centers or between industrial or resource centers and users. In
such cases, development and resource use, or the expectation of them,
precede and motivate the construction of roads. It can be difficult to
separate cause and effect in many cases, but an excellent example of a
road built to access planned development is the Dulles Airport Access
Road in northern Virginia, which was specifically built to provide that
access and which prohibits use by non-airport traffic.

However, roads also can bring about development or environmental
exploitation by providing access to secondary resources (not the re-
sources that the road was built to access). The provision of secondary
access often also involves the construction of secondary roads (e.g.,
Hawbaker and Radeloff 2004). The construction of the James Dalton
Highway from Fairbanks to Prudhoe Bay on Alaska’s North Slope to
service the Trans-Alaska Pipeline and provide road access to the large oil
fields also has provided access to the North Slope for recreational hunt-
ers, anglers, and tourists, increasing the mortality of some animal species
(NRC 2003). Forest roads in the Congo Basin (Africa) have had the sec-
ondary effects of providing market accessibility and access to animals by
hunters (Wilkie et al. 2000), and roads can influence patterns of settle-
ment and land use (e.g., Pedlowski et al. 1997, Wear and Bolstad 1998,
Hawbaker and Radeloff 2004). A major bypass being constructed
around the Hoover Dam on the northwestern Arizona and southeastern
Nevada border has caused developers to plan to build 55,000 houses in
sparsely populated White Hills, Arizona, because the new road will cut
the driving time to Las Vegas, Nevada, by at least one-third, making
commuting from there feasible (Argetsinger 2005).

Water Quality
Because roads are impervious, runoff from them is greater than that

from most unconstructed land cover types. As mentioned earlier, this
runoff usually contains pollutants from the road and the vehicles on it.
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Wegner and Yaggi (2001) reviewed the environmental impacts of
road salt and of its main alternatives, calcium magnesium acetate and
potassium acetate. They reported a variety of adverse impacts of salt on
roadside and aquatic plants and animals. Ferrocyanide used as an anti-
caking agent in road mixtures can also harm sensitive fishes (Environ-
ment Canada 2003).

Runoff contaminated with chemicals, including salt, affects road-
side vegetation. Salt runoff can damage vegetation, resulting in reduc-
tions in seeding establishment and flowering and fruiting of sensitive
plant species; foliar, shoot, and root injury; and growth reductions. Ar-
eas affected by salt runoff also demonstrate a shift in plant community
structure when salt-sensitive plant species are replaced by halophytic
species, such as cattails and common reed grass (Environment Canada
2003). Fleck et al. (1988) reported that roadside salt and sand applica-
tion resulted in significant declines in the vigor of roadside stands of
white birch (Betula papyfera), including increased numbers of dead
trees. Richburg et al. (2001) reported that both salt and invasive species
affected the species composition in a roadside wetland and suggested that
the presence of roads could have enhanced the ability of the invasive gi-
ant reed (Phragmites australis) to invade the ecosystem.

The effects of road salts on vegetation discussed above can affect
wildlife in several ways, including by diminishing their habitat (Wegner
and Yaggi 2001, Environment Canada 2003). Road salting can inhibit
movement across roads by amphibian species. Survivorship of some
amphibians was also reduced in roadside pools contaminated by road
salt. Behavioral and toxicological impacts have also been associated
with exposure of mammals and birds to road salts. Ingestion of road
salts increases the vulnerability of birds to vehicle collisions and may
poison some birds if water is not available.

NOx are emitted by vehicles and are deposited from the atmosphere
either through smoke and dust (dry deposition) or through rain and snow
(wet deposition). Both kinds of deposition contribute nitrogen to aquatic
environments, such as the Chesapeake Bay. Their effect accumulates
with the effects of other sources of nitrogen in runoff, mainly agriculture,
and they can result in algae blooms. Algae reduce the penetration of
light, thus killing submerged aquatic vegetation that forms the basis of
the bay’s food chain. As the algae die and decay, oxygen levels de-
crease, further affecting aquatic organisms. A diverse range of effects
can be generated by many sources of chemical pollutants, including
sediment, oil and grease, metals, and organics. Pollutants in runoff from
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highways are comparable to those of urban runoff (Ellis et al. 1997).
The organic chemicals tend to adhere and partition to particulate matter
and to accumulate in aquatic organisms. Many of these organic pollut-
ants are known or suspected to be carcinogens and are listed as priority
pollutants by the U.S. Environmental Protection Agency.

Air Quality

Alterations in roadside plant communities can also change chemical
characteristics of an ecological system. Chemical pollution from vehicle
exhaust (primarily NOyx) enriches roadside soil and changes plant com-
position, favoring a few dominant flowering plants at the expense of
more sensitive plant species (for example, ferns, mosses, and lichens).
The extent of this effect can range up to 200 m from multilane highways
and up to 35 m from two-lane highways (see previous section for discus-
sion on the effects of nitrogen dissolved in water).

Lighting

Artificial lighting associated with dams and canals in The Nether-
lands did not affect the spatial behavior of most mammal species; how-
ever, predators (such as stoats, foxes, and polecats) appeared to be at-
tracted to the lights (de Molenaar et al. 2003). The study did not evaluate
any effects of lighting, noise, and movement associated with the presence
of roads and traffic. Other studies examining lighting pollution in gen-
eral, however, suggest that roadway lighting has ecological effects
(Scigliano 2003). Beier (1995) found that cougars avoided night lighting
in a fragmented and increasingly urbanized habitat in southern Califor-
nia. Lighting in the study area was associated with industry and roads,
including residential and busy highways. More research is needed on the
effects of artificial lighting on animal movements to better understand
and properly assess how lit roadways and increasingly lit landscapes af-
fect the long-term survival of wildlife populations.

Noise

Impacts of noise from vehicle movement on humans have been well
documented, but noise also affects wildlife (Forman et al. 2003). For
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example, of 43 species of woodland breeding birds, 26 species (60%)
showed reduced densities near highways (Reijnen and Foppen 1994).
Traffic noise explained the most variation in bird density in relation to
roads in a regression model. This effect also occurred for grassland birds
(Reijnen et al. 1996) and is more important in years with a low overall
population size (Reijnen and Foppen 1995). An analysis of the total ef-
fect of The Netherlands’s most dense network of main roads on
“meadow birds” showed a possible population decrease of 16%, attribut-
able to reduced habitat quality and traffic noise (Reijnen et al. 1997).

It is not known how well wildlife can acclimate to constant noise,
for example, along a roadside, and acclimation no doubt varies among
organisms. Furthermore, breeding activities of species, such as birds and
amphibians that rely on vocalization, may be particularly susceptible to
disruption by noisy conditions. Existing noise barriers in suburban set-
tings are designed to protect humans from noise. As such, they can serve
as barriers to animal movement. Generally, noise impacts decline with
distance to the road.

Range of Occurrence of Effects

Roads interact with plants, animals, water, sediment, and other eco-
logical attributes in ways that extend beyond the road edge (Table 3-3).
The distance from a road that ecological effects can be detected is called
the “road-effect zone” (Forman et al. 2003) or “zone of influence” (NRC
2003). The effect of distance varies, depending on the organism, loca-
tion, and disturbance type, and generally increases with traffic volume
(Clark and Karr 1979, Reijnen and Foppen 1994, Nellemann et al. 2001).
Aquatic environments and organisms are highly sensitive to roads and
traffic densities (Eaglin and Hubert 1993, Vos and Chardon 1998, Turtle
2000). For example, wetland species diversity is negatively correlated
with paved-road density up to 2 km from wetlands (Findlay and Houla-
han 1997). The effects of roads on wetland diversity take about 3-4 dec-
ades to be fully realized (Findlay and Bourdages 2000).

Road-effect zones occur due to disturbances from high-volume traf-
fic, which can reduce the habitat quality near roads (Table 3-3). Breed-
ing densities and distribution of many bird species are reduced adjacent
to busy roads. Animals avoid roads by a distance that increases with in-
creasing traffic volumes. This road-avoidance zone contributes to the
road-effect zone. Similar distance effects of roads occur with chemical
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TABLE 3-3 Examples of the Extent to Which Road-Induced Effects
Penetrate Adjacent Habitat

Road Effect Distance Reference
Heavy metals
In soils and plants near roads 50-100 m Ministry of Transport,

Netherlands 1994
Chemical pollution

Oxides of nitrogen changing plant 200 m Angold 1997
communities
Animal distribution
Pink-footed geese (Anser 100 m Keller 1991
brachyrhunchus) and graylag
geese (4. anser) 150 m Ortega and Capen 1999
Territory size of ovenbirds (Seiurus
aurocapillus)
Traffic noise 200-1,200 m Van der Zande et al. 1980
Breeding bird density 40-1,500 m  Reijnen et al. 1996
Road lights
Breeding bird density 200-250 m  De Molenaar et al. 2000
Avoidance zone
Caribou (Rangifer tarandus) 5,000 m Nellemann and Cameron
200 m 1998
Deer (Odocoileus hemionus) and elk Rost and Bailey 1979
(Cervus elaphus) 1,000 m
Grizzly bears (Ursus arctos) and Kasworm and Manley
black bears (U. americanus) 1990
Increase in edge species
Component of bird community 100 m Ferris 1979
Road density
Wetlands species richness 2,000 m Findlay and Houlahan
Moor frog (Rana arvalis) presence 750 m 1997
Leopard frog (R. pipiens) 1,500 m Vos and Chardon 1998,
distribution Carr and Fahrig 2001
Early melting of permafrost 100 m Walker et al. 1987

pollution, nonnative plant species, and other wildlife species’ distribu-
tions. The road-effect zone is reduced on low-volume roads.

Scale of Effects

Most of the literature reviewed by the committee focused on the ef-
fects of roads on species and populations of wildlife and plants. The
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need to assess project-level effects of road building and expansion on
species and their populations as part of policy guidelines (the National
Environmental Policy Act and the Endangered Species Act) has been the
catalyst for most single-segment and intermediate-scale studies (Evink
2002). Although current research is making valuable contributions, its
ultimate impact is limited by low funding, inadequate coordination
across research entities, and short-term or project-specific focus (TRB
2002a).

Species and populations have been relatively well researched at the
intermediate scale, particularly with respect to the effect of roads on spe-
cies composition. Little information has been reported at the national
scale on species richness, nonnative plants at roadsides, and road-related
mortality of wildlife. These effects, although varied, are widespread
geographically. Thus, a synthesis of available information or meta-
analysis could provide valuable insight into the extent of effects at a
broader scale than is known today. The committee found that very little
research covers long periods, and almost no research has addressed large
spatial scales of road effects.

Few studies were found that describe the effects of roads on ecosys-
tems, and most of those were carried out at the single-segment scale.
Investigations of the effects at larger scales are scarce. A national-scale
assessment estimated that one-fifth of the U.S. land area is directly af-
fected ecologically by public roads (Forman 2000), even though the
paved road network covers less than 1% of the U.S. land area. With in-
creasing availability of digital biophysical and land-use data, geographic
information system (GIS) tools and applications are becoming widely
used among resource managers and transportation planners for amassing
information and modeling the potential effects of roads at multiple scales
(Dale et al. 1994, Tinker et al. 1998, Vos and Chardon 1998, Clevenger
et al. 2002a). The increased use of GIS will probably facilitate more
GIS-based studies that evaluate the ecological effects of roads at regional
and national scales.

Ecologists have long conducted studies on species diversity patterns
at broad spatial and temporal scales (Brown and Lomolino 1998). Yet,
attempts to understand how geographical and environmental features
structure genetic variation at the population and the individual levels are
new (Manel et al. 2003). These approaches focus on processes at fine
spatial and temporal scales by detecting genetic discontinuities and cor-
relating these with such environmental features as barriers, including
highways (Gerlach and Musolf 2000, Conrey and Mills 2001, Thompson
2003). The new genetic approaches and techniques combined with in
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creasing interest in how highways affect population viability is likely to
result in more research in the coming years.

The committee selected several of the most common ecological ef-
fects of roads and plotted the extent of their effects with respect to spatial
and temporal scales (Figure 3-5). The abiotic consequences of altered
water flow and sediment deposition are relatively fast-acting and essen-
tially limited to single-segment and watershed scales. However, the im-
pact of chemical pollutants, both organics and heavy metals, can be long
lived (such as contaminated drinking-water sources) and far reaching
(such as atmospheric deposition) due to sediment and particulate trans-
port, sediment accumulation, and bioaccumulation. For the biotic com-
ponent, reduced genetic structure related to barrier effects on animal
movement probably would be manifested over a longer period (months
and decades) and have effects at a broader spatial scale (watershed and
eco-regions) than most abiotic effects. Proliferation of invasive exotic
plants and landscape fragmentation due to roads occur over longer peri-
ods and are pervasive, affecting entire nations and continents as well as
smaller-scale areas.
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FIGURE 3-5 Spatial and temporal dimensions of ecological effects of roads.
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Figure 3-5 reveals some of the spatial and temporal scales at which
these effects most often occur. (See Figure 6-4 for another plot of spatial
scales by the U.S. Department of Defense.) The figure suggests that eco-
logical effects of roads can alter ecological processes over scales that
range from minutes to centuries (time) and from meters to thousands of
kilometers (in space). That is, ecological effects occur at scales that ex-
tend much longer in time and broader in space than those scales currently
being used in assessment, planning or management. This issue is ad-
dressed in subsequent chapters. The figure also suggests that there is no
“correct” scale for understanding how roads interact with ecosystems,
but rather multiple, overlapping ranges of scales that correspond to spe-
cific ecological structures and processes under consideration.

Figure 3-5 also indicates that ecological processes occur at particu-
lar scale ranges, and hence assessments conducted at different scales
could miss some ecological effects of roads. An example was discussed
in a recent National Research Council report (NRC 2003). In that case,
(unpaved) roads and the traffic on them affected the movements of cari-
bou, especially of females. As a result, the caribou were more likely to
encounter insects in years favorable to insects, and the interaction be-
tween roads and insects resulted in a subtle but measurable reduction in
carbon productivity in those years. Local assessments did in fact fail to
identify that effect; the assessment that was required extended over a far
greater area than the direct road-effect zone for caribou. Other cases
might include birds that migrate between wintering and breeding areas
over many thousands of kilometers. A road that affects a resting area on
a migration route might affect the entire population of the species, but
conducting the assessment at a scale of hundreds of meters—or even at
the scale of a county—could easily miss that population effect. A very
similar example would be a road that crossed a stream that provided
habitat for a migratory species of fish (see for example Box 3-1 and the
entire discussion in the section “Roads as Barriers” in this chapter). An
assessment at the scale of the barrier would most likely miss any popula-
tion effect.

Cross-Scale Effects
This section indicates that ecosystems are scale variant; that is, the

cross-scale biological structures and processes cannot be easily aggre-
gated from one scale to another but are dependent on the scale of focus.
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Scale variance is in contrast to many physical processes, such as water-
flow dynamics and large-scale fire patterns that are scale invariant (Gun-
derson and Snyder 1994). Scale invariance means that structures and
processes are self-similar as the scales change. A broad set of human-
induced ecological changes, such as forest-pest outbreaks, algae blooms,
salinization, and grassland to shrubland conversion, are all examples of
scale-variant phenomena. The property of scale variance has great im-
plications for the ability to assess and manage across a wide range of
scales.

The major conceptual framework for understanding ecological
cross-scale structure and dynamics is hierarchy theory. Ecologists (Allen
and Starr 1982, O'Neill et al. 1986, Allen and Hoekstra 1992) built on the
seminal work of Simon (1962) to develop a theoretical base that empha-
sizes a pattern of aggregations (hierarchical levels, or “holons”) nearly
separable across scales. Hierarchical levels can be identified by a
stronger set of interactions within a hierarchical level than among levels.
These hierarchical levels correlate to scales, and each level has character-
istic spatial and temporal domains; that is, each level (see leaf, tree, or
forest level in Figure 1-9) has a characteristic turnover time and spatial
domain. Hierarchical levels can be identified in ecological systems, but
how do they interact?

The nature of ecological interactions at various scales has been the
subject of much scientific debate. The focus has been on the interaction
between processes and their associated structures that operate for long
periods and over large spatial scales and processes that are faster and
smaller. They also have been cast as “top-down” versus “bottom-up”
control. An example of top-down control, sometimes called “hierarchi-
cal control,” is how altered soil types and microclimates associated with
road rights-of-way determine the suite of plant and animal species that
thrive. Because roads affect variables that change slowly, such as geo-
logical formations, soil composition, and topography, they often produce
top-down effects. However, top-down and bottom-up effects often occur
together and interact; this complex and dynamic set of ecological interac-
tions has been called “panarchy” by Gunderson and Holling (2002). Ex-
amples of such interactions include disturbance dynamics, such as forest
fires or forest-pest outbreaks (Gunderson and Holling 2002). Peterson
(2002) demonstrated how a road network can disrupt spatial patterns and
succession in southern U.S. forests. Other types of surprising ecological
behavior appear to arise from such panarchical interactions.
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Scales of the U.S. Road System and Ecological Effects

The physical structure of the U.S. road system covers few thou-
sands of kilometers. The replacement time of roads is on the order of
multiple decades, although this value can vary as a function of road type.
The presence of roads across the landscape generates a variety of effects
and interactions with ecological systems. The effects fall into three cate-
gories: (1) effects that are fixed in scale; that is, the domain of the
change is fixed in space and time with sharp boundaries; (2) effects that
generate or initiate cross-scale interactions; and (3) effects that constrain
or limit cross-scale interactions. In this context, cross-scale interactions
are those that traverse hierarchical levels. Each of the categories is de-
scribed in the following paragraphs.

Many ecological effects of roads are spatially small. Most of the
documented effects occur at the road-segment level, which includes the
road, roadside, and a zone described as the effective road-impact zone
(Forman et al. 2003). Generally, the zone ranges from a few meters to a
few kilometers, depending upon the type of impact. Many effects are
confined to the road and shoulder zone. Altered physical and chemical
soil conditions from construction, management (fertilization or salt ap-
plications), or vehicle exhausts are found primarily in a narrow zone
around roads. Some of the effects on biota, such as changes to popula-
tions (increased mortality) or community composition, occur primarily
within this zone or within an area of a few hundred meters perpendicular
to the road segment.

Some road effects cross scales of space and time. These effects in-
clude the abiotic and the biotic components of ecological systems. One
example is the set of effects on hydrological systems, where sediments,
nutrients, and heavy metals are introduced into riparian systems.
Changes in inputs have created shifts in biogeochemical cycles, resulting
in changes in species distribution and abundance. Another cross-scale
effect occurs when roads serve as ecological corridors and increase dis-
persion. One example attributed to roads is the spread of exotic organ-
isms, both plants, such as kudzu, and animals, such as armadillos (Taul-
man and Robbins 1996).

Many ecological effects of roads eventually influence structures
and processes at longer and broader scales than first imagined. The
spread of kudzu (or any other invasive organism) is a good example of
an unintended, broader scale effect. Originally intended as an ornamen-
tal vegetation cover for stabilizing steep roadsides, the vine has spread
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across much of the southeast, invading areas never imagined in original
assessments. Similar arguments could be made for the nutrients, such as
nitrogen from automobile exhausts, that have been observed to spread
via atmospheric transport and accumulate in wetland and estuarine areas.

Cumulative effects have been described in two ways. One type of
cumulative effect is the cross-scale effect described in the previous para-
graph. These effects accumulate over time, space, or both. They can
manifest as a cumulative change in an ecosystem structure or function,
such as the increase in the amount of heavy metals in soils adjacent to
roadways or the increase in species or populations, such as scavengers
that eat organisms killed on the roadway. Spatial accretions occur as
structures increase in distribution, such as the spread of kudzu. The other
type of cumulative effect involves synergistic interaction among key
structures or functions associated with a road. For example, caribou mi-
gration in Alaska was differentially affected by the combination of roads
and oil pipelines (NRC 2003). The implications of the latter type of ef-
fect for assessment and environmental review are discussed in the next
section on cumulative effects.

The final set of effects occurs when roads decrease the scale of eco-
logical structures or processes. Often, they are barriers to landscape-
scale phenomena. The restriction of wildlife migration or dispersion has
long been recognized as a road effect. Fragmentation of populations due
to roads is another such effect. Broad-scale disturbances, such as fire,
that are critical to many types of ecosystems (prairies in the Midwest and
pine forests in the eastern and western United States) are limited in spa-
tial extent by roads that act as fire breaks. In some fire-adapted ecosys-
tems where fire is heavily managed, rules of smoke management restrict
when and how prescribed fires may be set because of the need to prevent
visual hazards on roads caused by the smoke. Shifts in the timing and
extent of fires can generate large-scale changes in ecosystems.

Cumulative Effects

Even though the awareness of the ecological effects of roads has
grown steadily over the past few decades, only a small body of literature
addresses cumulative effects associated with roads. In evaluating effects
of oil and gas activity on Alaska’s North Slope, the NRC (2003) found
that roads had a synergistic effect with pipelines and off-road vehicle
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traffic. These factors accumulated to affect the habitat and behavior of
animals, physically changed the environment next to the road, and in-
creased access and social contacts among human communities. Caribou
migration on and near roads, although they are gravel, is one example of
a cumulative effect; roads with a parallel pipeline and those without a
parallel pipeline had different migration patterns (Forman et al. 2003,
NRC 2003). In addition, new roads often are associated with develop-
ment of residential, commercial, and industrial activities. In some cases,
the roads are built to support the new activities and, in other cases, the
roads lead to the additional development.

INFORMATION GAPS

Historically, most studies of road effects have been carried out at
the project level, with local studies focusing on specific transportation
effects. Collaborative research among multiple government agencies has
been lacking. States or provinces have had little coordinated formal data
sharing to allow for information syntheses and analyses of effects at lar-
ger and perhaps more meaningful scales of evaluation. Defining the ap-
propriate scale of research will depend on the ecological condition of
interest. A watershed is one example of an appropriate spatial scale to
assess water-quality issues. Transportation projects sponsored by the
Federal Highway Administration (FHWA) and the Transportation Re-
search Board (TRB) have stimulated and encouraged collaborative stud-
ies involving multiple state agencies with similar transportation problems
that might be solved through large-scale ecological assessments and
pooled-funding approaches (TPF 2004). Pooled-funding projects often
focus on specific information needs defined by the collaborative state
transportation agencies, which frequently represent diverse environments
across the continent. Often, projects are not defined by appropriate
scales or ecologically defined areas, such as specific eco-regions (for
example, the northern Rocky Mountains).

Reports have called for nationwide assessments and national syn-
theses on how wildlife respond to highway barriers, for mapping habitat
linkages and landscape connectivity at regional and national scales, and
for means of standardizing roadkill data collection and analyses (Evink
2002). Two reports (Evink 2002, TRB 2002a) highlight the need for
more systems-level studies addressing long-term issues regarding re-
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search in surface transportation and natural systems, in addition to con-
tinuing studies focusing on short-term, project-specific, transportation
needs.

General sources of research for transportation and ecology include
FHWA, TRB, NCHRP, American Association of State Highway and
Transportation Officials Center for Environmental Excellence, universi-
ties, and other agencies. As discussed above, these efforts have produced
a substantial body of literature that documents the effects of roads and
traffic on ecological conditions. However, almost no studies of ecologi-
cal effects of roads have been conducted over long time periods (multiple
decades) or at large spatial scales (spatial windows above tens of kilome-
ters). Such studies should be a priority for research. Few, if any, studies
directly address ecological effects of road density.

The appropriate scale for research is not always known beforehand,
and the ecological impacts of roads can go undetected if an arbitrary
scale is chosen for the research. Some multiscale studies have shown
that roads affect ecological condition at much larger scales than previ-
ously thought. Therefore, multiscale studies can uncover the ecological
effects of roads and the scale at which roads affect ecological condition.

Finally, much of the research on the ecological effects of roads can
be found in reports that may not have been peer-reviewed or commer-
cially published. For example, committee members are aware of studies
documenting the effects of roads on sediment production in reports from
the state departments of transportation, the Army Corps of Engineers,
and the World Bank. Although included in some searchable databases,
such as the Transportation Research Information Service, these reports
are not included in scientific abstracting services (for example, Cam-
bridge Abstracts) and, therefore, are generally less accessible to the aca-
demic research community. Future studies on the ecological impacts of
roads should be published in the peer-reviewed venues.

SUMMARY

Roads influence ecological conditions across a range of organiza-
tional levels and scales. A large part of the scientific knowledge of eco-
logical effects of roads has been based on short-term studies focused on
narrowly defined objectives and has generally been related to specific
construction or planning needs. As a result, more research is needed on
ecological effects that occur over large areas or long periods. Ecological
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conditions are not only affected by the construction of roads and road
appurtenances (bridges and culverts) but also by the traffic on the roads
and, at larger scales, by the increases in road density. The ecological
effects of roads are much larger than the roads themselves, and the ef-
fects can extend far beyond ordinary planning domains. Few studies ad-
dress the complex nature of the ecological effects of roads. For example,
little is known about how roads impede access to foraging areas or key
prey species, potentially resulting in cascading or other trophic effects.
Studies assessing ecological effects are often based on small sampling
periods and, therefore, do not adequately sample the range of variability
in ecological systems. More research should be directed at identifying
the appropriate scale at which roads affect ecological conditions.

Information on the resiliency of biodiversity components to road-
related disturbances is needed to better understand the effects of roads on
ecological systems. Research on the ecological effects of roads over
long periods or at large spatial scales and research on the complex nature
and impacts of roads within ecologically defined areas, such as water-
sheds, eco-regions, or species’ ranges, should be a priority. Research on
the local scale should continue, however, because the context of many
transportation decisions is at the local scale with direct application, and
studies that address the context are likely to be the most frequently used
and have the largest influence.
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INTRODUCTION

Although the development and operation of the transportation sys-
tem can affect ecosystems and their components at many scales and in
many ways (see Chapter 3), many approaches have been developed to
avoid and reduce these effects. Protecting natural resources and provid-
ing safe and effective transportation are in the public interest, and ad-
dressing both of them is good public policy and practice. Ameliorating
environmental effects can occur at all phases of road projects—from
planning and design through construction and maintenance operations.

The most protective approach is to avoid environmental effects al-
together. Another approach is to take measures to minimize effects that
cannot be avoided, and a third approach is to compensate for effects.
However, it is useful to consider mitigation as a three-tiered hierarchy
involving avoidance, minimization, and compensation in a priority order
that reflects the principle that it is generally better to leave something
alone than to try to fix it after environmental effects have occurred. Dis-
cussions of project mitigation often focus on compensatory mitigation,
such as mitigation of on-site impacts or compensation through off-site
third-party alternatives (mitigation banks or in-lieu fee programs). The
focus on compensatory mitigation options, however, can overlook other
important ways that environmental factors can be addressed in transpor-
tation work. Understanding mitigation as a sequence is an important part
of addressing effects comprehensively. This concept can be followed
throughout the process of transportation project planning and development.

98
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Managers have a number of opportunities to improve environ-
mental conditions after design and construction phases of road projects.
As roads are built and used, new and unforeseen effects often appear.
Some of these effects can be addressed during ongoing maintenance op-
erations on the roadbed and roadside.

This chapter discusses opportunities for ameliorating the effects of
roads. It begins with a discussion of mitigating effects organized by
scales of administrative organization; the largest scale pertains to
national or regional perspectives, the medium scale includes state or
highway corridor planning, and the smallest or finest scale applies to the
decisions and opportunities associated with individual transportation pro-
jects. The chapter ends with a section on opportunities for increased en-
vironmental stewardship during routine maintenance operations after
construction.

SCALE-BASED CONSIDERATIONS
OF ENVIRONMENTAL MITIGATION

National or Regional Perspectives (Broad Scale)

At the national and regional scales, opportunities for ameliorating
the environmental effects of transportation come in the form of broad
public policy for governmental agencies. Environmental issues are often
treated as a permitting issue rather than a dimension of project design.
Environmental regulations and permits are intended to protect certain
types of natural resources, such as wetlands or threatened and endan-
gered species, but this system does not always promote the best, most
comprehensive treatment of environmental issues. Actions at the federal
level can help to improve the process in the following ways:

e Provide policy, guidance, and funding for transportation design
and decision making that take ecological processes into account.

e Expand the knowledge base for assessing potential effects of
transportation activities through nationally funded research projects.

e Encourage cross-disciplinary dialogue between engineers, ecolo-
gists, and other environmental professionals to raise mutual awareness of
each other’s expertise, needs, and challenges.
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e Share information from practical experience. The larger per-
spective of national agencies and organizations permits identification and
promotion of positive examples of success as well as lessons learned.

State and Highway Corridor Considerations (Medium Scale)

Opportunities to ameliorate the ecological effects of transportation
activities at the medium scale equate best to the planning stages of indi-
vidual projects, larger road corridors, and statewide transportation system
plans. These plans identify long-range needs for meeting transportation
objectives.

In medium-scale planning efforts, it is possible to set a direction
that can avoid and minimize many ecological effects of roads before
projects are planned. In most cases, transportation projects consist of
improvements to existing systems rather than consisting of new-road
construction options. There are fewer options for minimizing effects in
improvement projects; however, improving culverts and bridges and the
routing are some ways to reduce the ecological impacts of projects on
existing systems. Where new alignments are being considered, changes
to the overall pattern of roads in a local area can also be considered. For
example, roads may be consolidated or realigned to avoid an ecologically
sensitive area, such as a wetland. Other examples are provided in the
following section.

Regional planning activities typically occur within politically de-
fined areas, such as municipalities, counties, or portions of states. These
boundaries make sense when considering the interaction between socio-
economic systems and a regional plan. However, the interaction between
ecological systems and a regional plan is most effectively considered
within an ecologically defined area, as suggested in Chapters 3, 5, and 6.
The appropriate ecologically defined area will depend on the ecological
conditions of interest. For example, if water quality is the environmental
issue of concern, the watershed would be the most appropriate planning
area. If the concern is for persistence of a particular species or popula-
tion, the range of that species or population should define the planning
area. If the concern is for a particular ecosystem process, the appropriate
planning area might be an eco-region. Planning boundaries for assessing
the interaction between the road system and the ecological systems
should coincide with ecologically defined boundaries, such as water-
sheds, eco-regions, and species ranges, determined by the complexities
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of the environmental issue. Multiple concerns should be addressed at the
most appropriate planning area and may involve more than one. For ex-
ample, the appropriate planning area for concerns about the continued
survival of a species that is dependent on a particular ecosystem process
(improved water quality) may need to consider two ecologically defined
boundaries: watershed and species range.

The following discussion on strategies to reduce the effects of roads
and traffic considers only the needs of flora and fauna. The committee
realizes that transportation authorities must consider and balance multi-
ple interests but offers these strategies to provide guidance on setting
priorities for the ecosystem independent of other competing factors.

One way to reduce the ecological effects of roads is to reduce the
extent of road corridors in a region, especially through valuable habitat
(Figure 4-1). In considering planning options for reducing or limiting the
ecological effects of roads, the regional planner is required to first con-
sider whether it is possible to avoid building new roads. In some cases,
removal of a road may also be considered. It is usually impractical to
remove a road that local residents and businesses depend on, even when
substantial ecological benefits may be gained. In addition, road removal
is costly. Therefore, road removal is usually not considered to be a prac-
tical option.

Many ecological effects of roads are due to traffic rather than to the
road itself. For example, pollution from vehicles may alter plant com-
munities to distances of at least 200 m from the road (Trombulak and

Worse Better

a, b, C,

FIGURE 4-1 Illustration of a reduction in total road length reducing the eco-
logical effect of roads and traffic (a; + b; <c;; a, + by <c).
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Frissell 2000). Increased traffic can also cause an increase in habitat loss
because the distance maintained by animals to avoid a road (the road-
avoidance zone) increases with increasing traffic volume (Figure 4-2).

There are many possible methods for reducing the total amount of
traffic on the roads and concomitant environmental effects. The details
of how to achieve these results are outside the charge of this committee
and not addressed in this report.

Natural bodies of water, such as rivers, streams, ponds, and wet-
lands, are particularly sensitive to the effects of nearby roads and traffic.
As discussed in previous chapters, roads affect runoff, especially storm-
water runoff, and hence have effects on the flows of nearby streams, on
rates of groundwater recharge, and on water quality. For new and recon-
struction projects that receive federal funding, the Federal Highway Ad-
ministration (FHWA) requires that “standard management practices” be
used to control stormwater. For example, stormwater impacts impacts
may be managed by routing the water to infiltration areas, away from the
road base, to reduce the amount of pollutants discharged to water bod-
ies. Stormwater management is still a major concern for projects not
on the primary road system (for example, local roads under different
jurisdictions).

Natural water bodies are a critical component of the life-history re-
quirements of many species, which may be required to move between the
water body and other habitat areas on a daily basis or during an annual
migration. In mountainous areas of the western United States, roads are
intimately associated with major streams and rivers, usually paralleling
them in, or next to, riparian areas, which are even more important for
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FIGURE 4-2 Illustration of the effect of traffic volume on the road-avoidance
zone or the distance maintained by those animals that avoid a road.
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wildlife habitat and movement in arid areas. Roads near water bodies
cause high mortality of animals moving to and from the water. For ani-
mals that avoid roads or traffic, the presence of a road near a water body
can limit the animal’s ability to access the water or the other necessary
habitats. Roads also increase human access to natural water bodies, re-
sulting in their indirect degradation. Research by Carr and Fahrig (2001)
showed that negative effects of road density on aquatic animal popula-
tions occur within 1.5 km of ponds and wetlands for turtles and within 2
km of ponds and wetlands for amphibians.

In most cases, it will not be possible to either remove roads or re-
duce overall traffic volume in the region. However, planners can strive
to reduce the ecological impacts of roads by implementing measures that
redirect most traffic away from ecologically sensitive natural areas in the
region (Figure 4-3).

The previous suggestions illustrated in Figures 4-1 to 4-3 are aimed
at reducing or at least not increasing the road density and traffic volume
regionally and locally. However, the regional planner is often faced with
a demand for increased traffic capacity, which will adversely affect eco-
logical conditions. There are some general strategies that planners can
use to minimizing these effects.

In general, there are fewer ecological effects from one road than
from two roads. As discussed above, roads themselves (independent of
the traffic on them) have ecological effects, such as hydrological
changes. The road-avoidance zone (Figure 4-2) is one of the factors con-
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FIGURE 4-3 Illustration of reducing traffic near ecologically sensitive water
bodies.
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tributing to the road-effect zone, which widens with increasing traffic
(Forman et al. 2003, NRC 2003). However, the width of the road-effect
zone increases at a declining rate with increasing traffic (Figure 4-4;
Foppen and Reijnen 1994, Reijnen and Foppen 1994, Reijnen et al. 1995,
Forman and Deblinger 2000). Measures that reduce roads and traffic
within 2 km of water bodies are particularly effective in ameliorating
ecological effects of roads. When an increase in traffic must be accom-
modated, the ecological effects will be less when adding to an existing
road rather than building a new road, all else being equal.

All the suggestions illustrated in the figures depend on the particu-
lar circumstances under consideration. For example, if the existing road
is near a water body, more ecological damage might be caused by in-
creasing traffic on it than by building a new road if it is in a less ecologi-
cally sensitive location. There also can be social and political reasons for
not increasing traffic volume on existing roads. When more traffic must
be accommodated but the volume on existing roads cannot be increased,
construction of a new road may be the only viable option. The ecologi-

Road Effect Zone

A B

Traffic Volume

FIGURE 4-4 Conceptual illustration of the general relationship between the
width of the road-effect zone and the volume of traffic on the road. The width
of the road-effect zone increases at a declining rate with increasing traffic. For
example, traffic volume doubles from A to B, but the road-effect zone increases
by much less.
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cal effects of a new road can best be minimized by building it as far from
natural areas as possible and through developed areas, such as urban ar-
eas or areas of intensive agriculture (Figure 4-5). In fact, if a road is
placed through a high-intensity agricultural area, roadside verges of
seminatural habitat can represent an ecological benefit of the road.

In summary, fewer larger, high-volume roads are preferred to many
smaller, low-volume roads, because the impact of roads on the local
ecology increases with distance and volume at a declining rate. Another
benefit to this strategy is the preservation of larger habitat areas and less
habitat fragmentation. Research on rural roads in The Netherlands indi-
cates that habitat fragmentation can be reduced by using techniques for
easing the impact of traffic in residential areas, referred to as “traffic
calming” (Jaarsma 1997, Jaarsma and Willems 2002). Specifically, traf-
fic calming is used to concentrate traffic flows so that the majority of the
traffic is on major roads. The result of these tactics is less construction
of new roads and therefore reduced habitat fragmentation, suggesting
that a less dense road network with higher volumes results in less habitat
fragmentation.

Sometimes, political and economic conditions might not allow im-
plementation of measures to reduce traffic on roads near natural areas. A
new road might even be built near or through such areas. Measures can
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FIGURE 4-5 Illustration of how the ecological effects of a new road can be
mitigated by consideration of surrounding land use. Roads inserted in urban or
agricultural areas may have a smaller ecological effect than roads inserted in
natural areas.
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be implemented that permit water and animals to pass safely under the
road, such as lengthening bridges or constructing viaducts, or that permit
animals to move over the road, such as wildlife overpasses (Figures 3-4,
4-6). For example, where roads cross small streams, culverts can be re-
placed by bridges that are long enough and high enough to permit
movement of stream animals, as well as terrestrial animals, under the
road. Wildlife overpasses also can be used to connect otherwise discon-
nected populations. Fencing along both sides of the roads discourages
animals from attempting to cross the roads and funnels them to the un-
derpasses or overpasses where they can safely cross.

Using Environmental Data in Medium-Scale Planning Efforts

Factoring ecological information into transportation planning relies
on quality information about the environmental resources in the planning
area. Due to the broad landscape context of road systems, landscape pat-
terns and processes must be incorporated into the planning and construc-
tion process (Forman 1987). When used in a geographic information
system (GIS) environment, regional or landscape habitat connectivity
models can facilitate decision making in identifying, setting priorities
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FIGURE 4-6 Illustration of mitigation measures to reduce the ecological ef-
fects of roads when it is not possible to redirect traffic away from natural areas.
Measures include lengthened bridges to permit flows of water and animals under
the road and wildlife overpasses to permit animal movements over the road.
Crossing rivers at right angles shortens the bridge and the ecological effects.
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for, and designing amelioration measures (for example, corridors for
animal movement) (van Bohemen et al. 1994, Bekker et al. 1995). Use
of such models provides for the development of a more integrated land-
use strategy by taking into account different land-management practices
and priorities of habitat conservation concerns.

At the medium-scale planning stage, evaluating potential environ-
mental effects can take the form of relatively simple screening of project
areas (sensitive wetlands, streams, or habitat for species with special
management considerations) and pollution sources (contaminated sites or
air quality). Evaluation can also consider adjacent land uses, especially
where they involve natural-resource management. Other resources could
include information on wildlife and vehicle collisions in the area. Rapid
assessment methods using GIS hold promise for streamlining the plan-
ning process when the effects of transportation on the environment are
considered from the onset. These methods are discussed in detail in
Chapter 6.

Governmental agencies and nongovernmental organizations that
manage natural resources are involved in many types of conservation
planning. Some examples include state biodiversity plans, endangered-
species recovery plans, and watershed-restoration plans. Many of these
plans are not conducted in coordination with transportation planning in-
formation and as a consequence do not take the existing transportation
network or potential expansion into account. Land-use and environ-
mental-restoration plans present opportunities to link transportation
planning with environmental protection. Linking the plans can help to
(1) identify natural resources that should receive special consideration of
avoidance and minimization strategies; (2) identify ways for transporta-
tion projects to contribute to environmental enhancement as part of fu-
ture project planning and implementation; and (3) provide direction for
the location and design of compensatory mitigation sites so that these
sites can help to maximize benefits by supporting larger conservation
objectives.

A number of examples of this collaborative planning exist in the
United States. These joint efforts provide a good opportunity for ad-
dressing a broader set of environmental concerns early enough in the
transportation project to shape and modify the project. The California
Department of Transportation and the Nature Conservancy have under-
taken such collaborative projects (Box 4-1). Other examples of such
planning efforts can be found in specific transportation plans at the
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BOX 4-1 Caltrans and TNC

The California Department of Transportation (Caltrans) and the
Nature Conservancy (TNC) have collaborated on a partnership to
minimize the environmental impacts from road projects. Developed
in 2002, Caltrans and TNC combined California Transportation In-
vestment System data highlighting existing paved roads, current pro-
jects, and planned development for the next 20 years and TNC port-
folio sites displaying conservation and biodiversity data at multiple
scales. The GIS overlays provide both parties a visual representa-
tion of key land areas of concern and possible impacts on individual
species that may be occurring now or in the future because of road
projects. Caltrans and TNC are discussing how the GIS tool can be
implemented in transportation planning within the state.

transportation-department websites of Florida (see also Chapter 6) and
Washington states.

Environmental Mitigation at the Individual
Project Scale (Small or Fine Scale)

The transportation activities in individual projects on road segments
correspond to the finest scale of analysis. At this scale, transportation
actions include designing and evaluating alternative designs, obtaining
environmental permits, developing project-specific mitigation measures,
acquiring right-of-way lands, and constructing the road. Ongoing main-
tenance and road operations also occur at this scale.

Mitigation Considerations During Project Design

Environmental issues, needs, or desired conditions need to be
known at a fine scale of resolution for factoring into project develop-
ment. In the early stages of the project design, context-sensitive design
and alternative development can be selected to avoid and minimize ad-
verse environmental effects. A simple example would be to increase the
slope along the sides of a roadway to minimize wetland fill. Other ex-
amples include selection of roadway alignment (such as following topo-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

Ameliorating the Effects of Roads 109

graphic contours rather than cutting across them), use of alternative con-
struction methods, or timing of construction.

Many new and alternative construction techniques have been intro-
duced to minimize environmental effects—for example, noise from pile-
driving, which can be disruptive and harmful to wildlife, can be reduced
by the use of vibratory hammers instead of impact hammers. Underwa-
ter bubble curtains can be used to reduce sound-pressure transmission
underwater, which is known to harm aquatic animals (Turnpenny et al.
2003). Fish-startle systems that produce high-frequency signals have
been used to reduce the impacts of aquatic blasting by temporarily relo-
cating fish from a project site (FHWA 2003a). The timing of construc-
tion projects can be adjusted to avoid periods that are especially sensitive
for fish and wildlife.

Traffic, however, is the primary source of noise that affects animal
behavior (Forman et al. 2003). Strategies to reduce traffic noise, typi-
cally intended for human benefit, include improvements in road surfaces
and vehicles and reducing the volume of trucks in ecologically sensitive
areas. Results of studies in The Netherlands showing that effects of traf-
fic noise can result in decreased breeding-bird densities within 1,000 m
of high-volume roads (Van der Zande et al. 1980, Reijnen et al. 1996)
and other traffic noise-related studies have led the Dutch government to
begin repaving high-volume roads with ZOAB, a noise-absorbing porous
asphalt (Piepers 2001). Similar amelioration measures to reduce traffic
noise are under way in the United Kindgdom where the Highways
Agency’s goal is to reduce noise on 60% of their trunk roads (major
highways) during the next 10 years (Price 2003). In Germany, a recently
developed tire can produce half the pavement noise of a conventional tire
at the same price (Carstens 2003).

Other noise-reducing strategies include the use of soil berms (low,
smooth earthen ridges) and vegetation that, unlike noise walls, are not
barriers to wildlife movement. Noise reduction can be further improved
by the combination of narrow soil berms along below-grade roads (For-
man et al. 2003).

Wildlife crossings are perhaps the most conspicuous amelioration
measures on roadways. Wildlife passages are found in 23 states, 17 of
which are beginning to systematically incorporate wildlife crossings into
roadway designs (Evink 2002) and across Europe (Damarad 2003).
Some of the most successful examples come from Florida, where 32 un-
derpasses were built along Interstate 75, and from Banff National Park,
Alberta, where 24 crossings, including two overpasses, were installed on
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the Trans-Canada Highway. In both locations, the measures were effec-
tive in dramatically reducing wildlife and vehicle collisions and barrier
effects to animal movement (Clevenger et al. 2002b, Evink 2002).

Central median (or Jersey) barriers are frequently used to separate
lanes of traffic and often extend over many miles. These 1-1.5-m high
concrete structures are designed to prevent head-on collisions, but they
also form a wall that can disrupt wildlife movements (Servheen et al.
1998, Forman et al. 2003). Despite the potential impact on wildlife
movements, mortality, and driver safety, the “Roadside Design Guide”
does not address this issue (AASHTO 2002b).

As a means of increasing road permeability for wildlife, many state
departments of transportation are installing Jersey barriers with a modi-
fied design that allows passage of small fauna. However, there is no in-
formation regarding how effective these modified barriers are, and there
are no standard guidelines regarding their placement. Installation of
large wildlife crossings is generally an issue of maintaining habitat con-
nectivity for key and wide-ranging, fragmentation-sensitive wildlife spe-
cies. For many small and medium-sized mammals, drainage culverts
have been found to provide critical habitat linkages (Yanes et al. 1995,
Clevenger et al. 2001, Foresman 2003).

Spacing intervals for wildlife crossings vary among environments,
species for which crossings are designed, and conservation objectives
(which might range from simple genetic interchange to more complex
restoration and maintenance of ecosystem processes). Therefore, guide-
lines for spacing have not been developed.

Some environmental concerns can be addressed through setting de-
sign standards for projects. For example, wider bridge spans and reduc-
ing or eliminating in-water piers help to limit effects on aquatic systems.
Design standards for stream crossings that routinely incorporate in-water
piers can help to improve environmental conditions. The periodic recon-
struction of highway bridges that span riparian areas is an excellent op-
portunity to improve wildlife passage along riparian corridors by widen-
ing bridge spans or by habitat enhancement.

A series of best-management practices (BMPs) for road construc-
tion has been developed for reducing or ameliorating the adverse effects
of roads on aquatic ecosystems described in Chapter 3. The BMPs often
focus on mitigating effects on fish passage or stream habitat (e.g., Tran-
Safety 1997, Moore et al. 1999, Robison et al. 1999, Bates et al. 2003).
The techniques, summarized by the National Research Council (NRC
2004), include the following approaches:
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e Careful planning of the road’s route to keep the road on terrain
that is resistant to landslides and erosion and to minimize the number of
stream crossings.

e Designing bridges and culverts with hydraulic characteristics
that allow aquatic organisms to pass through them in both directions, as
appropriate to different life stages.

o Engineering techniques, including the appropriate use of vegeta-
tion, to stabilize embankments.

e Managing stormwater runoff to reduce hydraulic connections be-
tween roads and streams. To the degree that a road is impervious, as
paved roads generally are, stormwater runoff is enhanced and concen-
trated unless provision is made for adequate drainage. Even unpaved
roads enhance and concentrate runoff.

e Controlling soil erosion on newly constructed roads, stream
crossings, and related structures.

e Maintaining the crossings regularly to prevent debris and beaver
dams from allowing culverts to become clogged. A clogged culvert can
turn a road crossing (embankment) into an earthen dam, whose inevitable
failure will lead to a torrent of water, debris, and sediment.

Unlike other areas of transportation research, there are virtually no
design guidelines for building wildlife-crossing systems (Evink 2002).
This area of research is an emerging science. Consequently, there are
few published studies to refer to for design criteria for habitat connec-
tivity structures for wildlife (for example, wildlife passages) or guide-
lines for multiple species or fragmentation-sensitive species (for exam-
ple, wide-ranging large carnivores). The National Cooperative Highway
Research Program is currently funding a project that will be the first at-
tempt to develop a state-of-the-art guidance and a decision-support tool
to enable well-founded decision making on habitat connectivity struc-
tures for wildlife (TRB 2004).

Some amelioration measures are expensive, making it difficult to
decide what actions are appropriate and what level of investment is justi-
fied. There are definitive standards for some mitigation, such as place-
ment of noise walls. For many impacts, however, there is discretion and
flexibility in deciding how to mitigate. Competing interests, costs, and
operational issues must be balanced with environmental needs, so it is
important to know what scale of enhancement will provide a meaningful
ecological benefit. These decisions become more difficult when basic
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information is lacking, such as preconstruction criteria needed to evalu-
ate the performance of wildlife-crossing structures.

Mitigation projects should have a priori criteria or performance
standards that are agreed upon by all responsible for supervising the im-
plementation and functioning of the mitigation measures (NRC 2001).
The standards can be designed with some flexibility (or ranking) in terms
of goal attainment and target dates and later be refined and updated if
required. A small but growing body of information on methods to meas-
ure mitigation effectiveness is becoming available as more mitigation
projects are undertaken.

Determining how well amelioration measures perform requires
long-term study (NRC 2001). Research needs to be an integral part of a
highway mitigation project, even long after the measures have been in
place. Mitigation is costly, requiring an important investment of public
funds. Transportation agencies and biologists responsible for designing
approaches to ameliorate highway effects are hampered by the lack of
information on the performance of the measures because few post-
construction performance studies have been carried out (Romin and Bis-
sonette 1996). Such studies would provide useful information for future
decisions.

Long-term research in Banff National Park, Alberta, has been suc-
cessful in providing valuable information about performance of a variety
of measures (including fencing, warning signs, and reflectors) designed
to reduce the effects of the Trans-Canada Highway on wildlife popula-
tions (Clevenger et al. 2002b). More than 6 years of research and moni-
toring of 24 wildlife passages, landscape changes around them, and wild-
life populations that the passages are designed to sustain have shown the
importance of long-term study. A Transportation Research Board report
cited the highway mitigation research in Banff National Park as having
worldwide importance and as being one of the most successful research
projects for wildlife connectivity (Evink 2002).

Data from Banff suggest that the annual patterns and trends of wild-
life use of the passages provide strong evidence that there is a learning
curve or adaptation period for all wildlife species regardless of passage
type (overpass or underpass). Small sampling time periods, typical of 1-
or 2-year monitoring programs, are too brief, can provide spurious re-
sults, and do not adequately sample the range of variability in wildlife-
crossing-use patterns in landscapes with complex wildlife and human
land-use interactions. For wildlife passages to be effective over the long
term, they will have to be able to accommodate the fluctuations in spe-
cies, their demographics, and variances in animal behavior while main-
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taining viable populations around them. Continuous long-term monitor-
ing of wildlife-crossing structures and wildlife populations is critical for
assessing the conservation value of mitigation passages for wildlife.

Wildlife crossings are expensive measures, but the gap in devising
cost effective designs and decision-support tools based on ecological and
engineering criteria leaves no alternative. Roads do not affect wildlife
populations equally (Forman et al. 2003). Road mortality has a more
immediate impact on population viability compared with barrier effects
on genetic isolation. Thus, different levels of effort are required to assess
the ecological benefits of wildlife crossings in regard to restored move-
ment patterns, genetic interchange, or road-kill reduction.

Compensatory Mitigation

Wetlands are ecosystems that must be specifically addressed under
the Clean Water Act (see Chapter 5). A review by the NRC (2001) re-
ported on how effective the “no net loss” rule has been for compensatory
mitigation of wetlands permitted under Section 404 of the Clean Water
Act and how it may be useful for mitigation of transportation project ef-
fects on wetlands. The report stated that wetlands processes should be
evaluated in the context of the watershed or region within which a wet-
land exists to maintain wetland diversity, connectivity, and appropriate
proportions of upland and wetland systems needed to enhance the long-
term stability of the wetland and riparian systems. The report suggested
avoiding such wetland types as bogs or fens that are difficult to restore
and paying special attention to riparian wetlands. The report recom-
mended that self-sustaining wetlands be the goal of mitigation or restora-
tion. The report’s operational guidelines for self-sustaining wetlands are
listed in Box 4-2.

OPPORTUNITIES FOR ENVIRONMENTAL STEWARDSHIP

Although mitigation of environmental concerns is being addressed
at a variety of scales during the planning and construction phases of road
development, a tremendous opportunity exists for transportation agencies
to become better environmental stewards through ongoing maintenance
and operations activities. These opportunities focus on managing vegeta-
tion in road corridors and rights-of-way, on watershed management, and
on improving other targeted ecosystem processes.
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BOX 4-2 Operational Guidelines for Creating
or Restoring Self-Sustaining Wetlands

1
c
2. Adopt a dynamic landscape perspective.

3. Restore or develop naturally variable hydrological conditions.

4. Whenever possible, choose wetland restoration over creation.

5. Avoid over-engineered structures in the wetland's design.

6. Pay particular attention to appropriate planting elevation,
depth, soil type, and seasonal timing.

7. Provide appropriately heterogeneous topography.

8. Pay attention to subsurface conditions, including soil and sedi-
ment geochemistry and physics, groundwater quantity and quality,
and infaunal communities.

9. Consider complications associated with wetland creation or
restoration in seriously degraded or disturbed sites.

10. Conduct early monitoring as part of adaptive management.

Roadside Maintenance and Management

Twelve million acres of land are in public rights-of-way, an area
larger than many states (White and Ernst 2003). Both directly and indi-
rectly, these roadside areas are habitats for nonnative invasive species
and provide corridors for the expansion of nonnative species. The social
values associated with roadside vegetation have changed over time. Ini-
tial focus for roadsides was on “beautification” projects or bank stabiliza-
tion and led to plantings of exotic grasses and plants, such as kudzu (see
Chapter 3). Beginning in the 1970s, these aesthetic goals were sup-
planted by more ecological goals, although the two are not mutually ex-
clusive. Roadside vegetation management seems to be moving in the
direction of native species’ restoration and maintenance (Figure 4-7).
The state of lowa’s roadside management program is an example where
transportation agencies are partnering with other groups to achieve goals
of restoring large areas of prairie ecosystem (White and Emnst 2003).
The committee heard reports from the New York Department of Trans-
portation of similar opportunities for roadside ecosystem restoration car-
ried out as part of normal maintenance operations. The Washington De-
partment of Transportation has a soil bioengineering program that uses
native plants and seeds, which are well adapted to local climate and soil

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

Ameliorating the Effects of Roads 115

a) Non-native plant ) Native, diverse,
assemblage plant community

>

Maintenance operations

R e T P T L K S
R e T P T L K S
R e T P T L K S
R e T P T L K S
R e T P T L K S
R e T P T L K S

e

| e

=3

™ I | vy I ]
> "
| IF
| 3 e
c) road as barrier d) road permeable
to landscape processes to landscape
processes

FIGURE 4-7 Examples of ecological restoration performed by ongoing road
maintenance operations. The top of the diagram (a to b) indicates restoration
activities done in a variety of states, where alien pest plants (a) were replaced by
diverse native plants (b). In the lower half of the diagram, many restoration
projects have reestablished landscape processes, such as water flow or animal
migration.

conditions, to provide erosion control, slope and stream bank stabiliza-
tion, wildlife habitat, and other benefits. These projects usually require
less heavy machinery and can be installed when the site problem is small
and during slow construction periods, thereby costing less and causing
fewer impacts. The development of training manuals and the sharing of
experiences, data, and information would help to build a body of knowl-
edge on ways to achieve these ecological goals.
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Improving Specific Ecosystem Processes

The committee also uncovered numerous examples of small-scale
projects that produced environmental benefits. These ranged from sensi-
tive-species mapping and planting, stream habitat improvement, con-
struction of stormwater treatment facilities, and improved aquatic habitat.
Other small-scale projects focused on endangered species recovery and
restoration, such as riparian and stream restoration for salmon in the Pa-
cific Northwest and fencing for protection of the desert gopher tortoise.
Other projects included attempts at decreasing habitat fragmentation by
construction of multifunctional crossings, widening of bridges, and
improving wildlife connectivity. These projects integrate a variety of
objectives, such as improving fish passages and stormwater and noise
management, in environmental retrofit programs and can lead to broader-
scale, such as watershed scale, improvement of ecosystem functioning
(Figure 4-7c,d).

SUMMARY

This chapter has presented a set of existing and potential opportuni-
ties for mitigating the ecological effects associated with three major
phases of road projects: planning, construction, and maintenance. At the
national scale, the types of conclusions made in Chapters 3, 5, and 6 are
all germane. Environmental issues should be addressed earlier in the
planning and design phases. Interdisciplinary teams could be developed
to share data, understanding, and expertise. At the medium and fine
scales, many designs, activities, and projects have been done to mitigate
effects. However, information, studies, and databases on the long-term
functionality of these mitigation efforts are sparse. Long-term studies
and a greater set of analytical tools are needed to help inform decision
makers about the implementation of mitigation efforts, such as wildlife
habitat connectivity structures. These tools could help to assess appro-
priate locations and design measures for these efforts. Many other op-
portunities exist for improving environmental conditions in road project
operation and maintenance. Projects have addressed improving water
quality, aquatic habitat, habitat for species of concern, control of nonnative
plants and animals, and reestablishment of habitat connectivity.
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INTRODUCTION

This chapter addresses the existing legal planning and policy setting
for consideration of ecological effects associated with roads in urban and
rural locations. The primary focus is on the federal environmental laws
that apply to federally funded or approved highways under programs
administered by the U.S. Federal Highway Administration (FHWA).

The chapter first summarizes federal transportation laws, describing
the transportation planning and project development structure. While
these laws establish requirements for federal funding of transportation
projects, they also impose a structure on regional and local transportation
planning and project development. Transportation planning, largely a
local function, is subject to laws and policies that are different from those
that apply to development of specific transportation projects.

These are major federal environmental laws that generally apply to
transportation projects, but there is no single law of ecological concerns
for transportation planning or projects. Rather, ecological issues are
covered, in part, under a suite of different federal laws. FHWA main-
tains an extensive and easily accessible Environmental Guidebook
(FWHA 2004a) that includes a summary of all environmental require-
ments, as well as specific regulations and guidance regarding specific
environmental resources.

117
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TRANSPORTATION PROCESSES: HOW TRANSPORTATION
IS PLANNED AND PROJECTS ARE DEVELOPED

Transportation planning and project development reflect the desires
of communities, including consideration of the impacts of roads on the
natural and human environments. Federal transportation law recognizes
the important role of the states and local communities in planning, build-
ing, and maintaining roads. To understand the legal requirements con-
cerning ecology and the environment, it is necessary to understand the
structure for transportation planning and project development. The proc-
esses through which a road gets planned, built, and maintained provide
opportunities and obligations to incorporate ecological concerns.

There are substantial differences between transportation planning
and project execution or development with respect to the governmental
entities involved and their legal obligations for environmental or eco-
logical resources. Transportation planning encompasses the processes
under which states, regions, and localities plan their desired regional
transportation systems for periods up to and sometimes exceeding 20
years. Although environmental issues must be considered in transporta-
tion planning, the only important mandatory requirement concerns con-
formity with air pollution standards. As described more fully below, the
federal government reviews transportation plans solely to ensure protec-
tion of air quality, not to protect any other environmental resources, such
as water quality.

In contrast, project execution or development includes all the work
done to implement a particular road project, such as a new road, road
improvement, or other discrete endeavors. Projects are developed and
implemented with detailed, site-specific evaluations of engineering,
costs, safety, transportation mobility, and environmental concerns. Gen-
erally, the state, city, or county government manages a specific project.
Most of the federal environmental requirements apply to project devel-
opment and implementation rather than transportation planning. In pro-
ject development, various ecological issues are addressed. An excellent
summary of the transportation planning process and environmental re-
quirements is found in Blaesser et al. (2003). Additional information can
be found in FWHA (2004b).
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FEDERALLY STRUCTURED
REGIONAL AND LOCAL PLANNING

Metropolitan Planning Organization

Transportation planning is the province of the metropolitan plan-
ning organization (MPO), a nonfederal entity established under federal
laws. Despite its title, and despite the focus of this report on non-urban
roads, it is appropriate to consider MPOs here, for two reasons. The first
is that MPOs do not operate only in urban areas. Indeed, some areas that
are within their purview have considerable wildland or ecosystem values
worth protecting. As an example, the proposed Inter-County Connector
(ICC) in Maryland is within the purview of an MPO, and yet much of the
controversy about that proposed highway concerns the effect it might
have on wetlands and other undeveloped ecosystems. There are other
examples as well. Thus, this discussion of MPOs is in fact relevant to
many roads in nonurban—even rural—areas.

The second reason is that for rural locations lacking population
density needed to support an MPO, a rural planning organization or the
state conducts transportation planning. The rural or state planning in lieu
of an MPO involves the same considerations and similar processes as
MPO planning.

The MPO is a transportation policy-making organization and is
made up of representatives from local government and transportation
authorities. MPOs were created under the Federal Surface Transporta-
tion Assistance Act of 1973, which required the formation of an MPO for
any urbanized area that had a population greater than 50,000. Subse-
quent transportation legislation further addressed the duties and bounda-
ries of MPOs. For example, MPO duties were modified in the Intermo-
dal Surface Transportation Efficiency Act of 1991 and the Transportation
Equity Act for the Twenty-First Century of 1998 (TEA-21), which had
enormous impacts on the nation's transportation system. Together, these
two laws dramatically increased investment in roads and bridges, spurred
a revival of public transportation, and helped to create a more efficient
and interconnected roadway system (AASHTO 2002a, 2003; FWHA
2004b). Under current law, the core metropolitan and statewide trans-
portation planning requirements remain intact. The law emphasizes the
cooperation of local and state and local officials with transit operators to
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tailor the planning process in meeting the needs of state and metropolitan
transportation (AMPO 2004).

Current federal law requires that the MPO consider seven objec-
tives in transportation planning, among which is protection and en-
hancement of the environment (see item D in list below). The U.S. Code
(23 USC § 134(f) [2003]) states the following:

(f) Scope of Planning Process.—
(1) In general. —The metropolitan transportation planning
process for a metropolitan area under this section shall provide
for consideration of projects and strategies that will—

(A) support the economic vitality of the metropolitan area,
especially by enabling global competitiveness, produc-
tivity, and efficiency;

(B) increase the safety and security of the transportation
system for motorized and nonmotorized users;

(C) increase the accessibility and mobility options avail-
able to people and for freight;

(D) protect and enhance the environment, promote energy
conservation, and improve quality of life;

(E) enhance the integration and connectivity of the trans-
portation system, across and between modes, for peo-
ple and freight;

(F) promote efficient system management and operation;

(G) emphasize the preservation of the existing transporta-
tion system.

Environmental protection is a specific planning goal; however, it is
one of seven broad goals that the MPO must balance. The statute
exempts planning authorities from court challenges that allege that the
authority failed to follow any of these planning goals. The planning
process is also expressly exempt from application of the National Envi-
ronmental Policy Act (NEPA).

The transportation planning process is linked to the federal funding
structure. Federal transportation funding is distributed to states on a
population-based formula, and the states decide how to allocate funds to
projects within their borders. Thus, transportation planning commences
with a state transportation improvement plan (STIP). The STIP provides
general guidance for state transportation programs but leaves most
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choices, such as when, where, and how to pursue particular projects, to
the MPO at the local and regional level.

The MPO engages in two major planning exercises on a regular
schedule. Every 3-5 years, the MPO must consider and revise both its
long-range plan and its short-range implementation plan. More frequent
planning is required for localities suffering poor air quality. These plan-
ning processes are critical steps during which communities consider their
future transportation needs. To qualify for federal funding, projects must
arise from properly adopted long-range transportation plans (LRTPs) and
STIPs.

The Long-Range Transportation Plan or Metropolitan
Transportation Plan

The MPO (or state for rural areas) adopts the LRTP, identifying the
various ways that a region plans to invest in the transportation system
over a 20-year period or more. The LRTP includes “both long-range and
short-range program strategies/actions that lead to the development of an
integrated intermodal transportation system that facilitates the efficient
movement of people and goods” (23 CFR § 450.322(a) [1999]). For ex-
ample, the LRTP may identify specific road segments to be widened,
general locations for construction of new roads, major reconstructions or
repairs, and other systemic improvements. The LRTP provides a re-
gional, systemwide “blueprint” for the transportation network, some-
times also viewed as a regional “wish list.”

The LRTP (23 CFR 450C § 450.322 [1999]) contains several ele-
ments, including the following:

e Identify policies, strategies, and projects for the future.

e  Determine project demand for transportation services over 20
years.

e  Focus at the systems level, including roadways, transit, non-
motorized transportation, and intermodal connections.

° Articulate regional land use, development, housing, and em-
ployment goals and plans.

e  Estimate costs and identify reasonably available financial
sources for operation, maintenance, and capital investments (see Part II,
section on financial planning).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

122 Assessing and Managing the Ecological Impacts of Paved Roads

e  Determine ways to preserve existing roads and facilities and
make efficient use of the existing system.

e  Be consistent with the statewide transportation plan.

e  Be updated every five years or three years in air quality nonat-
tainment and maintenance areas.

MPOs make special efforts to allow interested parties to be in-
volved in the development of the transportation plan. Although gov-
erned by local law, MPOs generally have public sessions on LRTPs and
must meet mandatory public participation standards. In cases where a
metropolitan area does no meet national air quality standards (a nonat-
tainment area) or is now in compliance (a maintenance area), the plan
must conform to the state implementation plan (SIP) for air quality.

Transportation Improvement Program

The MPO (or state for rural areas) also adopts the transportation
improvement program (TIP), a 2-year program, under a restricted budget,
that covers priority implementation projects and strategies from the
LRTP. The TIP identifies what the locality wants to commence in the
short-term, 2-year period. The TIP enables a region to allocate its trans-
portation monetary resources between the various operating needs and
the capital needs of the area. These allocations are based on a clear set of
short-term transportation priorities.

Under federal law, the TIP (23 CFR 450C § 450.322 [1999])

e  Covers a minimum two-year period of investment.

o  Isupdated at least every two years.

e  Is realistic in terms of available funding (known as a fiscally
constrained TIP) and is not just a “wish list” of projects.

e  Conforms to the SIP for air quality if the region is designated
a nonattainment or maintenance area.

e  Isapproved by the MPO and the governor for air quality.

e Is incorporated into the statewide transportation improvement
program (STIP).

As with the LRTP, the MPO will provide notice and hold public
hearings when adopting a TIP.
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Most MPOs act as an overall coordinator for planning and, by vir-
tue of adoption of the TIP, programming funds for operations and pro-
jects. Implementing the projects in the TIP generally becomes the re-
sponsibility of the states’ Departments of Transportation (DOTs) or the
city or county governments. Given the roles of different levels of gov-
ernment, the MPO must involve local transportation providers in the
planning process. Thus, during the transportation planning stage, MPOs
include a wide range of entities, such as state DOTs, transit agencies,
maritime operators, airport authorities, rail-freight operators, port opera-
tors, Amtrak, and regional operating organizers.

Transportation planning is a cooperative phase. No single agency
has full responsibility for the planning of construction, operation, or
maintenance of the entire transportation system. For example, some
roads that are part of the interstate highway system are subject to certain
federal standards. However, they are usually maintained by a state DOT.
Other roads are city streets or county arterials designed, operated, and
maintained by local municipalities or counties. Transit systems are often
built, operated, and maintained by an entity separate from the highway
authority. The MPO is responsible for seeking the participation of all
relevant stakeholders and agencies in the planning process.

Funding for roads also depends on actions by state legislatures;
even federally supported roads require states to share in the costs. By
allocating funds and providing other direction, state legislatures can ad-
just priorities for particular projects within the planning horizon of the
TIP or the LRTP. For example, the legislature may opt to accelerate or
postpone funding for particular projects identified in the TIP or LRTP.
The LRTP and TIP processes generally result in “wish lists” with shift-
ing priorities.

Project Development and Execution

After the state planning, MPO long-range planning, MPO short-
range implementation planning, and legislative involvement, specific
road projects are ready for implementation. At this project development
and execution level, most of the laws concerning ecology and environ-
ment apply.
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Project development involves all the site-specific considerations,
including safety, engineering, and environment, that influence decisions
regarding how and where to build a project. For example, the TIP may
have identified the need to add capacity to a road segment based on pro-
jected population growth and assumed that the road should be widened
by one lane in each direction. Project development efforts will involve
evaluating the various technical issues of such a project. The evaluation
will include detailed transportation analysis (needs), structural assess-
ment (engineering), community effects assessment (noise, dislocations,
and viewsheds), and safety and environmental (all natural resources) as-
sessments. After these assessments, a proposal (and alternatives) will be
considered. Assuming approval, the project will be built and subse-
quently maintained. Project implementation involves decisions on fi-
nancing, construction, and subsequent operation and maintenance. Dur-
ing implementation, a number of activities will be subject to specific
permit controls and limitations.

As even this short synopsis illustrates, project development and im-
plementation involves the greatest detail of environmental consideration,
largely because it is the stage at which the precise physical effects are
evaluated and the most specific potential environmental effects are
known.

FHWA Environmental Policies

The surface transportation laws administered by FHWA provide for
evaluation of environmental concerns at all levels of transportation plan-
ning, development, execution, and operation (23 USC §§ 109(h), 128
[2003]; 23 CFR 771, 772 [2001]). These transportation laws set forth
many guiding environmental standards that must be followed by the
FHWA and other highway governing bodies when building and main-
taining highways. These laws ensure that decisions on highway projects
consider the public interest and that all possible economic, social, and
environmental adverse effects of highway projects and locations are con-
sidered. These laws apply to the planning and the development of any
proposed projects on any federal-aid highway system. Consideration of
environmental matters allows for balancing of environmental and trans-
portation interests.

FHWA has long maintained strong environmental policies. The
FHWA 1994 environmental policy statement (EPS) represents a contin-
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ued commitment to the enhancement and protection of the environment
by providing the policies and procedures for the development of envi-
ronmentally sound projects (FWHA 2004a). The 1994 policy updated
the 1990 FHWA environmental policy. In 2002, the President issued
Executive Order 13274, Environmental Stewardship and Transportation
Infrastructure Project Reviews, which reiterated the environmental goals
of the U.S. Department of Transportation. FHWA environmental poli-
cies and guidance are available through the environmental programs of
the FHWA Office of Planning, Environment, and Realty.

The EPS provides guidance on integrating environmental concerns
into the full transportation process:

For an effective, environmentally sound transportation system, the
Federal-Aid Highway Program and its projects must incorporate
environmental considerations and neighborhood and community
values and goals into every phase of transportation decision mak-
ing. But FHWA must practice environmental sensitivity on an even
broader scale. Environmental objectives must be considered in
every aspect of FHWA's organization and decision-making (FHWA
1995).

The EPS and current FHWA policy also require

. Consideration of social, economic, and environmental issues
equally with engineering issues.

e  Coordination of planning to conform to air quality implemen-
tation plans.

e  Defining the “environment” to include the natural and built
environment.

e  Encouragement of broad-based public involvement early and
continuously in the process.

e  Encouragement of continual consideration of environmental
factors throughout all phases of project.

e  Encouragement of corridor preservation to ensure early con-
sideration of environmentally sensitive areas.

e  Encouragement of enhancement of the natural and human en-
vironment.

e  Encouragement of mandates going beyond compliance to
strive for environmental excellence.
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e Integration of environmental goals and effects by local, re-
gional, and state land-use planning.

e  Promotion and support of watershed planning.

e  Promotion of multi-modal solutions to transportation and air
quality problems.

e  Requirement of environmental commitment compliance and
implementation.

e  Requirement of full compliance with environmental protec-
tion laws, regulations, Executive Orders, and policies.

. Requirement of full consideration of avoidance, minimization,
and mitigation of adverse effects.

e  Support for an interdisciplinary approach.

e  Support for environmental training to develop environmental
professionals in transportation.

. Support for research and development to raise the level of ex-
pertise to state of the art.

o  Support for the merger of NEPA with other environmental re-
views and decisions regarding permits.

Additional FHWA environmental policy provides that

e To the fullest extent possible, all environmental investiga-
tions, reviews, and consultations be coordinated as a single process, and
compliance with all applicable environmental requirements be reflected
in the environmental document required by this regulation.

e  Alternative courses of action be evaluated and decisions be
made in the best overall public interest based upon a balanced considera-
tion of the need for safe and efficient transportation; of the social, eco-
nomic, and environmental effects of the proposed transportation im-
provement; and of national, State, and local environmental protection
goals.

e  Public involvement and a systematic interdisciplinary ap-
proach be essential parts of the development process for proposed actions.

e  Measures necessary to mitigate adverse effects be incorpo-
rated into the action. Measures necessary to mitigate adverse effects are
eligible for Federal funding when the Administration determines that

—The effects for which the mitigation is proposed actually re-
sult from the Administration action; and
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—The proposed mitigation represents a reasonable public ex-
penditure after considering the effects of the action and the benefits
of the proposed mitigation measures. In making this determination,
the Administration will consider, among other factors, the extent to
which the proposed measures would assist in complying with a
Federal statute, Executive Order, or Administration regulation or
policy.

. Costs incurred by the applicant for the preparation of envi-
ronmental documents requested by the Administration be eligible for
Federal assistance.

The national policy Executive Order 13274 declares,

The development and implementation of transportation infrastruc-
ture projects in an efficient and environmentally sound manner is
essential to the well-being of the American people and a strong Ameri-
can economy. Executive departments and agencies (agencies) shall
take appropriate actions, to the extent consistent with applicable law
and available resources, to promote environmental stewardship in
the Nation's transportation system and expedite environmental re-
views of high-priority transportation infrastructure projects.

Among the steps taken to implement this policy, the FHWA
adopted the “Vital Few Environmental Goals” to focus some of its ef-
forts on environmental stewardship. This policy has several specific ob-
jectives (FHWA 2004c¢):

Objective 1

To improve the environmental quality of transportation decision-
making, all 50 States, the District of Columbia, Puerto Rico, and the Fed-
eral Lands Highway (FLH) Divisions will use, by September 30, 2007

o [Integrated approaches to multimodal planning, the environ-
mental process and project development at a systems level; and/or
o Context Sensitive Solutions (CSS) at a project level.

Objective 2

To improve the timeliness of the both the federal aid and FLH envi-
ronmental process:
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o FEstablish time frames for EAs [environmental assess-
ment] and EISs [environmental impact statement] and meet the
schedules for 90% of those project by September 30, 2007,

e Decrease the median time it takes to complete an EIS from 54
months to36 months by September 30, 2007, and

e Decrease the median time to complete an EA from approxi-
mately 18 months to 12 months by September 30, 2007.

Objective 3

To increase ecosystem and habitat conservation, implement by Sep-
tember 30, 2007, a minimum of 30 exemplary ecosystem initiatives in at
least 20 States or Federal Lands Highway (FLH) Divisions.

Objective 1 encourages consideration of environmental concerns at
the planning as well as at the project setting. Context-sensitive solutions
or context-sensitive design is a policy to enhance environmental issues at
the project stage and allows the setting to help guide how the projects are
designed (Box 5-1).

Objective 2 addresses time frames and reduction of delay. The is-
sue of whether projects are delayed because of environmental compli-
ance obligations and the need for “streamlining” is complex and is re-
lated to the quality of available environmental information addressed
elsewhere in this report.

In furtherance of objective 3, in October 2003, FHWA (2003b) re-
leased criteria for evaluating projects that increase ecosystem and habitat
conservation. FHWA has publicized projects that exemplify ecosystem
and habitat conservation on its website and in conferences and training.
These policies encourage attention to and protection of ecosystem func-
tions at all levels of transportation.

To implement its environmental policies, FHWA has developed
numerous guidance documents, training, and other information to assist
states and localities. These are available through FHWA and other
transportation agencies. For example, with respect to wildlife and roads,
FHWA offers a website called Critter Crossings, providing links and
guidance for wildlife crossings. The program describes working exam-
ples of wildlife protections in road systems. FHWA also offers guidance
on the ecosystem approach and transportation and information on exem-
plary programs (FHWA 2003b,d). FHWA administers its policies re-
garding ecosystem analysis and protection through guidance and training.
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BOX 5-1 Context-Sensitive Solutions and Designs

“Context sensitive design asks questions first about the need
and purpose of the transportation project, and then equally ad-
dresses safety, mobility, and the preservation of scenic, aesthetic,
historic, environmental, and other community values. Context sensi-
tive design involves a collaborative, interdisciplinary approach in
which citizens are part of the design team.”

Thinking Beyond the Pavement, Maryland State Highway
Administration Workshop, 1998 (MSHA 1998)

The following case study illustrates how context-sensitive solu-
tions or designs can foster improved relations between all interested
parties, while encompassing environmental, historical, and scenic
conservation or mitigation, and still maintain the overall goal of pro-
viding safe and efficient transportation. The case study will focus
primarily on the environmental aspects even though the project con-
tains other context-sensitive solution factors.

The Smith Creek Parkway project (Martin Luther King Jr. Park-
way) in Wilmington, North Carolina, consisted of an area of more
than 7 miles and was divided into four sections. Two of the sections
consist of wetlands. The project was enacted to reduce traffic con-
gestion, travel times, and congestion-related accidents and to pro-
vide a link between U.S. 74 and downtown Wilmington. The coordi-
nated effort during the development phase of the project consisted of
several agencies, local government officials and agencies, special-
interest groups, local businesses, and the citizens of Wilmington.

The most important environmental issue of the project was the
preservation of the surrounding wetlands. Originally, a box culvert
was proposed, but after the 1992 NCDOT feasibility study, a large
bridge spanning over the wetland area provided a more suitable so-
lution. The roadway section was reduced from 14.4 acres to 5.35
acres, reducing the number of lanes from six to four. Further, com-
pensatory mitigation was used to restore tidal swamp forest adjacent
to the wetland. Possible contamination of the wetlands by hazard-
ous waste and hazardous materials in the vicinity was avoided by
shifting the project to the north of the originally proposed location.
Studies showed no threatened or endangered species were found
within the project area.

Although the overall project duration was long and the original
design was changed, the coordination of all interested stakeholders
under a context-sensitive design, reduced ecological impacts, while
providing transportation benefits to the residents of Wilmington.
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MAJOR FEDERAL ENVIRONMENTAL LAWS

A number of federal laws and regulations require consideration of
ecological issues or protection of ecological resources before, during,
and, to a degree, after road construction. For the most part, federal law
requires consideration of a broad range of environmental aspects, includ-
ing wildlife and ecological effects, when a federal agency either under-
takes or funds a road project. Some laws protect specific ecological re-
sources with requirements to preserve or protect the resource by avoid-
ance or compensation for effects. This section addresses selected major
federal statutes through which ecological concerns of roads are or could
be addressed.

Most of the laws summarized here are not limited to or directed at
road projects, nor are they focused on ecological concerns. Rather, eco-
logical issues are captured in some way through implementation of these
laws. Unless otherwise specifically addressed, these laws apply only
to project development and execution, not to transportation planning.

National Environmental Policy Act

Known as the “granddaddy of environmental law,” the NEPA (42
USC §§ 4321-4335 [2003]) requires federal agencies to describe and dis-
close a wide range of environmental consequences of actions they under-
take or fund, including ecological information. Section 101 (Appendix
C) sets forth the lofty goal and policy of NEPA that the federal govern-
ment “use all practicable means and measures” to, among other goals,
“attain the widest range of beneficial uses of the environment without
degradation, risk to health or safety, or other undesirable and unintended
consequences.” The heart of NEPA is Section 102(2)(C), which pro-
vides that each agency include in every recommendation or report on
proposals for legislation and other major federal actions significantly
affecting the quality of the human environment, a detailed statement by
the responsible federal official on—

(i) the environmental impact of the proposed action,

(i1) any adverse environmental effects which can not be avoided,

(ii1) alternative to the proposed action,

(iv) relationship between local short-term uses of man’s environ-
ment and enhancement of long-term productivity, and

(v) any irreversible or irretrievable commitments of resources.
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Pursuant to this section, the Council on Environmental Quality
(CEQ) and the FHWA issued regulations describing the process for the
required “detailed statement” (40 CFR 1500-1508 [2003] [CEQ]; 23
CFR 771, 772 [2001] [FHWA]). Almost all road projects must be ana-
lyzed with either an EIS or an EA that considers a broad range of envi-
ronmental and ecological factors (23 CFR 771 [2001]).

The CEQ regulations provide overall guidance for applying NEPA,
and the FHWA regulations add terms that apply specifically to road pro-
jects. Both sets of regulations require that the federal decision maker
examine the alternatives to and the effects of the proposed project (40
CFR §§ 1502.1, 1508.9 [2003]). For road projects, alternatives most fre-
quently take the shape of different modes of transportation (such as trains
and buses), different configurations (such as fewer lanes), and different
locations for the project. Additionally, the no-action alternative—not
building the road—must always be examined (40 CFR § 1502.14(d)
[2003]).

The environmental document (EIS or EA) must examine the effects
of the reasonable alternatives to the project on a variety of resources, in-
cluding ecological resources. FHWA requires examination of effects to
air quality, water quality, noise receptors, wetlands, wildlife, floodplains,
wild and scenic rivers, coastal resources, threatened or endangered spe-
cies, historic and archeological resources, visual resources, land use,
farmland, society, the economy, joint development, and pedestrians and
bicyclists (FHWA 1987). The EIS or EA is made available to members
of the public, and comments are received and considered (40 CFR §§
1502.19, 1503 [2003]; 23 CFR §§ 771.119(d), 771.121, 771.123(g), 771.125
(a)(g) [2001]).

NEPA is not an action-forcing statute; it only requires that all envi-
ronmental effects be considered, not that any particular outcome be ac-
cepted. In other words, the decision maker need not choose the most
environmentally beneficial alternative (although other laws may so re-
quire.) Thus, NEPA does not protect ecological resources but merely
educates decision makers about ecological resources that could be af-
fected by a proposed action. However, in practice and in conjunction
with other action-forcing laws, NEPA often results in the selection of
less ecologically harmful alternatives and the mitigation of certain ad-
verse effects. Following preparation of the NEPA document, FHWA
announces its decision in a record of decision (ROD) (23 CFR § 771.127
[2001]), which may include environmentally protective conditions.

NEPA policy requires that an EIS identify proposed mitigation for
all significant adverse effects identified in the process. An FHWA ROD
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following an EIS will describe the significant effects identified and the
mitigation for those effects. The mitigation conditions become an en-
forceable part of the federal funding agreement. As a matter of policy,
therefore, FHWA uses NEPA to mitigate adverse environmental effects.
Frequently, the effects and mitigation terms involve wildlife or other
ecological resources.

Clean Water Act

Aquatic ecosystems, including rivers, lakes, streams, coastal loca-
tions, and wetlands, are protected from degradation under programs of
the Clean Water Act (CWA). The statute establishes three programs
relevant to highway effects. Section 402 addresses direct discharge of
pollutants, including highway runoff, into waters. Section 404 addresses
dredging and filling of waters and wetlands. Finally, nonpoint source
pollution is also addressed under the CWA.

The CWA is administered in a delegated program system under
which the U.S. Environmental Protection Agency (EPA) delegates most
authority to the states, subject to federal oversight. In practice, therefore,
most water protection activity occurs at the state level. In addition, any
federal action that might affect a state's water quality must obtain a state
water quality certification under Section 401 (33 USC § 1341 [2003]).
The state must certify that issuance of the proposed federal permit will
not result in any violations of state water quality standards.

Section 402 National Pollutant Discharge Elimination
System Program

Under the CWA national pollutant discharge elimination system
(NPDES) Program, discharges of pollutants, including stormwater sys-
tems, are regulated as point sources under programs developed pursuant
to Section 402 (33 USC § 1342 [2003]). EPA and the states have exten-
sive regulatory programs requiring permits for construction and opera-
tions that will result in pollutants entering the nation's waters. NPDES
permits are regularly issued to control turbidity (silt) or other water-
borne pollutants from road projects into waterways. Discharges during
road construction and after a road is built will require NPDES permits,
generally issued by the state under EPA authorization.
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Covered discharges are those that flow into “navigable waters” (33
USC § 1362(12) [2003]). In turn, “navigable waters” are all “waters of
the United States” (33 USC § 1362(7) [2003]). The navigable aspect of
the regulated waters has not been viewed strictly, having been expanded
to nonnavigable tributaries (33 CFR § 328.3(a)(5) [2002]). There re-
mains active litigation over whether certain isolated or low flowing
(ephemeral or intermittent) waters are federally regulated; the general
rule is that any discharge into any waters will require a permit.

The water discharge permit will impose standards designed to pro-
tect the water quality of the stream, river, or other receiving waters. The
standards are not established or revisited for each road project. Rather,
the standards are set through separate processes (rule makings) that con-
sider the state preferences for use of a water segment (for example, how
clean the state wants the water to be). Standards are also based on scien-
tific understanding of the public health and environmental consequences
of pollutant discharges. Aquatic life is considered in setting water pollu-
tion standards, which are subsequently included in NPDES permits.

States have primary responsibility to designate the desired water
quality for water bodies. States may classify waters (for example,
streams or stream segments) based on aquatic habitat, such as fisheries.
Once designated, water quality standards are set to meet and protect the
designated users. These water quality standards are then made part of
NPDES permits. The permit requirement protects aquatic resources, in-
cluding fish habitat, and consequently the broader functions served by
the waterway in the ecosystem.

Section 404 Dredge and Fill Permits

Discharge of dredged or fill material is regulated under Section 404
(33 USC § 1344 [2003]). The U.S. Army Corps of Engineers (Corps),
rather than EPA, is authorized to issue permits allowing placement of fill
in waters, including wetlands. The Corps and EPA have extensive regu-
lations establishing the environmental standards for Section 404 permits
(33 CFR 320, 330 [2002]; 40 CFR 230 [1999]). The wildlife habitat
function of wetlands is specifically recognized in these regulations.

Wetlands, which vary from often-submerged riparian zones to re-
mote features surrounded by upland, support an enormous variety of
wildlife, from fish and insects to large mammals and ungulates. Wet-
lands are considered “special aquatic sites” under Section 404 regula-
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tions. Special aquatic sites are ecosystems of significant biological or
resource value that have additional protection under the regulations. For
projects that do not need to be located on or in waters, an applicant for a
Section 404 permit in wetlands must demonstrate that there are no prac-
ticable alternatives to the proposed filling of wetlands (40 CFR §
230.10(a) [1999]). Thus, proponents of road projects that will affect wet-
lands must meet a significant burden to show that there are no alternatives.

The Section 404 nationwide permit (NWP) program authorizes cer-
tain activities that allow small effects in wetlands to occur with less ad-
ministrative burden than required for an individual permit. For road
crossings with small effects (those less than one-tenth of an acre for an
entire project), activity can go forward without notifying the Corps under
NWP 14 (67 Fed. Reg. 2036 [2002]). Slightly larger road-crossing ef-
fects, those of 0.5-acre or less, are eligible for a NWP 14, but the project
proponent must notify the Corps before construction and will probably
be required to mitigate the effects.

In addition to the nationally applicable NWPs, local Corps districts
may have locally applicable general permits under which permit ap-
proval can be given to broad categories of activities that have small ef-
fects in wetlands. For example, Virginia has a state program general
permit (SPGP), which allows for certain limited discharges associated
with linear transportation projects. The SPGP establishes application,
restoration, and mitigation requirements for various quantities of effects
and attaches numerous general and special conditions to the SPGP’s use
(DEQ 2004).

Almost all wetland permits require mitigation for adverse effects.
The mitigation analysis involves a sequence of steps in which the permit
applicant must demonstrate (1) avoidance of wetland effects, (2) minimi-
zation of wetland effects, and (3) compensation for unavoidable wetland
effects. Wetland mitigation policy is set forth in a 1990 interagency
memorandum of agreement between EPA and the Corps, in a determina-
tion of mitigation under the CWA Section 404(b)(1) guidelines (effective
February 7, 1990), and in agency regulations and other guidance to the
field. On December 24, 2002, the Corps provided additional information
for compensatory mitigation projects (EPA 2004, USACE 2002).

One means of providing mitigation is by purchasing credits from a
“wetlands mitigation bank.” Congress expressed support for wetlands
mitigation banking by stating that transportation projects should look to
mitigation banks to provide compensatory mitigation (23 USC §§
103(i)(13), 133(b)(11) [2003]). Provisions of the FHWA regulations
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address wetlands and wetlands mitigation. For example, Title 23, Parts
771 and 777 of the Code of Federal Regulations (2001) address use of
mitigation banks to provide compensatory mitigation for unavoidable
effects to wetlands. Mitigation banking guidance was issued in 1995 by
the Corps, EPA, U.S Fish and Wildlife Service (USFWS), and the Na-
tional Oceanic and Atmospheric Administration (NOAA) (60 Fed. Reg.
58605-58614 [1995]). In July 2003, FHWA, the Corps, and EPA issued
guidance for the use of mitigation banking in the federal highway and
interstate highway programs (FWHA 2003e).

Nonpoint Source Pollution

Road projects must also be consistent with state nonpoint-source-
pollution management programs developed under Section 319 (33 USC §
1329 [2003]). Nonpoint source pollution, such as sheet flow or general
runoff (escaping a storm sewer system or other discrete conveyance), is
not regulated with a federal permit. Rather, states are required to plan to
address these sources of pollutants. The states can take account of non-
point source pollution when they establish water quality standards and
total maximum daily loads (TMDLs) of pollutants. As a general matter,
land-use management controls (for example, keeping the land-surface
areas free of pollutants that can wash into water bodies) are the tools for
managing nonpoint source pollution. Congress left this authority with
states and local governments.

Rivers and Harbors Act

The River and Harbors Act of 1899 (33 USC § 401 [2003]) protects
traditionally navigable waters from “obstructions” to navigation. Any
construction, dredging, or filling of navigable waters must be authorized
by a permit issued by the Corps. Bridges over navigable waters must be
permitted. Corps regulations define navigable waters and describe the
permit process. Generally, bridge pilings in navigable waters must be
constructed to not interfere with the waters’ flow (33 CFR §§ 322,
323.3(c), 329 [2002]). The restrictions imposed under the Rivers and
Harbors Act help to maintain the free flow of water, which is an essential
component of a healthy aquatic ecosystem.
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Endangered Species Act

Certain species of plants and animals are protected under the En-
dangered Species Act (ESA). This law prohibits the “taking” of endan-
gered or threatened species, defined as the harassment, harm, pursuit,
hunting, shooting, wounding, killing, trapping, capture, or collection of
such species (16 USC §§ 1532(19), 1538(a) [2003]). Activity that sig-
nificantly modifies a species’ habitat can be found to “take” the species
even if injury to a particular animal or plant is not identified.

Species are made subject to the ESA through a listing process. The
U.S. Department of the Interior (DOI) determines which species warrant
designation as “threatened” or “endangered” based on scientific data.
Listings are subject to public notice and comment before being finalized.
When listing a species, USFWS can also determine whether the species
depends on a limited, specific habitat and, if so, identify the “critical
habitat.” The ESA does not authorize a category of protection or listing
for healthy species or for declining species that do not meet the status of
threatened or endangered.

For any road projects authorized by the federal government that
might “take” threatened or endangered species, the ESA requires the au-
thorizing agency to consult with USFWS or NOAA-Fisheries before ap-
proving the activity. This step allows USFWS to determine whether the
authorized activity is likely to jeopardize a listed species (16 USC §
1536(a) [2003]). This process is known as “Section 7 consultation.”

The authorizing agency (such as FHWA) begins the consultation
process by asking USFWS to determine whether a protected species is
present in the project area. If so, consultation formally begins with the
authorizing agency preparing information about the species, known as a
“biological assessment,” to assist USFWS in making its “jeopardy” de-
termination. USFWS sets forth its conclusions in a “biological opinion”
(16 USC § 1536(c) [2003]; 50 CFR § 402.14(h) [2003]). If USFWS con-
cludes in its biological opinion that the project is not likely to jeopardize
the recovery of the species, it issues a “no-jeopardy” opinion.

The ESA is designed largely to protect species. The law authorizes
the taking of individual animals under certain conditions, as long as the
take does not jeopardize the species. Under Section 7, USFWS is author-
ized to provide an “incidental-take” statement concerning circumstances
where the federal action might harm or otherwise take members of a pro-
tected species in carrying out a project (50 CFR § 402.14(i) [2003]). For
example, a road project near a bald eagle nesting site might disrupt the
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nesting. The USFWS incidental-take statement can provide terms and
conditions to allow but perhaps minimize that take. Without a jeopardy
finding at the species level, the presence of listed species does not auto-
matically bring the project to a halt; USFWS can still authorize the activ-
ity after requiring compensatory mitigation as a condition for authoriza-
tion (50 CFR § 402.14(1)(5) [2003]).

If USFWS determines that the project is likely to jeopardize a spe-
cies’ recovery, it issues a jeopardy opinion stating that the project as pro-
posed will violate the act. If appropriate, USFWS may also suggest rea-
sonable and prudent alternatives to the action that will not violate the
ESA (16 USC §§ 1536(b)(3)(A), 1536(g), 1536(d) [2003]; 50 CFR
§ 402.14(h)(3) [2003]). The applicant can accept such an alternative or
appeal to the Endangered Species Committee. Nonfederal parties may
appeal decisions of USFWS in federal court. Consultation is described
more fully in Title 50, Part 402 of the Code of Federal Regulations and
in the federal Endangered Species Consultation Handbook (64 Fed. Reg.
31285 [1999)).

By directly protecting threatened and endangered species from
harm, the ESA provides a strong tool to protect certain species. Direct
protection of these species or their habitat also provides significant pro-
tection to other members of the affected ecosystem. For example, ESA
conditions that place restrictions on the reduction of bird habitat in turn
leaves that ecosystem available for use by numerous other species as
well. Without the presence of a listed threatened or endangered species
or their designated critical habitat, the ESA offers no authority to protect
ecosystems (NRC 1995).

Clean Air Act

Designed to protect air quality, the federal Clean Air Act (CAA)
may require road projects to obtain permits for air emissions, such as
fugitive dust or emissions from machinery. These permits are generally
issued by states under delegated authorization from EPA. Although air-
borne pollutants can affect natural habitat, the CAA standards are largely
based on concern for human public health. One notable exception is the
acid rain control program, whose goals include protection of forests and
fauna (42 USC § 7651 [2003]) (acid rain “presents a threat to natural re-
sources, ecosystems, materials, visibility, and public health”) (EPA
2003a).
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In addition, the CAA requires consideration of the effects of traffic
emissions on regional air quality. This is the “conformity” requirement.
New roads must “conform to” the state SIPs, which states design to
comply with the federal National Ambient Air Quality Standards
(NAAQS). NAAQS are set by EPA, establishing by pollutant the con-
centration limit in the ambient (outdoors) air to protect the public health.
The SIP applies the NAAQS within air basins of a state. Among other
things, the SIP sets air emission budgets by pollutant. The operation of a
road cannot cause a locality to violate its air quality standards by exceed-
ing the budgets allotted for mobile sources (42 USC § 7506(c) [2003]; 40
CFR 93, A and B [2003]; 40 CFR 51, T and W [1999]).

The CAA requires that each state develop a SIP for pollutants
within designated air basins. The SIP explains how the state plans to
meet the NAAQS for each type of air pollutant, according to the sched-
ules included in the CAA. Then, the region within the air basin under-
goes a regional emissions analysis, which assigns each an emissions
budget.

The conformity requirements essentially prohibit federal agencies
from supporting any activity that does not conform to a SIP. The propo-
nents of a new or expanded road or of other transportation projects must
show that the activity will not (1) cause or contribute to any new viola-
tion of any standard in any area; (2) increase the frequency or severity of
any existing violation of any standard in any area; and (3) delay the
timely attainment of any standard or any required interim emission re-
ductions or other milestones (42 USC § 7506(c)(1) [2003]).

Transportation conformity determinations are conducted for road
planning and project development and construction. The conformity
analysis looks at a future time—target period for the plan or project—
and estimates compliance with air quality standards. As a general rule,
the following actions require transportation conformity determinations:
(1) the adoption, acceptance, approval, or support of LRTPs, LRTP
amendments, TIPs, and TIP amendments' developed by a MPO or the
DOT; and (2) the approval, funding, or implementation of FHWA or
Federal Transit Administration (FTA) projects (42 USC § 7506(c)(2)
[2003]). “Regionally significant” transportation projects carried out by
recipients of federal funds designated under Title 23 of the U.S. Code

" As described above, LRTPs are long-range transportation planning documents
examining a period of 20 years or more (49 USC § 5303(f)(2) [2003]); TIPs are
short-term plans specifying the planning goals for the upcoming years (49 USC
§ 5304(b)(1) [2003]). Individual projects are described in both LRTPs and TIPs.
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and the federal transit laws also require a conformity analysis (40 CFR
§§ 93.102(a) [2003]).

The MPO makes the initial conformity determinations when it de-
velops or revises a TIP or LRTP. That determination must be approved
by FHWA. Although it is not required, many MPOs develop public edu-
cation and communications programs that inform the public of the con-
nection between transportation and air quality in their respective regions.
These programs also encourage the public to make travel choices that
will benefit air quality. MPOs can participate in air quality planning to
identify transportation programs and projects that help to reduce emis-
sions from on-road mobile sources of pollution.

Below are several ways to help meet emission-reduction targets for
on-road mobile sources:

e  Vehicle emission programs (for example, the use of reformu-
lated gasoline or implementation of inspection and maintenance [I/M]
programs).

e  Changing ways to travel (for example, ride sharing or use of
transit).

e  Transportation projects that reduce congestion (for example,
signal synchronization programs).

Generally, if a road project will have emissions consistent with the
motor-vehicle emission budgets of the relevant SIP, it satisfies the trans-
portation conformity standards. However, no individual transportation
project can be approved, even if it is in conformity with the applicable
SIP, if the LRTP and TIP are not conforming at the time of project ap-
proval (40 CFR § 93.114 [2003]). In general, no transportation project
may cause or contribute to any new violations of localized concentrations
of carbon monoxide (CO) or particulate matter up to 10 micrometers in
diameter (PM,) or increase the frequency or severity of any existing vio-
lations of CO or PM;, concentrations in CO or PM;, nonattainment and
maintenance areas (40 CFR § 93.116(a) [2003]).

Motor-vehicle emission budgets can be revised, although not easily.
Making changes to the budget requires revisions to the SIP, which is a
complicated and lengthy process that can make it more complicated for
the MPO to start projects. If a budget revision is undertaken, MPOs
should participate in the SIP revision process.

Although transportation conformity usually applies to road projects,
there is a similar concept referred to as “general conformity.” The gen-
eral conformity requirements are similar to those of transportation con-
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formity, but they apply to nonroad construction projects (40 CFR 93B
[2002]; 40 CFR 51W [1999]). The primary difference between general
and transportation conformity is the means by which conformity is
shown. Unlike transportation conformity, for which there is generally a
specific line item in the SIP for motor-vehicle emission budgets, general
conformity is typically achieved by showing that emissions are kept be-
low certain concentrations (40 CFR §§ 51.853(d), (i) [2003]; 93.153(b),
(1) [2003]).

The air quality standards against which compliance is measured are
“primary” standards. The CAA authorizes establishment of primary
standards to protect public health and secondary standards to protect the
environment. To date, EPA has not set any secondary standards at con-
centrations that are different from the primary standards. Although there
is some concern with deposition of air pollutants into water bodies and
other receiving environments that could warrant establishment of secon-
dary standards, these effects are not directly regulated under the CAA.
Under the current CAA scheme, ecological resources may be indirect
beneficiaries of air pollution controls, but the program is directed at pro-
tection of public health.

The Department of Transportation Act

Various specific provisions of the surface transportation laws and
regulations of the Department of Transportation Act (23 USC § 101-158
[2003]) address environmental and resource protection. These are the
environmental provisions of the Intermodal Surface Transportation Effi-
ciency Act (ISTEA), the TEA-21, and earlier surface transportation stat-
utes that govern FHWA activities.

Parks and Public Areas

Section 4(f) of the Department of Transportation Act establishes
certain criteria that must be met before a highway project can directly or
indirectly use publicly owned parklands, wildlife protective areas, and
other public recreational or historic sites (23 USC § 138 [2003]; 49 USC
§ 303 [2003]). FHWA regulations further explain these protections. The
protected resources cannot be directly or indirectly affected without a
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specific finding that (1) no alternatives are feasible or prudent, and (2)
the project includes all possible planning to minimize adverse effects (23
CFR § 771.135 [2002]). Section 4(f) can directly protect qualifying eco-
logical habitat and can be an important aspect of the overall transporta-
tion-planning and wildlife-protection strategy.

Native Vegetation

FHWA statutes and regulations encourage the use of native wild-
flowers in highway landscaping (see 23 USC. § 319(b) [2003]; 23 CFR
752 [2001]). However, only one-fourth of 1% of the funds expended on
landscaping are required to be allocated to planting of native wildflowers
on a project. Although the requirement is small, there is no limit on the
opportunity to use landscaping to enhance native ecosystems.

Clean Air Improvements

The Congestion Mitigation and Air Quality Improvement (CMAQ)
Program (part of the TEA-21, Section 1110, 23 USC § 149 [2003]) pro-
vides additional air quality protection options. CMAQ applies to pro-
jects in areas that are not attaining the NAAQS or are trying to maintain
attainment of the NAAQS. The sponsor of a CMAQ project must de-
velop a proposal to improve air quality and submit it to the state and
relevant MPO for approval. In concept, CMAQ projects could focus on
ecological benefits if linked to air quality improvements.

This program provides flexible funding to local and state govern-
ments for transportation programs and projects to help meet the require-
ments of the CAA. Some of the eligible activities include

Transit improvements.

Travel demand management strategies.
Traffic flow improvements.

Public fleet conversions to cleaner fuels.

Additional funds are available for the areas that have not attained
the NAAQS. Former nonattainment areas that have maintained compli-
ance also have access to these funds. Funds are distributed to states
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based on a formula that considers an area’s population by county and the
severity of its air quality problems within the nonattainment or mainte-
nance area. The CMAQ program emphasizes CO nonattainment and CO
maintenance areas in relation to other priorities.

Historic Bridges

The Historic Bridge Program (23 USC § 144(o) [2003]) provides
that the reasonable costs associated with actions to preserve or reduce the
impact of a project on the historic integrity of historic bridges is eligible
as a reimbursable project cost. The program may provide some ecologi-
cal benefits if historic bridges are located in association with ecological
resources of concern, since the bridge protection would also protect those
resources.

Noise

DOT cannot approve any project on any federal-aid system unless it
determines that the project includes adequate measures to implement the
appropriate noise level standards (23 USC § 109(i) [2003]). The regula-
tions promulgated require noise impact analysis, examination of poten-
tial mitigation measures, incorporation of reasonable and feasible noise
abatement measures into the project, and coordination with local officials
to provide helpful information on compatible land-use planning and con-
trol (23 CFR §§ 772.9, 772.11, 772.15 [2001]). The regulations contain
noise abatement criteria that represent the upper limit of acceptable
highway traffic noise for different types of land uses and human activi-
ties (23 CFR 772 [2001], Table 1). The regulations do not require that
the abatement criteria be met in every instance. Rather, they require that
every reasonable and feasible effort be made to provide noise mitigation
when the criteria are approached or exceeded (23 CFR § 772.13(d)
[2001]).

The intended beneficiary of the noise standards are humans, not
wildlife. However, noise effects on wildlife are routinely considered
under NEPA. Increasingly, noise from roads is evaluated as a direct or
indirect impact on wildlife. Noise management features can protect
wildlife habitat.
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Habitat Mitigation

TEA-21 specifies that federal funds may be used for “natural habi-
tat and wetland mitigation efforts” related to federally funded projects
(23 USC § 103(b)(6)(M) [2003]). These efforts may include participa-
tion in mitigation banks and contributions to state and regional conserva-
tion, restoration, enhancement, or creation. These mitigation projects
can enhance the protection of ecosystems. Moreover, to the extent that
mitigation banks allow the creation and restoration of continuous habitat,
as opposed to segregated pockets of mitigation, the mitigation can be
well situated in the landscape to meet multiple ecological functions.

Context-Sensitive Design

Designers of road projects are admonished to take into considera-
tion the environmental, scenic, aesthetic, historic, and community con-
text of their roadway project (23 USC § 109 [2003]). So-called context-
sensitive design (CSD) provides important opportunities to consider
landscape and ecosystem functions in road planning. CSD can enhance
the possibility of preservation for natural areas and, therefore, prevent the
deterioration of ecosystem function. As addressed above, CSD princi-
ples are also emphasized in FHWA environmental policies.

Transportation Enhancement Activities

Funds for transportation enhancement (TE) activities include the
study and prevention of wildlife mortality. Funds may be used in all
road systems except roads classified as local or rural minor collectors,
unless these roads are on a federal-aid highway system. Federal trans-
portation program funds allot 10% annually to each state for TE activities.

The FHWA field offices strongly encourage the state and MPOs to
seek out and integrate TE activities into their plan development and pro-
gramming processes. The metropolitan and statewide planning processes
can occupy a central role in the identification, planning, and funding of
TE activities. In particular, the planning processes are the appropriate
mechanisms for determining funding priorities among competing TE ac-
tivities, including those that are not part of specific transportation projects.
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To be funded, TE activities must be included in the appropriate metro-
politan and statewide transportation improvement activities. Given the
widespread public interest in TE activities, they should be highlighted for
public involvement implemented under the metropolitan and statewide
requirements revised pursuant to TEA-21.

General Environmental Policy

FHWA’s environmental policies, addressed above, derive in part
from specific directions in the transportation statutes. For example, eco-
nomic, social, and environmental effects must be considered in planning
and development of proposed projects on any federal-aid highway sys-
tem over which FHWA exercises approval (23 USC 109(h) [2003]).
Generally, given the similar scope and coverage, the NEPA documenta-
tion satisfies this statutory requirement.

Section 1309 of TEA-21 requires DOT to develop and implement a
coordinated environmental review process for highway construction and
mass transit projects. To that end, in July 1999, DOT, the Corps, DOI,
EPA, NOAA-Fisheries, the U.S. Department of Agriculture (DOA), and
the Advisory Council for Historic Preservation entered into a memoran-
dum of understanding (MOU) under which they agreed to reduce project
delays and protect and enhance environmental quality. The MOU identi-
fies eight means of achieving the former and five ways of achieving the
latter. These coordination mechanisms allow policy review of ecological
concerns in an efficient manner.

The Land and Water Conservation Fund Act

The Land and Water Conservation Fund Act (LWCFA) (16 USC §§
4601(1)-4601(11) [2003]) is often used by state and local governments to
obtain funds to acquire or improve parks and recreation areas. Section
6(f) of the LWCFA prohibits such property from being converted to an-
other use without the approval of the National Park Service (NPS). This
section also directs NPS to condition its approval of a conversion on the
provision of replacement lands of equal value, location, and usefulness.
Thus, replacement lands are required whenever conversions of Section
6(f) lands are proposed for highway projects. As with Section 4(f) of the
transportation laws, described above, Section 6(f) provides funding for the
direct protection of existing ecosystems.
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Historic and Archeological Preservation

Properties on or eligible for inclusion on the National Register of
Historic Places are protected by Section 106 of the National Historic
Preservation Act (NHPA) (16 USC § 470f [2003]). The law and regula-
tions require coordination with the State Historic Preservation Officer
and the Advisory Council on Historic Preservation with respect to quali-
fying properties. Historic preservation policies are also incorporated in
Executive Order 11593 (see 23 CFR 771 [2001]; 36 CFR 60, 63 [2002];
36 CFR 800 [2001]). The goals of the program are to avoid or mitigate
damages to historic properties to the greatest extent possible.

Other laws provide similar protection for archeological resources
and other special resources. For example, historic landmarks are pro-
tected under Section 110 of NHPA (16 USC § 470h-2 [2003]). Archeo-
logical resources must be recorded, surveyed, and preserved under the
Archeological and Historic Preservation Act (16 USC §§ 469-469c
[2003]), the Archeological Resources Protection Act (16 USC § 470aa-ii
[2003]), and the Antiquities Act (16 USC §§ 431-433 [2003]). Native
American resources are protected under the American Indian Religious
Freedom Act (42 USC § 1996 [2003]), the Native American Grave Pro-
tection and Repatriation Act (25 USC § 3001 [2003]), and Executive Or-
der 13007.

The preservation of historic areas is not intended to conserve eco-
logical resources directly. However, to the extent that historic areas exist
in conjunction with other protected areas or that historic areas are of a
sufficient magnitude, their protection may enhance or provide an oppor-
tunity to enhance the protection of existing ecosystems.

The Migratory Bird Treaty Act

The Migratory Bird Treaty Act (MBTA) (16 USC § 760e-760g
[2003]) protects most common migratory wild birds in the United States
from being killed, captured, collected, possessed, bought, sold, traded,
shipped, imported, or exported. These birds are all common songbirds,
waterfowl, shorebirds, hawks, owls, eagles, ravens, crows, native doves
and pigeons, swifts, martins, swallows, and others. A complete list of
protected species is found in Title 50, Section 10.13 of the Code of Fed-
eral Regulations (1989). The act also prohibits indirect killing of these
birds by destroying their nests and eggs. However, such actions as road
projects may be authorized to proceed under permits issued by the
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USFWS pursuant to the regulations in Title 50, Parts 13 and 21 of the
Code of Federal Regulations (1999). Federal-aid highway projects that
are likely to result in the taking of birds protected under the act require a
permit. Frequently, the permit will allow construction in bird habitat in
accordance with such terms as seasonal limits to protect breeding periods
or nest relocation programs.

The Migratory Bird Act directly protects covered wildlife, and as
discussed with the ESA, the protection of such wildlife and their habitat
often results in secondary benefits for otherwise unprotected species.

The Farmland Protection Policy Act

The Farmland Protection Policy Act (FPPA) (7 USC §§ 4201-4209
[2003]) is intended to minimize farmland effects and maximize compati-
bility of federal actions with state and local farmland programs and poli-
cies. To achieve this goal, FHWA requires that NEPA documents (1)
summarize the results of early consultation with the DOA’s Natural Re-
sources Conservation Service and, as appropriate, state and local agricul-
ture agencies where agricultural land could be directly or indirectly af-
fected by any alternative under consideration; (2) contain a map showing
the location of all farmlands in the project impact area; (3) discuss the
effects of the various alternatives; and (4) identify measures to avoid or
reduce the effects. DOA rules regarding the FPPA are in Title 7, Part
658 of the Code of Federal Regulations (1987). The maintenance of ex-
isting farmland provides for a continuity of habitat for wildlife that uses
such lands. For example, much of the migratory flyways in the central
and western United States include farmlands that provide seasonal cover,
forage, and breeding habitat for many species.

The Coastal Zone Management Act

Coastal ecosystems are subject to the Coastal Zone Management
Act (CZMA) (16 USC § 1451 [2003]) enacted to protect, preserve, de-
velop, restore, and enhance coastal resources (16 USC § 1452 [2003]).
States are eligible for federal funding if they opt to develop a coastal
zone management plan, which is approved by NOAA. All federal
agency activities affecting an area within the coastal zone must be car-
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ried out in a manner consistent with the relevant state’s federally ap-
proved coastal zone management plan. The federal action agency must
provide a “consistency determination” to the state coastal management
agency at least 90 days before final approval of the federal activity, and
the state agency must certify that the proposed activity complies with the
enforceable policies of the state’s approved program.

Among other things, coastal zone management plans must outline
“areas of particular concern within the coastal zone” and describe how
the management plan addresses and resolves the concerns for which the
areas are designated (15 CFR § 923.21 [2003]). These are called “spe-
cial area management plans,” which provide an opportunity for detailing
natural-resource protection of sensitive areas while allowing for reason-
able economic growth. Additional regulations concerning implementa-
tion of the CZMA are in Title 15, Part 923 of the Code of Federal Regu-
lation (2003). The CZMA directly protects coastal ecosystems by ad-
dressing the nature of development and the destruction of habitat.

Federal Fisheries Conservation and
Management Act (Magnuson Act)

Now known as the Magnuson Fishery Conservation and Manage-
ment Act (16 USC § 1801 [2003]), this law was passed in 1976 to estab-
lish protection for off-shore and anadromous fish species. Congress rec-
ognized that many fisheries had been depleted from over fishing. It
found that healthy fish stocks were important not only for ecological rea-
sons but also for the viability of important commercial and recreational
fishing industries. Congress expressly acknowledged the importance of
habitat protection to the maintenance of healthy fish stocks.

Under the law, fishery management plans are developed by regional
fishery management councils, establishing catch limits and other condi-
tions to protect stocks from over fishing (16 USC §§ 1851-1860 [2003]).
Fishery management plans developed under the law, particularly for ana-
dromous species, such as salmonids as well as many commercial species,
can and do include controls on land uses in or near fish habitat. As a re-
sult, for road projects that cross waterways used by certain fisheries, this
program will have additional requirements for ecological protection of
fish habitats and consultation with pertinent federal agencies.
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Executive Orders

Federal agencies must consider various environmental and resource
issues under direction of an Executive Order (EO). In most instances,
the agency will try to incorporate compliance with the EOs in either the
NEPA documentation or in its formal record of decision.

EO 13274 (2002), addressed previously, establishes policies for
transportation infrastructure reviews and environmental stewardship. It
states that executive departments and agencies are to take appropriate
actions to the extent consistent with the law to expedite reviews of high-
priority transportation projects and promote environmental stewardship
in the nation’s transportation system (67 Fed. Reg. 59449 [2002]). It
requires the adoption of policies and procedures necessary to accomplish
that goal and establishes a task force for assembling a list of high-priority
projects and monitoring compliance with the EO. Similar goals with
regard to environmental streamlining were established in TEA-21, as
discussed above.

EO 12898, Environmental Justice (1994), requires consideration of
the environmental and social effects of an action on minority and low-
income populations to ensure that such populations are not dispropor-
tionately affected. To implement these policies, DOT issued a Final En-
vironmental Justice Strategy (DOT Order 5610.2) dated April 15, 1997.
FHWA issued an order (DOT Order 6640.23) dated December 2, 1998,
describing the actions necessary to protect environmental justice con-
cerns (FHWA 2002c). Natural systems can be indirect beneficiaries of
this evaluation of environmental effects at the neighborhood or commu-
nity scale.

EO 11988, Floodplain Management, as amended by EO 12148, is
intended to avoid the short- and long-term adverse effects associated
with the development of floodplains. It requires the assessment of flood-
plain hazards and specific findings in the final environmental document
for significant floodplain encroachments. As with the Section 404 pro-
gram, protection of land within floodplains enhances habitat directly
through preservation and indirectly through improvements in water qual-
ity. FHWA provides various policy guidance on implementation of this
EO (DOT Order 5650.2) (23 CFR § 650, 771 [2004]) (FWHA 2004 a,b).

EO 13112, Invasive Species (1999), is directed at the control of in-
vasive alien species (64 Fed. Reg. 6183 [1999]) (National Invasive Spe-
cies Council 2004). Such species have the potential to overrun native
species and transform ecological systems. The EO prevents agencies
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from authorizing, funding, or carrying out actions that are likely to cause
or promote the introduction or spread of invasive species. FHWA gener-
ally complies with the mandate of the EO through the NEPA process.
The EO protects the loss of native species at the hands of exotics, clearly
preserving existing ecosystems. FHWA has developed guidance to en-
courage environmentally beneficial landscape practices.

EO 13186 supplements the regulations under the Migratory Bird
Treaty Act (66 Fed. Reg. 3853 [2001]). It directs agencies to enter into
MOUs with the USFWS to establish procedures to promote conservation
of bird populations (Shrouds 2001). The order does not apply to federal-
aid highway projects that are carried out by nonfederal entities, such as
state DOTs.

EO 11990 (1977) also addresses protection of wetlands. This EO
states that federal agencies should avoid direct or indirect support of ac-
tivities adversely affecting wetlands where there is an alternative. The
NEPA documentation or the Section 404 Record of Decision generally
records compliance with EO 11990.

OTHER TYPES OF LAWS
Various Federal Resource Laws

In addition to the topically oriented statutes addressed above, Con-
gress has enacted many statutes concerning specific kinds of ecological
resources that could, under some circumstances, relate to roads. Because
these laws may only occasionally involve road projects, they are not ad-
dressed in any detail in this chapter. For example, road projects in Flor-
ida could involve compliance with the Marine Mammal Protection Act
(16 USC §§ 1361-1421h [2003]) in relation to manatees. The Bald and
Golden Eagle Act (16 USC § 668 [2003]) prohibits destruction of bald
and golden eagles or their nests. National forests are subject to an exten-
sive system of management administered largely by the DOA Forest
Service. Not only forest roads but other road projects affecting national
forests would involve attention to this body of law.

Other statutes and programs provide funding and policy for speci-
fied ecological systems, such as estuarine restoration (33 USC §§ 2901-
2909 [2003]). EPA also administers a national estuarine program using
authorities under the CAA (EPA 2003b). These kinds of research and
financial assistance programs provide sources of information or advo-
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cacy for particular ecological resources but rarely establish requirements
that road projects must meet. A statute such as the Wild and Scenic Riv-
ers Act (16 USC §§ 1271-1287 [2003]) affords states the opportunity to
designate rivers as wild or scenic and obtain additional protection of the
resource from degradation. Some road projects may involve these kinds
of federally protected or managed resources as well. Other similar ex-
amples include statutes such as the Wild Horses and Burros Act (16 USC
§§ 1331-1340 [2003]), which protects wild free-roaming horses and burros.

Different organizations might include different laws in a compila-
tion of environmental laws related to transportation. In addition to the
laws as addressed in this chapter, FHWA (2004a) identified laws perti-
nent to environmental compliance. The Defenders of Wildlife (2004)
assembled a list of laws related to wildlife and transportation. The laws
largely correspond to the laws addressed in this chapter. The Defenders
of Wildlife added some statutes, such as the Coastal Barrier Resources
Act and the National Trails Systems Act. The Transportation Research
Board analysis (Blaesser et al. 2003) uses a slightly different list, having
greater consideration for possible contamination and liability. Although
different entities may include slightly different lists of laws related to
resources or wildlife in discussing transportation projects, this chapter
addresses the major laws involved.

State Laws

Although this chapter does not attempt to summarize any nonfed-
eral environmental laws, state and local laws play a major role in ad-
dressing ecological concerns associated with roads. Land-use planning,
managed by local and regional authorities, substantially affects ecologi-
cal systems and functions. This planning addresses not only growth
(such as zoning for commercial, industrial, and residential development)
but also siting of parks, recreation areas, and natural preserves. Local
laws run the full gamut of environmental and ecological issues. Some
states have established protections for specific ecosystem types, such as
coastal or riparian zones, by restricting construction within a certain dis-
tance of water resources. The nature of local laws reflects community
priorities and needs. States establish and enforce the “best management
practices” to protect waterways from siltation and to prevent erosion ef-
fects of construction. There are many other examples of types of state
and local laws.
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For several major federal statutes, notably the Clean Water Act and
the CAA, the federal standards will be implemented most frequently by
states and localities through delegated programs. As a practical matter,
therefore, the road project will seek compliance with these laws by ob-
taining a state water permit and a state air-emission permit. State pro-
grams that are more stringent than federal programs will include re-
quirements of federal law plus any additional state requirements.

At the transportation planning stage, which occurs largely at the re-
gional and local level, state and local ecological laws could play a major
role. Project development and implementation is also subject to all ap-
plicable state and local laws. Thus, there are opportunities at nonfederal
levels to establish standards for evaluation of ecological concerns for
transportation planning and project development.

DISCUSSION OF LAWS AND ECOLOGICAL CONCERNS

To assess whether and how the law addresses “ecological con-
cerns,” a working definition of ecological concerns, is needed. For pur-
poses of this analysis, the committee determined that ecological concerns
should include species or habitats of some recognized value in a range of
landscapes. Not every landscape is of ecological concern, and the as-
signment of ecological functions and values may be subject to a combi-
nation of scientific and social processes. Ecological concerns arise at
many scales, from genetic to species or populations to ecosystems.

Separately, the committee recognized that ecological concerns also
encompass a cross-disciplinary spatial method of viewing landscapes and
changes to them. An ecological approach may provide a useful way to
capture interrelated or cumulative effects of actions within a pertinent
landscape sphere. Spatially, this ecological concern addresses the
broader perspective of looking at how various actions may together have
particular consequences.

Using the broad concepts of species and habitats and spatial land-
scapes as ecological concerns, the committee considered the ways that
existing laws address the following:

Terms requiring consideration of any ecological concerns.
Terms protecting species or habitats of recognized value.
The stage at which ecological concerns are considered.
The weight given to ecological concerns.
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Notably, the ecological concerns at regional, multistate, or national
levels are largely unaddressed in the current legal structure. The trans-
portation planning process, which is a regional process, is subject to al-
most no mandatory provisions with respect to ecological concerns. Un-
der federal law, LRTPs and TIPs can be approved by the MPO and re-
viewed by FHWA without consideration of ecological effects. FHWA’s
general policies encourage consideration of environmental issues during
long-range planning, but the requirements are not enforceable. The only
environmental concern that must be satisfied during transportation plan-
ning is demonstration of CAA conformity. At ecological scales beyond
an MPO jurisdiction, which may be regional, state, or national, there are
no legal requirements to consider transportation and ecological concerns
in tandem.

The planning stage offers an excellent opportunity to incorporate
multiple kinds of ecological concerns to ensure that regional ecological
resources are addressed well before specific project planning. For eco-
logical resources that extend beyond the jurisdiction of one MPO, coor-
dination of transportation planning and ecological concerns can address
the ecological component early in the process.

At project development and implementation, many environmental
laws apply. The laws summarized within this chapter address ecological
concerns in various ways. For purposes of discussion, the committee
classified the laws in terms of several kinds of ecological issues, as
shown in Tables 5-1 through 5-5.

Legal Base of Environmental Policy

Table 5-1 organizes the federal laws in terms of their consideration
of ecological system components that are pertinent to ecologists. For
each law, the table indicates what kind of terms the statute provides.
“Mandatory” (M) reflects a legal provision that provides some type of
third-party enforceable protection of the ecosystem component, usually
by requiring a permit for disturbance. “Discretionary” (D) indicates that
the law requires disclosure and discussion of the issue but does not man-
date a particular outcome from that discussion. D also means that the
issue can be addressed if the lead agency considers it pertinent or rele-
vant. “Not considered” (NC) means that the law is silent or the compo-
nent is not pertinent to the law. The committee recognizes that assigning
these designations in the tables involves potential error from oversimpli-
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fication but believes that, as a general rule, the legislation has been accu-
rately classified.

As Table 5-1 demonstrates, relatively few federal programs impose
mandatory, enforceable protection of ecosystem components. Many
laws allow or compel consideration of ecological concerns but are discre-
tionary. Consideration of ecological concerns allows for public notice of
ecological issues and provides data on which agency actions can be
modified. As a matter of NEPA policy, FHWA requires mitigation for
all environmental effects identified in an EIS. For FHWA-funded pro-
jects, NEPA mitigation commitments in a record of decision are enforce-
able terms of the federal funding agreement. These terms are thus en-
forceable between FHWA and a state but may not be enforceable by out-
side third parties. As a result, although NEPA itself only requires con-
sideration of ecological concerns, additional protection is provided
through administration of highway funding laws. For most laws, as
summarized in Table 5-1, a discretionary factor can be balanced against
other factors, providing flexibility but also, arguably, giving less weight
to individual discretionary factors.

Table 5-2 organizes the legislation in terms of certain types of spe-
cies addressed or covered by the programs, using the same three catego-
ries: mandatory, discretionary, or not considered. Using these categories
is another way to evaluate whether and how the laws consider issues of
importance to ecologists. Relatively few laws address particular types of
species. Only the ESA, the MBTA, and the Section 404 program pro-
vide mandatory terms, requiring permits or other authorizations, for se-
lected species. Clearly, the vast majority of species are not addressed by
legislation, process, or executive order.

Table 5-3 orders legislation according to ecosystem type, asking
whether and how the regulations address certain types of ecosystems.
This table also uses the same three categories: mandatory, discretionary,
or not considered. A number of federal laws are designed to address par-
ticular ecosystems and provide for permits or other clearances for activi-
ties within those ecosystems. In other words, Congress incorporated the
concept of ecosystem types in some legislation and designated certain
types of ecosystems for special protection. Many laws authorize the
regulators to view issues in terms of ecosystems. However, as with spe-
cies, only a few of the many types of ecosystems are addressed through
legislation.

Table 5-4 summarizes the ecological scale at which the program
applies. For this table, the summary indicates whether the law requires
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an assessment at a particular scale (Assess); the law establishes some
protection, such as a permit requirement or other limitation (Limit); or
scale is not considered (NC). This table illustrates that most laws are
targeted at a local scale and are related to a particular project.

In conjunction with specific projects, some laws require considera-
tion of indirect, cumulative, or other related effects, which are reflected
in a designation that the law requires assessment of larger ecological
scales.

Table 5-5 addresses the political scale at which the legislation is
applied. Although all the laws are federal, the table indicates what po-
litical levels are pertinent under each statute in terms of application and
compliance with the law. The level of government that bears primary
responsibility for compliance is identified.

Environmental Reviews and Roads

Information on the level of environmental review of road projects
under NEPA is sparse. One study by the American Association of State
Highway and Transportation Officials (AASHTO) surveyed 32 states
and found that 92% of environmental documents processed by these state
DOTs were categorical exclusions (CE) (STPP 2002, TransTech Man-
agement, Inc. 2000). Environmental assessments comprised 7% of the
documents, and full EIS were covered in 2% of the cases.

As stated in Chapter 2, few studies have attempted to assess how
the legal requirements of NEPA and other environmental statutes have
affected the length of time needed to complete road projects (GAO 1994,
FHWA 2003f). These studies used information and data from sets of
past highway projects for which NEPA EIS or Section 404 reviews were
implemented. According to GAO (1994), these projects represented a
small percentage (less than 3%) of all road projects. In this small set of
projects, however, required environmental reviews increased the time of
project completion.

The time associated with environmental review varied as a function
of the type of review (CE, finding of no significant impact [FONSI], EA,
or EIS). In 1994, GAO examined 76 road projects completed from 1988
to 1993 to determine how an EIS extended the time to project comple-
tion. It found that those projects took from 2 to 8 years to complete the
necessary NEPA and Section 404 reviews. An EIS prepared for NEPA
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review averaged 4.4 years, and an EIS under both NEPA and Section 404
permits averaged 5.6 years to complete.

In contrast to the EIS findings, FHWA assessed projects that in-
volved either a FONSI or a CE. Rather than using project data, such as
start and completion date, this assessment was done by polling division
offices. The agency concluded that most FONSI reviews took about 18
months to complete, and CE reviews took about 6 months to complete.
AASHTO (TransTech 2000) did a survey of state DOTs and reported
that about half of CEs were generally delayed and actually took between
1 and 2 years to complete.

FHWA and the Berger group (FHWA 2003f) attempted the most
quantitative analysis of this issue by calculating statistics from about 100
road projects done between 1970 and 2000. All of these projects re-
quired an EIS pursuant to NEPA. This group concluded that the mean
time to complete an EIS was about 3.6 years, which accounted for about
28% of the total project development process. They also noted that the
time to complete an EIS doubled from the 1970s (about 2.2 years) to the
1990s (about 5 years). This report and others suggest that the current
data collected on environmental review of road projects raise questions
about the efficacy of NEPA, since the lengthy NEPA process can lead to
frustration on all sides. The report’s authors concluded by suggesting
that their study provides a useful baseline against which streamlining
efforts could be evaluated.

ISSUES
Issues and Gaps Related to Ecology

A number of gaps exist within the array of environmental legisla-
tion, regulations, and policies. Not all species or ecosystem types obtain
protection from adverse effects associated with roads. By definition,
some of these acts require addressing only parts of ecological systems,
such as wetlands, endangered species, and clean water. Little protection
is afforded to species or habitats that are not rare, threatened, or endan-
gered, even if those habitats serve important ecological functions. For
example, an ecosystem patch or zone may perform functions of flood
control, groundwater recharge, wildlife habitat, or open-space aesthetics.
Without special designation under federal law, these ecosystem functions
escape protection.
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Another gap is a knowledge gap in our ability to predict environ-
mental effects, as required under NEPA and other acts. One of NEPA’s
fundamental assumptions is that effects—direct, indirect, or cumula-
tive—can be predicted. For at least 20 years, there has been a broad
body of ecological literature that suggests that the ability to assess these
effects is variable, ranging from fairly well-understood phenomena to
inherently unpredictable systems. For example, most hydrological dy-
namics are understood well enough within streams and rivers to know
how to minimize hydrological effects associated with bridges. Other
complex biological phenomena, such as broad-scale migrations, patterns
of exotic biota invasions, and population dynamics, are often difficult to
predict and assess impacts prior to action. The array of laws and orders
that underpin assessment and planning actions are usually only applied at
local or small scales, the bounds determined for political or social rea-
sons, not ecological ones. The legislative guidance (Table 5-5) suggests
that environmental reviews can be conducted at larger spatial scales
(state and national level) but are generally not done at these larger scales.
This finding corresponds to the scales described in Chapter 3, showing
that most of our knowledge of impacts associated with roads occurs at
small spatial and temporal scales. The reasons for choosing smaller
scales for environmental review are unclear but discussed further in
Chapter 6.

Other gaps exist in the laws and orders that relate to environmental
evaluations. No legal requirements were found that compel assessment of
road effects on ecosystem goods and services. It is possible that some of
the knowledge gaps identified in Chapter 3, especially road effects on
ecosystem goods and services, are due in part to no legal requirement.

Existing laws are limited in capturing cumulative, indirect, and
synergist effects of road systems. Although cumulative and indirect ef-
fects must be included under NEPA, the analysis generally does not con-
sider long-term cumulative effects of an entire transportation system be-
cause NEPA applies at the project development scale. The MPO is not
required to evaluate cumulative or indirect ecological effects of the
LRTP or TIP.

Issues of Multiple Agency Involvement
The participation of multiple agencies with responsibility for eco-

logical and transportation concerns raises other issues. As reflected in
the statutes described in this chapter, multiple layers of coordination and
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consultation are the rule, not the exception, in uniting transportation and
ecological concerns. The resource agencies that are responsible for eco-
logical matters may lack sufficient personnel, funding, or knowledge of
transportation to perform their roles smoothly. In transportation, there
are substantial differences in resource staffing and expertise among local
entities, MPOs, and state DOTs. Local entities and MPOs rarely have
sufficient budgets to maintain ecological expertise on the staff. In con-
trast, state DOTs have considerable ecological expertise. Coordination
of all of these multiple agency resources can be difficult at the planning
stage and the project stage.

Not only are the federal environmental laws administered by agen-
cies other than FHWA or the state DOTs, but also there is no single
agency with paramount authority for ecological resources. DOT has fi-
nal authority for federal transportation projects, but the projects still re-
quire multiple agency review and permission. As described, the laws
addressed in this chapter involve EPA, USFWS, the Corps, NPS, and
other federal resource agencies. These resource agencies have multiple
duties in addition to those related to transportation and generally have
small staffs to work on transportation issues. The resource agencies of-
ten have pertinent ecological information, but it might not be maintained
in easily accessible databases. Involvement of multiple federal agencies
requires coordination of personnel time and work priorities. In some
instances, state DOTs have provided a resource agency with funding to
make personnel available to ensure attention to transportation projects.

The resource agencies are generally structured on a different re-
gional basis than FHWA or the states. For example, EPA operates
through 10 regional offices, the Corps has 35 district offices, and the
USFWS has 8 regional offices, although there are also field offices with
personnel from the ecological service branches in most states. These
structural differences can make interagency coordination challenging at
best.

There also can be conflicts among agencies involved with transpor-
tation projects. Disputes between a state DOT and EPA or USFWS over
ecological effects of road projects are not uncommon. Having so many
agencies involved in ecological issues offers the advantage of detached
independent analysis of issues but often at the price of delays or contro-
versies. Executive Order 13274, Environmental Stewardship and Trans-
portation Infrastructure Project Reviews (September 2002), is designed
to address potential interagency issues by establishing a process for re-
view of projects nominated by states for special attention.
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Issues Concerning Programmatic, Proactive Approaches

Ecological concerns may extend beyond the spatial and temporal
boundaries of specific projects. Some federal laws offer opportunities to
look at environmental concerns programmatically, encompassing a broad
geographic or temporal area. At a programmatic rather than a specific
project level, a broader range of ecological concerns can be addressed.

For example, under NEPA, agencies are authorized to conduct a
programmatic environmental impact statement, looking at the environ-
mental effects of more than one project. A “program” can be defined by
the agency. FHWA could consider a series of road projects that are
planned for a region as a “program” under NEPA. The programmatic
review may assist early planning to integrate ecological concerns into
long-term planning. Thus, a programmatic review may identify wildlife
or other sensitive environments so that individual projects can be planned
accordingly to avoid and protect such ecosystems.

Other laws, such as ESA, do not provide for any programmatic or
abbreviated analysis. The statute does not contemplate programmatic
ESA review for territories or regions where multiple effects might be
proposed from diverse sources. Although FHWA or the state DOT could
request ESA review for multiple effects in a single location, they would
have to have fairly specific information about the various projects, as
well as the species of concern. Generally, at the LRTP or TIP stage,
there is not sufficient specific information about particular projects to
allow a meaningful review for effects on threatened or endangered spe-
cies. If the law either required or provided a mechanism to consider
threatened or endangered species regionally in advance of specific trans-
portation projects, protection of certain wildlife and habitat could be as-
sisted at the early planning stages.

The federal laws were written with a focus on environmental effects
of specific projects. Despite some options to apply the laws in a more
programmatic, broader fashion, limitations on resources impose practical
constraints on such efforts.

SUMMARY

Transportation projects are primarily developed from the “bottom
up,” reflecting community needs within local political jurisdictions.
There are few incentives or disincentives in law for communities to con-
sider effects beyond the political jurisdictions, including ecological ef-
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fects. The decision making has been primarily local, but the ecological
effects can extend beyond the local area. Federal transportation planning
law relies heavily on local jurisdictions, thus creating few opportunities
for evaluation of ecosystem concerns, especially at broader scales.

The transportation planning system, carried out by MPOs, offers an
opportunity for consideration of ecological concerns at an early stage in
road planning. Incorporating ecological concerns at the planning stage
would assist in providing protection for ecological functions and in
avoiding controversies at the project development and implementation
stage. Only NEPA considers effects to the environment at other scales,
including indirect or cumulative effects. However, NEPA does not apply
to the MPO planning processes.

Many entities interested in ecological concerns, including resource
agencies, nongovernmental entities, and the public, do not understand the
relationship of federal environmental laws to the transportation planning
process or the project development and implementation process. This
lack of understanding can result in controversies over specific projects
after years of planning by transportation entities.

Although a wide range of laws, regulations, and policies require
some degree of consideration of ecological effects of road construction,
the existing legal structure leaves significant gaps. Road projects need
only permits to conduct activities that might have an impact on certain
types of ecological features—wetlands, endangered species, or migratory
birds—and generally at a small scale. Moreover, the permit programs
usually consider only direct effects of a road (construction or use) on the
protected resource.

The data necessary to evaluate efficacy of policy and law are not
easily accessible or amenable to synthesis. The data are contained in
project-specific EISs, EAs, records of decision, or permits (for example,
wetlands permits) that are not easily available for research.

With few exceptions (for example, wetlands and endangered spe-
cies), existing law authorizes ecological concerns to be balanced with
goals of transportation mobility, capacity, and other social needs in de-
termining whether and how to undertake transportation projects. This
balance can create controversy between parties supporting a project and
those opposing it over issues of ecological protection.
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Planning and Assessment

INTRODUCTION

This chapter addresses the intersection between ecological systems
and social systems by discussing the current practices of planning and
assessing road projects, the environmental component in assessing and
planning, and the possible solutions for integrating the two systems more
effectively. The first section describes current assessments and planning
processes and then describes planning at different spatial and temporal
scales, different types of planning, and the interface between the plan-
ning process and the different social groups. The second section ad-
dresses issues and problems with the planning processes, and the third
describes an array of ecological evaluation tools and methods used in
planning and project development, including rapid assessment methods.
The fourth section addresses some potential solutions, including a con-
ceptual framework for integrating environmental factors along with other
considerations in the planning phase.

STATE OF ROAD PLANNING AND ASSESSMENT PROCESSES

Impacts from transportation systems and associated projects occur
at several levels of environmental organization—from the individual or-
ganism to the landscape. Therefore, planning at the transportation sys-
tem level to the individual project level requires a look at all components
of the area being studied. However, as noted in Chapter 3, consideration
of environmental issues is usually done at subregional scales. This per-

170
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spective has resulted in the need for various levels of planning with in-
creasingly finer levels of study to develop the most environmentally sen-
sitive transportation system. The ways in which laws and regulations
influence environmental assessment and policies regarding roads are
similar to the ways they influence other land uses (Haeuber and Hobbs
2001). The lack of assessments at larger scales is due, in part, to a lack
of an overview of multiple decisions and assessments at smaller spatial
and temporal scales. This gap may be addressed in a cumulative impact
assessment but is rarely done in practice. Hence, regional scale or larger
assessments on ecological issues, such as species movements, large habi-
tats, and aquifer, tend to be ignored by assessment at smaller scales.

Key Elements of the Planning Process
Coordination and Collaboration

Coordination and collaboration are required so that transportation
agencies can provide the opportunity for input at all phases of planning
and project development. Historically, resource agencies have had lim-
ited resources for input early in the planning process. This problem has
been alleviated in some states where the transportation agencies are pro-
viding funding for resource agency personnel (see later discussion on
Florida and Pennsylvania). Involvement of all parties early in the proc-
ess helps to identify environmental factors in transportation plans and
provides the groundwork for resolving issues early in the process.

Stakeholders and Decision Making

Transportation is a critical component of our country’s economy.
Therefore, all segments of the population have a stake in transportation
planning, and public-involvement programs of transportation agencies
have expanded. The agencies are receiving input from diverse stake-
holders representing many public and private interests. The environ-
mental community has been active in transportation planning for several
decades. The environmental resource agencies also are devoting greater
resources to transportation planning and project development.

Stakeholder involvement in examining ecological impacts of roads
has had some success. For example, incorporating stakeholder knowl-
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edge and understanding into decision making regarding road de-icing
revealed tensions and inconsistencies between the mission and the opera-
tion of the institutional system as well as inadequate communication
among various elements of the management system (Habron et al. 2004).
However, the involvement of stakeholders facilitated understanding of
the complex institutional system and helped to identify possible areas for
improvements in development and implementation of watershed models.
In other situations, local or even regional stakeholder groups are effec-
tive in helping to define long-term goals for an area where road devel-
opment, use, or upgrades occur (e.g., MacLean et al. 1999).

Federal Role in Planning

Under current laws and programs, there is a limited role for the fed-
eral government in planning that affects both transportation and ecologi-
cal resources. Often such planning is conducted at the local and state
levels rather than at the federal level. When federal agencies are
involved, they may have little oversight or approval roles, such as ap-
proving Clean Air Act (CAA) conformity for a transportation plan or
permitting Clean Water Act (CWA) impacts for particular transportation
projects. Federal agencies may have expertise in particular ecological
resources and may coordinate with state and local agencies on many lev-
els. More frequently, however, there is little coordination of information
and resources that would be helpful for ecological planning associated
with transportation planning. Federal agencies are involved in natural-
resource planning, however. The services are required to develop recov-
ery plans for federally listed species, and other planning efforts are con-
ducted for forests and other natural resources. Those services could pro-
vide opportunities for coordinated planning efforts.

State and Regional Planning

State and regional transportation plans focus primarily on transpor-
tation needs, reflecting local choices for quality of life, mobility, growth,
land use, and economics. Virtually all the rules and guidance for trans-
portation plans include consideration of a variety of factors, including
environmental factors, but the main emphasis is on meeting transporta-
tion needs. Traditionally, these plans involved efforts to keep the level
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of service of the transportation system compatible with growth. Al-
though the planning process that results in state and regional plans in-
cludes consideration of environmental information, environmental issues
generally are not a major part of determining the content of these plans.

For many reasons, the transportation planning stage rarely involves
detailed consideration of siting of transportation projects, and there is a
perception that most environmental issues can be addressed when a spe-
cific project location is viewed in more detail. There is also little infor-
mation concerning ecological resources available for the transportation
planning process. Relatively few locations have resource plans or
consolidated information on ecological resources that could assist early-
phase transportation planning. Some information on environmental re-
sources to avoid—such as parks, refuges, and endangered species habi-
tat—is considered during planning. Other information on ecological
resources might not be available or might not be in a form that is useful
for the planning scale.

To the extent feasible, transportation planning processes should use
all available information on ecological resources to anticipate the poten-
tial impacts of the transportation plan on the ecological structure. That
would require a number of shifts in emphasis and policy. In some states
and regions, natural-resource plans address regional needs for certain
resources, such as watersheds and certain migratory or endangered spe-
cies. For example, some regions in California have multispecies habitat-
conservation plans. In other instances, information is available in state,
federal and other natural-resource management agencies, although per-
haps not assembled in a plan. Obtaining useful information can involve
considerable interagency coordination.

The transportation planning process will then also need to make
commitments to address the ecological information at the planning stage.
For example, if there is a natural-resource plan or other information de-
scribing a terrestrial migration route, it would be prudent for the trans-
portation plan to consider whether a road planned within that migration
route could be relocated. Where roads that cross streams must be im-
proved, the transportation plan could consider and address the prospect
of replacing culverts with bridges or replacing older bridges with wider
spanning bridges, each of which would reduce the impacts of the road
structure on the waterways. Taking up these kinds of considerations at
the planning stage will have benefits of more accurately projecting ex-
penses, as well as reducing controversy at the individual project stage.
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Long-Range Transportation Plans (Large Scale)

As introduced in Chapter 5, a long-range transportation plan
(LRTP) must be developed for each state. This plan is reviewed annu-
ally and updated as necessary, based on air quality considerations to meet
CAA standards (see Chapter 5). The development and review of this
plan provide opportunities to examine environmental factors in relation
to the actual transportation corridors as the plan moves forward. How-
ever, these plans are based on other factors (described in Chapter 5), such
as the level of service for highways. Other than considering air quality,
most LRTPs do not address environmental impacts in detail.

LRTPs exist at the state, local, or regional levels. Local and re-
gional LRTPs are developed by metropolitan planning organizations
(MPOs), consisting of county and local government representatives. In
some cases, the state transportation plan or state LRTP combines various
local or regional plans. For locations outside MPO jurisdiction (rural
locations), the state is responsible for developing the LRTP. Other gov-
ernmental entities may be involved as well, such as state legislatures,
state transportation commissions, or other entities.

Although some states are trying to broaden the range of considera-
tions in LRTPs, environmental factors, such as wildlife, and other natu-
ral-resource plans are usually not considered. Rather, LRTPs usually
contain a “wish list” of desired transportation projects viewed as impor-
tant to economic growth. LRTPs set priorities and must identify funding
sources for all listed projects, thus keeping the “wish list” realistic.

Transportation Improvement Plans (Medium Scale)

The transportation improvement plan (TIP) is the short-term, gen-
erally 2-year plan under a restricted budget that covers priority imple-
mentation projects and strategies from the LRTP. At the TIP stage, the
state and regional or local entities determine which projects should be
funded and proceed within the shorter time frame. Environmental con-
cerns are not always comprehensively addressed in a TIP. Air quality
issues, especially in nonattainment areas, must be addressed under fed-
eral law (see Chapter 5). This stage of planning provides the opportunity
to revisit any environmental considerations identified in the LRTP to
determine whether conditions have changed to make potential projects
more or less environmentally compatible. TIPs also offer the opportu-
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nity to identify projects that environmental sensitivity dictates should be
reevaluated before being included in the TIP work program.

Project Planning (Fine Scale)

Projects identified in the TIP move on to project development,
which includes environmental studies. This step is usually the first occa-
sion when detailed (comprehensive) potential environmental impacts
associated with a planned project receive environmental analysis; yet,
some analysis should be done earlier. Project development studies have
become thorough and consider all applicable state and federal laws.
Even local laws, such as tree ordinances, are included in the studies.

Unfortunately, these projects have advanced to the point in the pro-
ject-planning process that options to eliminate environmental impacts
only include avoidance, minimization, and compensatory mitigation. For
impacts with legal consequences, mitigation is included in the project
studies so that projects can receive approval and permits. Ideally, modi-
fications would be made earlier in the planning process.

TYPES OF ENVIRONMENTAL PLANNING ACTIVITIES

Environmental planning related to transportation occurs at federal,
state, and local levels. This section describes some of the more impor-
tant planning activities as they relate to transportation. Many challenges
that transportation agencies encounter result from a lack of coordination
among the various planning activities that are often legally required. The
challenges identified in the following discussion will probably persist
until environmental factors are considered in all of these planning activi-
ties and the activities are coordinated. Small-scale environmental issues
can be addressed accurately only at the project level—for example, how
to span a stream. Determining whether a proposed road project can
avoid streams or minimize the number of stream crossings might be
more appropriate at a broader planning scale. Consideration of environ-
mental issues at the planning stage could be facilitated if the various op-
tions for avoidance, minimization, and compensatory mitigation and ra-
tionale for the preferred option were better communicated to stake-
holders. For example, at the planning stage, there might be several broad
corridors considered for a road, and a preference might be expressed for
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the one that has fewest impacts on wetlands. Nonetheless, even within
that broad corridor, wetland impacts will occur, but recognition of the
avoidance steps taken in early planning may help to reduce objections dur-
ing project review.

Systems planning takes a top-down and broad-scale perspective,
whereas project planning deals with a specific project. Many govern-
ments and nongovernmental organizations (NGOs) have other planning
activities that can be integrated with transportation planning. These ac-
tivities include natural-resource planning, growth management, land-use
planning, and economic development planning.

Systems Planning

The state transportation system provides the opportunity to address
the larger issues associated with environmental impacts. Systems-
planning studies examine a multimodal transportation system and the
future transportation needs at the state and interstate levels to arrive at a
systems plan that is used to develop the LRTP. At this scale, environ-
mentally sensitive corridors can be identified to determine whether mov-
ing forward with a project is in the best public interest. It is also possible
to address the cumulative effects of projects on the landscape and to find
means to avoid, minimize, or develop mitigation strategies for environ-
mental impacts. This broad-scale perspective is especially important
when evaluating impacts on wildlife connectivity for animals requiring
large areas for maintenance of their populations.

If streamlining the environmental process is to be successful, envi-
ronmental concerns associated with transportation plans and projects
should be identified early so that project approval can move forward
quickly. The goal of such proactive consideration of potential environ-
mental issues would be to retain flexibility in avoidance and mitigation.
Identification of issues and impacts at the systems-planning stage would
allow the time and opportunity to resolve such factors before including a
project into a plan.

Assessment of an environmental decision in a plan is a key part that
is often overlooked (Bergquist and Bergquist 1999). Even though trans-
portation plans (LRTP and TIP) are revisited annually, an important as-
pect of the planning process is that plans are frequently changed. There-
fore, it is important that stakeholders continue to be involved at all
phases of project planning, which can take many years and much effort.
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Project-Planning and Ecological-Impact Assessment

Project-level planning and ecological-impact assessment studies are
done for those projects identified in the TIP when they are advanced to
the design phase. This stage can be simple or complex. Projects that are
judged not to have significant impacts can be categorically excluded
from environmental assessment, and those that have potentially signifi-
cant environmental impacts require more extensive studies. Level of
documentation and necessity of associated studies are determined as pro-
ject alternatives are developed and as issues or impacts are identified.

The National Environmental Policy Act (NEPA) requires study of
social, economic, and environmental impacts of transportation projects
that involve federal actions (such as financing, approval of connection to
interstate system, and permits). This requirement has resulted in stan-
dardized procedures during the project development phase for documen-
tation of potential environmental impacts of federal actions by the Fed-
eral Highway Administration (FHWA). The state transportation agen-
cies and their consultants carry out these studies. The degree of study is
based on potential social, economic, and environmental impacts. As de-
scribed in Chapter 5, these studies lead to documentation in one of three
forms: (1) categorical exclusion (CE), (2) an environmental assessment
and finding of no significant impact (EA/FONSI), or (3) an environ-
mental impact statement (EIS). Determination of the form of report is
based on the significance of potential impacts and is arrived at jointly by
the state transportation agency and FHWA. If there is a question of sig-
nificance of impact or controversy associated with a project, an
EA/FONSI or an EIS is developed. Over 90% of state transportation
projects are processed as CEs, meaning they are deemed to have minor
or no impact on the environment, as most of the projects involve expan-
sion or modification of existing roads. Approximately 3-4% are proc-
essed as an EA/FONSI, meaning that the assessment resulted in a finding
of no significant impact and the environmental issues were resolved.
Less than 5% of transportation projects require an EIS meaning they may
have significant ecological impacts or controversy (Forman et al. 2003).
All projects require environmental study of potential impacts, but the
degree of investigation is done on a case-by-case basis.

A recent study of highway practices found that, for the most part,
states are successful in processing their environmental documents (EA
and EIS) through a discovery process involving expert input and through
coordination of the resource and regulatory agencies and the various pub-

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

178 Assessing and Managing the Ecological Impacts of Paved Roads

lic groups (Evink 2002). However, project delays can result because of
environmental issues that require lengthy coordination.

The studies conducted during the project development phase are
based on more specific information about potential project alignments
and features than those conducted earlier. Therefore, the assessment of
potential impacts is more complete during project development than at
earlier planning stages. Problems can arise from the lack of information
about associated environments. The need for long-term studies of poten-
tial impacts to the environment, such as those for a rare species, can
cause unanticipated delays. Lengthy coordination with public-land man-
agers for compatibility with land-management plans may be necessary.
However, Evink (2002) found that most transportation agencies are try-
ing to address environmental considerations. In that study, a survey in-
dicated that Florida, Washington, Montana, and California, among oth-
ers, have to finance the collection of basic environmental information on
public lands before environmental analysis can be completed. Some
agencies even finance the study of basic environmental factors, such as
rare species occurrence, wetland functioning, and water quality, if un-
known, to complete their environmental analyses. Often, these environ-
mental issues might have been better resolved had they been identified in
the early planning stages through a more complete environmental
screening.

Although the NEPA document requirements are well defined, such
clarity is not the case for assessment of environmental impacts associated
with transportation projects. There is substantial latitude and flexibility
in methods for the identification and mitigation of environmental im-
pacts, and as a result, analytical quality varies among environmental
documents developed by transportation agencies. The quality of the
documents largely depends on the expertise of the scientists both within
and outside the transportation agencies that are involved in the develop-
ment of the documents. Therefore, a standardized analytical method
could improve the overall quality of the assessments contained in the
NEPA documents.

If issues and impacts are identified in the systems-planning process,
the environmental impacts assessment and project development phase
should provide sufficient details for resource agency signoff or the op-
portunity for early resolution of impact issues. FHWA recently pub-
lished guidelines for better integration of transportation planning and the
NEPA process (FHWA/FTA 2005). The project development and EIS
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phase are the least desirable stages to resolve complex environmental
issues because project schedules often compress time frames.

Related Planning Efforts
Natural-Resource Planning

Natural-resource planning is conducted by federal, state, and local
agencies and by NGOs to develop management plans for lands under
consideration. Most of the agency plans are legally required. Coordina-
tion with the public and with other planning processes is also required for
many of these plans. However, resource limitations and the complexity
of the planning process often lead to little or no coordination among such
plans. In some cases, resource management plans are not completed by
resource agencies or are delayed because of limited resources. Hence,
transportation agencies often find that they are trying to resolve resource
and transportation planning issues without the needed input of plans from
other agencies. This problem can lead to a long coordination process and
project delays.

Growth-Management and Land-Use Planning

Similar to natural-resource planning, local growth-management
planning and land-use planning are ideally combined in a coordinated
effort that considers future growth and land-use patterns at the local
level. Consideration of environmental factors in local growth-
management planning is an important step in the process. Historically,
economic, social, and political factors have dictated local growth and
land-use planning at the expense of environmental factors.

Infrastructure required by local growth-management and land-use
planning is designed by transportation planning. The result is traffic pat-
terns generated by anticipated growth. When environmental factors are
not adequately addressed in the local plans, the transportation agencies
have problems resolving these environmental problems during project
development. These plans also suffer from inappropriate scale issues
and lack of detail.
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Economic-Development Planning

Economic-development plans interact with local growth-
management and land-use planning. Transportation is a critical factor
for many businesses. Therefore, implementation of a sound transporta-
tion system is important to the economic health of a state. Economic
drivers receive high priorities in planning at all levels of government.
When transportation facilities, such as highways, ports, and airports, are
needed in environmentally sensitive areas to facilitate development,
transportation agencies often have difficulty constructing such projects.
A more desirable approach would be the resolution of environmental
issues during regional planning. These planning efforts offer an impor-
tant opportunity to help support improved environmental considerations
in transportation planning.

TRANSPORTATION ECOLOGICAL ASSESSMENTS

Because of the decentralized nature of transportation planning and
project development, assessment of impacts (social, economic, and envi-
ronmental) takes place at different levels of government. Planning has
emphasized the idea that local planning would best address local trans-
portation needs. Therefore, counties, municipalities, regional transporta-
tion authorities, and MPOs in concert with state transportation agencies
have identified transportation needs and planned transportation im-
provements to address those needs. The motivations for these improve-
ments have largely been social and economic.

The objectives of environmental assessment at the planning phase
of transportation development are different from those at the project de-
velopment phase. During the planning phase, possible projects are stud-
ied in relation to their ability to address transportation needs. At that
point, specific project features are often not well defined. Concepts are
thus studied in broad terms.

Most projects in transportation plans are improvements to existing
facilities, and there is an existing alignment or structure with associated
environmental features. A small percentage of the transportation plan-
ning in the United States involves a new facility at a new location.

One of the assessment objectives during the early planning stage,
such as during the LRTP, can be the identification of environmentally
sensitive features associated with proposed transportation improvements.
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Recent guidelines published by FHWA (2005) suggest how such identi-
fication might be accomplished. Early identification of potential envi-
ronmental impacts would eliminate especially problematic projects or at
least allow for early coordination to work out environmental issues asso-
ciated with proposed actions.

A number of agencies from the federal to local levels are develop-
ing the ability to evaluate environmental concerns early (see Boxes 6-1
and 6-2). Checklists of key questions can help resource managers iden-
tify the places and issues of greatest concern (e.g., Box 6-1). These
questions relate potential environmental impacts of a proposed project to
overarching goals, conservation interests, and regulations. The questions
force the decision maker to think about the future for the region by con-
sidering the project in view of conservation plans and adjacent land uses.
The questions in such a checklist can be answered more readily if data
are accessible in a spatial data base (e.g., Box 6-2). These efforts are
primarily spatially based macro-scale examinations of environmental
features in the area of the prospective transportation improvements.
However, there is no standard assessment method required for evaluation
of environmental concerns in transportation planning or project devel-
opments, and necessary data are not always available at this stage.

TOOLS AND METHODS FOR ASSESSMENT

Development of rapid assessment methods has been attempted for
wetland functional analysis. The hydrogeomorphic method (HGM) of
wetland functional analysis by the Corps of Engineers (Corps) is the lat-
est effort (Brinson 1993). The HGM approach classifies a wetland based
on its setting in the landscape, its source of water, and the dynamics of
the water on-site. HGM has many useful applications in functional as-
sessment, but most variables incorporated into the assessment models
remain measures of wetland structure rather than processes, perhaps be-
cause of the cost of doing the functional assessment and the available
staff (NRC 2001). Although methods for a few wetland types have been
implemented, they have not been rapid assessment methods. Further-
more, the habitat evaluation procedure (HEP) developed by U.S. Fish
and Wildlife Service (USFWS) in 1980 is not a rapid assessment method
and has not become a standard assessment tool. The Pennsylvania De-
partment of Transportation developed a community-based, landscape-
level terrestrial mitigation decision-support system (Maurer 1999) that
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BOX 6-1 Example of a Checklist That Can Be Used
in the Rapid Assessment Process: The Florida
Environmental Technical Advisory Team

Rapid assessment of the potential for impacts of transportation
projects will require greater interagency coordination in the early
planning phases of transportation development. Florida is using a
team approach (environmental technical advisory team [ETAT] made
up of planning, consultation, and resource protection agencies) to
conduct early screening of proposed transportation projects. Be-
cause more than 90% of the transportation projects being developed
are processed as “categorical exclusions” (Forman et al. 2003), the
team approach to early screening could resolve environmental is-
sues in the majority of projects. Florida’s screening process is a
GIS-based system that uses habitat characterization and a series of
ecologically related questions to determine the significance of the po-
tential project impacts on the environment—in Florida’s model, so-
cial, economic, and ecological considerations are considered in the
process. Using only ecological concepts, the team considers the fol-
lowing types of factors early in the planning process to rapidly as-
sess the potential for impacts and to ultimately decide whether the
project can be moved to categorical exclusion or whether it requires
further ecological study and coordination.

e Does the corridor meet state and federal goals and plans for
the study area?

e Does the proposed corridor cross or adjoin lands acquired
or planned for acquisition as public conservation lands?

e Does the proposed corridor cross or adjoin lands identified
as important for wildlife in natural-resource management plans?

e Does the proposed corridor cross or adjoin federally defined
critical habitat for a federally listed species?

e Does the proposed corridor cross or adjoin habitat other
than critical habitat used by a state or federally listed threatened or
endangered species?

e Does the proposed corridor cross or adjoin a 100-year
floodplain of regional or state significance?

e Are proposed drainage alterations consistent with water-
shed management plans for the affected basins as defined by re-
sponsible water management agencies?

e Are there wetlands of state or regional significance in the
corridor area?

e Does the proposed corridor cross or adjoin areas with natural
resources of regional significance?
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e Does the proposed corridor cross or adjoin a watershed that
includes special designation areas, such as wild and scenic rivers
and national marine sanctuary?

e Does the proposed corridor provide new access or in-
creased access to a barrier island or involve an area identified as a
Coastal Barrier Resources Act unit or is it located within a coastal
high hazard area?

e Does the proposed corridor provide new access or in-
creased capacity to a nonurbanized area?

e Does the proposed corridor induce or encourage land uses
that are not contemplated by the adopted comprehensive plan?

e Does the corridor provide new or expanded access to envi-
ronmentally sensitive areas?

o Wil the proposed corridor support sound planned develop-
ment?

In the Florida model, after consideration of these initial screen-
ing questions at the beginning of the LRTP process, the ETAT
changes roles as the project progresses, providing further guidance
and support should the project progress into the NEPA phase. For
the approximately 10% of projects that cannot be categorically ex-
cluded, the screening process identifies the major environmental
concerns that will need to be addressed during the process, thereby
helping to accelerate conclusion of coordination and environmental
documentation.

BOX 6-2 Example of a GIS-Based Framework for Assessing
Ecological Conditions in the Southeastern United States

The southeastern ecological framework (SEF) (developed by
the University of Florida in 2001) is a geographic information system
(GIS)-based analysis that can identify ecologically significant areas
and connectivity in the Southeast. The states included in the project
are Florida, Georgia, Alabama, Mississippi, South Carolina, North
Carolina, Tennessee, and Kentucky. The approach is designed to
meet the U.S. Environmental Protection Agency’s (EPA’s) goals of
gathering and disseminating information pertinent to the ecological
condition of a region. The framework focuses on implications for
biodiversity protection, but the approach can be used for clean water
and air provisions and global-change risk reduction. Data layers in-
clude conversation lands, hydrological features, wetlands, land

(continued on next page)
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cover, potential habitat for species of interest, shellfish harvest ar-
eas, and the 100-year floodplain.

The development of a regional spatially explicit database and
tools to access the information facilitates collaborative decision mak-
ing, which is becoming a part of the process of environmental protec-
tion. Having spatially explicit data available for a region allows
broad-scale implications to be considered in decision making. The
spatial implications are important to consider because the growth of
human populations and transportation systems, as well as economic
development, are fragmenting natural landscapes. The need to con-
sider connected actions and cumulative effects and to understand
the geographic context where the actions will occur argues for an
approach to project planning that considers a larger geographic area
than that usually covered by a single project. The SEF provides a
schema and contributes to the environmental decision-making capa-
bility of local communities and regions. The approach is useful for
such diverse needs as community planning efforts and NEPA analy-
sis. The SEF has been used to examine potential impacts of pro-
posed roads.

A valuable aspect of the effort to create the SEF is the coordi-
nation across federal and private sources of natural-resource data.
For EPA to continue to align its programmatic efforts with perform-
ance goals at regional and national landscape levels, it will need to
rely on other state and federal agencies for sources of data, models,
and expertise. Conservation organizations, such as the Association
for Biodiversity Information and the Nature Conservancy, will also be
a valuable source of data on locations and status of ecological sys-
tems, vulnerable species, and special sites of biodiversity signifi-
cance. The use of the Southeast Natural Resource Leadership
Group by the SEF work group is a model for coordination efforts. In
addition, the effort to create a regional model to advance the man-
agement of the ecological framework is a novel and important step
forward.

has some characteristics useful for rapid assessment. The Florida De-
partment of Transportation has also developed a decision-making check-
list based on geographic information system (GIS) data that could be
used in a standardized assessment method (see Box 6-1). None of these
efforts has led to a national standardized assessment method.

Tools for in situ monitoring, remotely sensed monitoring, data
compilation, analysis, and modeling are constantly being improved. Ad-
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vances in computer technology mean that tools for data collection and
analysis are quickly getting into the hands of practitioners. However,
because data are usually insufficient at the local level, remote-sensing
techniques for data collection must be used when possible.

As the need for more strategic and broad-scale planning efforts to
minimize the impacts of roads on ecological systems becomes apparent,
various tools are being used to address the need. For example, quantify-
ing the overall impact of new-road development on biodiversity and es-
timating the risk to biodiversity strongly depend on the availability, accu-
racy, reliability, and resolution of national data on the distributions of
habitats, species, and development proposals (Treweek et al. 1998). Re-
mote-sensing data are often useful to such analysis. Most estimates of
land cover come from remotely sensed data. Data from Landsat satellites
are particular useful for characterizing land cover, vegetation biophysical
attributes, forest structure, and fragmentation (Cohen and Goward 2004).
Satellite remote-sensing data can be used to develop maps of land cover
at different times to assess changes over time in patterns and processes
(e.g., Franklin et al. 2000). Monitoring such changes can be important in
ecological monitoring programs at multiple spatial and temporal scales.
In addition, broad-scale measures of species occurrence and behavior
often rely on acoustical and video-monitoring tools or other type of re-
mote measures of species (e.g., Sherwin et al. 2000).

Thresholds may be used to depict abrupt changes in ecological im-
pacts, but in some cases, thresholds do not occur. For example, although
excessive loading of fine sediments into rivers can result from road con-
struction and such particles degrade salmonid spawning habitat, the lin-
ear relationship between deposited fine sediment and juvenile steelhead
growth suggests that there is no threshold below which exacerbation of
fine-sediment delivery is harmless (Suttle et al. 2004). Hence, any re-
duction in sediments could produce immediate benefits for salmonid res-
toration. However, thresholds can be important aspects of indicators re-
lated to road effects on habitat fragmentation (e.g., Gutzwiller and Bar-
row 2003) or habitat degradation (e.g., Johnson and Collinge 2004). The
response of European three-toed woodpeckers (Picoides tridactylus) to
different amounts of dead wood in a boreal and a sub-Alpine coniferous
forest landscape in Switzerland was related to steep thresholds for the
amount of dead standing trees and to a high—density road network (But-
ler et al. 2004).
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Issues, Gaps, and Problems with Assessments

Several issues arise in the current approaches to transportation as-
sessments. They include the lack of standardized methods, indicators,
and data. Other issues are the determination of the assessment scales and
the focus of the approaches on specific ecosystem components (such as
an endangered species) rather than on an integrated assessment. Other
issues arise around who is involved in the assessment process and how
government agencies interact with other groups.

The lack of a standardized method is the result of several factors.
Federal transportation regulations and guidance and Council on Envi-
ronmental Quality (CEQ) guidance outline in detail environmental fac-
tors that need to be considered in transportation assessments; however,
those factors vary among regions, and priorities for those factors have
not been established. Indicators of environmental quality or degradation
have not been well defined (NRC 2000b).

Discussion continues on the temporal and spatial scale necessary to
address potential impacts, especially secondary and cumulative impacts.
For example, one such issue that can be assessed at multiple large scales
involves the consequences of roads on fire dynamics in many parts of the
country, especially in light of ENSO (El Nifio/Southern Oscillation) and
other broad-scale sources of climatic variability. Another largely unad-
dressed issue is the interaction of road networks and biota movement in
context of climate change. The necessary environmental data do not ex-
ist for large areas of the country, and the data that exist lack reliability
and compatibility because data vary among regions, making subsequent
analysis difficult.

The existing process is a combination of coordination and an ex-
pert-opinion approach to identify the environmental factors within a pro-
ject. Local and state officials are required to hold public meetings to dis-
cuss proposed plans and projects. They are also required to coordinate
the plans with other state and federal agencies. A weakness in the exist-
ing system is that the information available during early planning meet-
ings is often so inadequate and incomplete that constructive dialogue
about environmental factors is put off until the project development
phase, at which point it is often more difficult to reach consensus on en-
vironmentally sensitive projects. Project concepts and designs have not
advanced to the point that potential environmental involvement can be
identified. Often, information about the natural environments encoun-
tered during planning activities is lacking. Another weakness is the lack
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of public, environmental agency, and NGO input because of lack of re-
sources. As a result, state transportation agencies have funded resource
agency staff to obtain early input (Evink 2002).

Although the transportation field is reaching a point where a na-
tional rapid-assessment method for evaluating transportation-related im-
pacts on the environment might be developed, there are still many obsta-
cles. First, the basic biological information needed is lacking in many
areas of the country. Next, there is no central source of such information
when it is available. As a result, obtaining the information requires a
major coordination effort by the transportation agency. EPA is working
on developing such a centralized data set (Box 6-2; Durbrow et al. 2001).
Often, the transportation agencies lack resources to generate missing in-
formation and must contract with other agencies or consultants to de-
velop even the most basic biological information. An example is the ba-
sic biological information about an endangered or threatened species and
their distribution. Lack of funding in the state and federal agencies re-
sponsible for wildlife management has led to a lack of management plans
for habitat and wildlife in some areas of the country. Furthermore, addi-
tional work is needed in developing and testing models that address
transportation impacts on ecological systems.

A rapid assessment method could be developed to evaluate the im-
pacts of transportation actions on the environment and to generate miti-
gation strategies. It would interface GIS data with analytical models and
empirical data to determine potential impacts under different scenarios.
However, development of such analytical tools has not been an easy task,
given the lack of data, mixed data quality, need for centralized data
sources, and lack of resources for the development of data and tech-
niques as well as scientific debate on measurement techniques. Rapid
assessment components continue to be developed so that they can be im-
plemented, but coordinating a rapid assessment method with the neces-
sary participants may become overwhelming, as was the case when de-
veloping wetland models with the Corps-sponsored HGM. The original
functional assessment procedure was modified to meet different needs,
and most deviate from the original intent, premise, and design (Brinson
1995, 1996). If a standardized rapid assessment method becomes a na-
tional imperative, the following are some of the actions that will be nec-
essary to produce a universally acceptable product.

A factor limiting the development of a rapid assessment method has
been the lack of uniformity of data collected at one scale of resolution,
using standard means for measuring, sampling, and labeling. The need
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for uniformity is especially true of data useful in GIS. Data uniformity is
lacking even among agencies in many state governments, let alone in the
nation. (For example, soil data are inconsistent from state to state.) State
and federal agencies and industry groups have been discussing for years
what format and systems should be used, and some progress has been
made. The lack of uniformity also applies to the quality of data avail-
able. Many different entities are developing data, and the quality of the
data is dependent on the resources and expertise brought to the task.

Scientific debate continues about appropriate indicators of ecologi-
cal attributes. EPA developed a framework that attempts to define these
multiple attributes (Figure 6-1), Dale and Beyeler (2001) developed cri-
teria for indices, and the NRC (2000b) proposed a set of national eco-
logical indicators and described the scientific rationale for them. There
are six essential ecological attributes: (1) Landscape conditions are the
extent, composition, and patterns of habitats in a landscape context. An
example is the status and change in extent of a forest system. (2) Biotic
condition is the viability of communities, populations, and individual
biota. Examples include the presence and population trends of rare and
common species. (3) Ecological processes are the metabolic functioning
of ecological systems, such as energy flow, element cycling, and the pro-
duction consumption and decomposition of organic matter. (4) Chemical
and physical characteristics are the physical conditions (for example,
temperature) and concentrations of chemical substances (for example,
phosphorus) present in the environment. (5) Hydrology and geomor-
phology are the interplay of water and land form in the environment.
Soil erosion and changes in streamflow rates fall into this category. (6)
Natural disturbance regimes are the pattern of discrete and recurrent dis-
turbances that have shaped an ecological system. Examples include
wind throws, floods, and fires. Often, the relevant indices depend on the
project questions and options (Figure 6-2).

Finally, the lack of mandatory legal standards or requirements for
many ecological features, other than air quality, water quality, and wet-
lands, complicates the issues of whether and how a standard assessment
method should calculate impacts or set metrics to assist with mitigation
choices.

On a more positive note, scientific and technological development
is leading the nation in the direction of a better understanding of the en-
vironment and the impacts of human activities. This advancement is
largely the result of computer technology and the associated capabilities
for data storage and analysis. Models using GIS data hold great promise
and are being developed to look at diverse sets of parameters to support
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FIGURE 6-1 EPA ecological framework: essential ecological attributes.
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FIGURE 6-2 The spectrum of environmental performance measures. Abbre-
viations: SAB, Science Advisory Board of EPA; TMDL, total maximum daily
load. Source: EPA SAB 2002.
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decision making (see Dale 2003). An example is the landscape ecologi-
cal analysis and the rules for the configuration of habitat (LARCH)
model, an expert systems model that uses thematic mapping to examine
ecosystems and network populations to compare different landscape sce-
narios to support decision making in considering project alternatives in
The Netherlands (Bank et al. 2002). For mitigation, models are being
developed that identify wildlife habitat linkages for planning wildlife
crossing structures (Clevenger et al. 2002a).

Modeling tools are being developed to meet the needs of environ-
mental assessment. The use of models is based on the concept that
models can synthesize the current understanding of the environmental
repercussions of an action. Models offer the opportunity to deal with
complexities and interactions without being overwhelmed by details. In
particular, future modeling should deal with scales, feedback, and multi-
ple criteria for environmental protection (Dale 2003). Models can inte-
grate processes that operate on various temporal and spatial scales. In-
corporating feedback from different aspects of the environment that op-
erate at different scales is one of the biggest challenges of interdiscipli-
nary research. Environmental protection has been constrained by efforts
to meet one single criterion (for example, protection of a single species
or keeping water quality above a given standard). Developing ap-
proaches allow simultaneous consideration of several criteria and their
interactions. The use of ecological models by decision makers also re-
quires some improvements. These include establishing closer communi-
cation between environmental scientists and modelers, developing
clearer definitions of the land and resource management issues, using
models to enhance understanding, and exploring alternative future condi-
tions (Dale 2003).

Some transportation agencies have begun to use these techniques in
transportation planning and project development. Natural Heritage Pro-
grams and other state agencies are providing GIS data. A few states’
transportation agencies have even contributed to the development of
these data layers. Florida has completed GIS layers for many features of
the state and is using the information in systems planning and project
development studies (Carr et al. 1998, Kautz et al. 1999, Smith 1999).
Florida is also developing models using the GIS data to identify potential
impacts on environments, given different types of factors (Box 6-1).
These data are then used in coordination with resource agencies and the
public to arrive at the transportation plans and subsequent projects. An
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interagency effort (the Southeastern Ecological Framework) has been
formed to develop this type of data for the entire southeastern United
States (Box 6-2).

The state efforts are in response to the need for more complete dis-
closure of information related to transportation planning and project de-
velopment to streamline the approval process. The internet is contribut-
ing substantially to sharing this information. State transportation agen-
cies are posting planning and project development information on the
web as part of their public involvement programs, providing a conven-
ient opportunity for agencies, organizations, and the public to have input
on a project. Another promising area from the internet is international
sharing of information. Scientific information on the impacts of trans-
portation on the natural environment is being gathered and posted at sites
by several of this nation’s transportation centers (for example, the Center
for Transportation and the Environment and the Western Transportation
Center) and internationally by the multinational research committee
COST' effort in Europe, along with a host of university, governmental,
and private sites (Evink 2002, Bank et al. 2002).

To develop standard methods, a number of steps need to be taken.
First, resource agency budgets would need a major increase allocated to
the development of basic biological information in a uniform format.
This step would have to take place at state and federal levels to develop
the data and planning necessary for input to the system. This informa-
tion could be made available through a web-based system. Second, a
national effort to develop environmental GIS data at the local and state
level in a uniform format would be necessary. Data layers that are useful
to include are land cover, roads, utility lines, soil types, hydrological
units, streams and lakes, public ownership lands, and patterns of past
disturbances Although some of this work is already taking place, it can-
not be used in all locations of the country. A web-based system of the
data would be necessary for efficient sharing of the data.

Next, interdisciplinary groups of scientists, including personnel
from resource and regulatory agencies, would be tasked to identify the

" COST is a European framework for the coordination of nationally funded re-
search. A “COST Action” is a European Concerted Research Action based on a
Memorandum of Understanding (MoU) signed by the Governments of the
COST Countries wishing to participate in the Action. Each COST Action is
identified by a number (e.g., 341) and a title (e.g., Habitat Fragmentation due to
Transportation Infrastructure). Reference: http://www.cordis.lu/cost-transport/
home.html.
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analytical models needed for the various environments encountered by
transportation projects—wetlands, aquatic systems, uplands, and so
forth. Research would be needed to develop the analytical models.
Models that include mitigation components would need to allow exami-
nation of costs and benefits of various alternatives. The approach would
involve interdisciplinary groups who would develop an interactive ana-
lytical program that would form the core of the rapid assessment meth-
odology. Approval by a wide audience would be necessary to make the
effort fruitful in the end.

Some state transportation agencies, such as Florida’s, have already
proceeded along this path. However, progress is slow because of sparse
funding, and lack of reliable basic data, completed land-management
planning, and other information needed to make the system work. Get-
ting consensus from resource and regulatory agencies has often been dif-
ficult because of the diversity of interests involved. Any increase in ac-
tivity at the state and federal level would help provide the science to
make a standardized assessment method possible.

POTENTIAL SOLUTIONS AND IMPROVEMENTS
FOR ASSESSMENT AND PLANNING

Conceptual Considerations

Environmental assessments and planning activities involve some
estimation of future events. These processes involve trying to predict
environmental effects associated with a certain action, such as building
or widening a road. Although broad, general outcomes are known, the
ability to predict ecological outcomes is difficult and limited for many
reasons. Ecological systems are complex; the scales of ecological struc-
tures and processes range widely; there are many competing ideas about
the structure and functioning of ecological systems; and the lack of in-
formation and financial support to test ideas about ecological systems
prevent resolution on a meaningful scale. Those problems can be applied
to the social dimensions of assessment and planning. Social-dimension
problems include the shifting and multiple values that society places on
different aspects of ecological systems.

Another way to think about assessment and planning is that both
are processes that address the consequences that may result from a pro-
posed action. Several approaches have been developed to address and
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reduce uncertainties. Those include qualitative assessments by knowl-
edgeable persons, narratives or scenarios, strategic gaming, statistical
analyses of empirical or historical data, and causal modeling (NRC
1999). Expert opinions can be used in legal situations or when causal
understanding or data are lacking. The development of narratives or sce-
narios has been used successfully to highlight emerging issues (for ex-
ample, Carson 1962) or to roughly define feasible alternative futures that
contain great uncertainty. Scenario-based planning has been used in
business (Shell Corporation [van der Heijden 1996]), climate-change
research (Raskin et al. 1998), and exploration of sustainable futures
(NRC 1999). Empirical approaches that involve statistical analyses of
existing data sets are dependent on extant information in forms amenable
to analysis. On the basis of the amount and type of uncertainty associ-
ated with ecological issues, all of those approaches can be used to assess
resource issues in transportation. A conceptual framework is proposed in
the next section as a way to improve integration of ecological considera-
tions into transportation planning.

Conceptual Framework for a Rapid Assessment Method

The committee’s proposed conceptual framework for a rapid as-
sessment method systematically incorporates ecological factors into
transportation decision making. Its rapid assessment approach is based
on those that use basic ecological principles (Stohlgren et al. 1997, Stork
et al. 1997, Dale et al. 2000, Dale and Haeuber 2001). Many aspects of
this approach were field tested by the Pennsylvania Department Trans-
portation (see Maurer 1999). In addition, the Florida Department of
Transportation developed a checklist (Box 6-1) using GIS data that could
be the basis for a standardized assessment. In this section, the committee
takes the elements of existing methods, develops a framework, and pro-
poses that a national method be adopted.

The goal of the rapid assessment method is to provide environ-
mental information to decision makers at several stages in the process of
making decisions so that the ecological impacts of roads can be evalu-
ated. The ecological impacts must be considered in early decisions.
However, such early inclusion is possible only if the ecological informa-
tion can be provided in a timely manner. Streamlining of ecological in-
formation early into the decision-making process can reduce costs.
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The rapid assessment approach offers new opportunities to better
protect, restore, and enhance ecological systems affected by the construc-
tion, maintenance, and operation of transportation systems. At present,
this method cannot be rapid, but it should become so as the approach
becomes more familiar, as the required data become more available, and
as the tools for data manipulation and analyses become more widely ac-
cessible. The committee’s proposed framework calls for

e  Consideration of ecological factors early in transportation sys-
tems planning and throughout project development, maintenance, and
operations.

o  Establishment of ecological goals and performance indicators
along with transportation goals and performance indicators to meet eco-
logical resource protection, restoration, and enhancement needs as well
as transportation needs.

e  Identification of the ecological context of the study area in the
form of the mapping and characterization of specific features of the eco-
logical system before the development of transportation systems plans,
programs, and projects.

e  Use of a context-sensitive solutions planning and design ap-
proach to explore a range of transportation solutions in lieu of a design
and impact assessment approach.

e  Use of ecosystem performance assessment models to evaluate
the ecological performance of alternative solutions.

e  Provision of information and involvement of the public
throughout the process.

e  Monitoring and evaluation of ecological protection, restora-
tion, and enhancement during construction, maintenance, and operations.

e  Ecological research to develop new baseline information,
analysis methods, and tools.

e  Use of ecological databases and models for managing base-
line, monitoring, and evaluation information.

e  Formation of multidisciplinary and multiorganizational teams
that collaboratively conduct ecological analyses related to transportation
issues.

e  Expansion of the consideration of ecological factors beyond
transportation project development for which ecological impacts have
been addressed historically through compliance with NEPA and other
environmental laws, regulations, and policies.
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The committee’s proposed conceptual approach is described as a
five-step process (Figure 6-3) in the following paragraphs.

Step 1—Establish a multidisciplinary and multiorganizational team

Before this process is begun, however, an analysis is needed of the
probable effects of the project on the environment, based on considera-
tions such as those discussed in Chapter 3. Thus, if the project is the
construction of a new major highway, assessments would be conducted
on the potential for habitat alteration; disturbances due to noise and light;
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FIGURE 6-3 Diagram of committee’s proposed framework for a rapid assess-

ment method.
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fragmentation of habitat; interference with the dispersal of most organ-
isms; facilitation of the spread of some organisms, possibly including
exotics; a risk of deaths to mobile animals caused by collisions with traf-
fic; possible changes to hydrological and sedimentation patterns; and the
probable accumulation of contaminating chemicals, including de-icing
materials in most regions of the country. If the project is a bridge re-
placement, resurfacing or widening of an existing road, or similar activ-
ity, then a different and smaller suite of potential environmental effects
will need to be assessed. In addition to the road, the structures that will
need to be identified include culverts, bridges, overpasses, on- and off-
ramps, and causeways. Once the preliminary but essential assessment
has been done, the remaining five steps should be followed as described
below.

The team should consist of planners, engineers, and environmental
professionals who have experience with the particular conditions related
to ecological impacts of roads. The team members will develop and ap-
ply the method. Depending on the makeup of the team, the method
could be used at the project level or the system level. It is critical, how-
ever, that the ecological impacts of roads be considered at several stages
in the road planning process, especially at the early stages. As the pro-
ject evolves, team membership may change as different expertise is
needed. For example, if a road crosses a karst area (terrain usually
formed on carbonate rock, characterized by deep gullies, caves, sink-
holes, and underground drainage), a specialist may be needed.

Step 2—Define context

Defining the context requires identifying ecological and transporta-
tion goals, ecological concerns, and spatial and temporal scales of inter-
est. The ecological goals should include protection of species of concern
and habitats, specific ecological or geological features, and ecosystem
services as well as transportation goals (for example, to develop a new
road to meet transportation needs). The Committee of Scientists (1999)
argued that meaningful planning sets both long-term goals and desired
future conditions. Thus, the link between developing assessments and
building decisions is in defining the desired future condition that includes
both ecological and transportation goals. Defining a desired future con-
dition requires extended public dialogue, as it is a social choice affecting
current and future generations. As a future-oriented choice, a desired
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future condition seeks to protect a broad range of choices for future gen-
erations, avoid irretrievable losses, and guide current management and
conservation strategies and actions. Nonetheless, given the dynamic na-
ture of ecological and social systems, a desired future condition is also
dynamic over time and thus is always revisited in the decision-making
process during monitoring, external review, and evaluation of performance.

The public can be involved in all stages of setting goals. From a
social perspective, desired future conditions are those that sustain the
capacity for future generations to maintain patterns of life and adapt to
changing societal and ecological conditions (Committee of Scientists
1999). Different parts of society and different stakeholders offer inter-
pretations of both past and possible future conditions, reinforcing the
importance of the deliberative process of collaborative planning.

Ecological assessments offer independent information about eco-
logical conditions, against which differing perspectives can be compared.
This process will provide a mosaic of explanations and perspectives, all
of which need to be a part of the deliberation of desired future conditions
and the implications for future choices of different ecological conditions
(Committee of Scientists 1999). Although choosing a particular desired
future condition is a social choice, this choice is still bound by biophysi-
cal limits. Thus, the desired future condition represents common goals
and aspirations.

Defining ecological concerns also requires addressing legal and so-
cial issues. Laws that protect the environment are addressed in Chapter 5
and include NEPA, the Endangered Species Act, the CWA, the CAA,
and many other national and local laws and ordinances. Social issues are
typically context specific and may include the need to preserve certain
places that are highly valued by the community. Thus, context definition
draws on the experiences of all of the stakeholders.

Step 3—Identify and obtain information of ecological
performance indicators

Performance indicators for the desired future conditions are metrics
that quantify the features for the desired outcome. The essential ecologi-
cal attributes (see Figure 6-1) can be considered a checklist to help to
develop these indicators. Some of these values may be available from
existing data sources (for example, the southeastern U.S. framework; see
Box 6-2). Characterization of the ecological system can be done by

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

198 Assessing and Managing the Ecological Impacts of Paved Roads

quantification of the selected indicators. However, the indicators can
vary over time and space (Figure 6-4). When possible and reasonable,
mapping of the performance metrics provides spatial attribution of the
indicators.

Other experience with environmental assessments (Holling 1978;
Walters 1986, 1997) suggests that dynamic computer models for re-
source-managed applications can be powerful tools at this step. These
models link data on chosen indicators with information on critical eco-
system factors that influence these indicators. These models also include
linkages to determine how alternative design or policy options would
affect indicators. GIS may provide useful information on spatial rela-
tionships and slowly changing ecological attributes but are not as effec-
tive in understanding dynamic linkages. Another attribute of this model-
ing approach is that it enables the technical team to assess feasibility of
policies, which is critical to determination of context-sensitive solutions.
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FIGURE 6-4 A suite of indicators across scales is being adopted by the U.S.
Department of Defense’s Strategic Environmental Management Project.
Source: Dale et al. 2002. Reprinted with permission; copyright 2002, Elsevier.
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Step 4—Context-sensitive solutions

Information generated by an ecological assessment can contribute
to the understanding of ecological processes, but it cannot determine
what choice is right. Informed expert opinion and public dialogue is es-
sential to determine decision options. Hence, a first step for decision
making is to develop the public forum for defining the desired future
condition. The decision makers can use the options generated and pro-
jections of the ecological impacts of their implementation to plan and
design context-sensitive transportation solutions.

Options for meeting the transportation goals can be considered in
view of their potential effects on ecological conditions. Enhancement
and mitigation can be built into the array of proposed solutions. A plan
can be designed to convey the information of changes in performance
indicators to planners, engineers, and decision makers. Modeling and
assessment tools can be used to determine whether any solutions meet
(or exceed) the ecological and transportation goals. If goals are met for a
proposal, then that solution may be selected. If not, then the team can
use the assessment information to determine whether the impacts from a
solution are acceptable. If the ecological ramifications are not accept-
able, then the transportation goals may need to be reevaluated, or if the
transportation consequences are too severe, then it may be necessary to
reset acceptable ecological goals. This proposed process may not reduce
or eliminate all issues.

Regarding proactive actions to address ecological concerns, the ef-
fect of actions driven by laws and ordinances and social concerns can be
very different from those designed merely to meet the short-term intent
of the law. In addition, proactive measures can serve to speed develop-
ment by considering all possible negative implications of a decision and
implementing solutions to a potential problem early in the process (often
using actions that are relatively inexpensive to implement at the early
phase, for example, small relocations).

Step 5—Ongoing monitoring and evaluation
After information from the rapid assessment process has informed

decision making and a decision has been implemented, it is critical to
continue monitoring and evaluating to determine whether the ecological
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and transportation goals are being addressed and to provide the opportu-
nity for mid-course corrections (Bergquist and Bergquist 1999). When
corrections are necessary, it may be useful to go back to step 2 of this
process (Figure 6-3) and redefine the context, obtain new information on
performance indicators, reevaluate context-sensitive solutions, and rein-
state a new monitoring and analysis protocol. Unfortunately, existing
laws and regulations do not require reevaluations, but such reconsidera-
tion often makes sense in terms of management and budgetary needs.
Planning for ongoing monitoring and evaluation requires well-
maintained and accessible databases and the ability to use performance
indicators to track the ecological implications of natural changes and
management actions. Data and indicators are critical components of this
proposed framework. In addition, such reevaluation allows for correc-
tions to be made to correct for deficiencies in performance and for ongo-
ing communications with the public.

Data and Indicators for Assessment

To conduct ecological impact assessments as part of transportation
decision making, the transportation and ecological context of the area of
potential impacts must be well defined and understood. These contexts
are defined through the collection and analysis of baseline transportation
and ecological data. The collection of such data usually involves a com-
bination of acquiring existing data files and conducting supplemental
field studies. The scale, quality, quantity, accessibility, and age of the
existing data files on baseline conditions heavily influence the amount of
supplemental field studies necessary to define the transportation and eco-
logical contexts adequately.

Local, state, and federal transportation agencies over the past 100
years have assembled a tremendous amount of macro-scale and micro-
scale baseline data about the transportation system. In the past 25 years,
a concerted effort has been made to create national electronic transporta-
tion databases and database management standards to improve the qual-
ity and accessibility of the transportation data. With the advent of the
internet and GIS, transportation agencies have developed web-accessible
databases and decision-support systems that make high-quality transpor-
tation system data readily accessible for decision making at the local,
state, and national levels. The FHWA in cooperation with the local,
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state, federal, and tribal transportation agencies through the American
Association of State Highway and Transportation Officials have ongoing
transportation data collection and management enhancement programs to
continually update and improve the quality, quantity, and accessibility of
data.

Although local, state, and federal regulatory and environmental
agencies and interest groups have assembled and managed a tremendous
amount of baseline ecological data over periods similar to the develop-
ment of transportation data, the data are typically low quality, at a macro-
scale, and rarely adequate for ecological impact assessments. Very few
transportation ecological impact assessments are completed with previ-
ously existing ecological data. Most often, the transportation agency
environmental professionals must collect ecological field data at a micro-
scale for their ecological impact assessments.

The timing and extent of supplemental field studies often drive the
transportation project delivery schedule. In the case of ecological field
studies, their timing and extent is usually heavily influenced by changing
environmental and biological conditions that could result in several
months to years of field study. In contrast, transportation field studies
involve measurements that are not as heavily influenced by changing
environmental and biological conditions, allowing them to be completed
in weeks or months. The short time frame of transportation field studies
may be inadequate to gather sufficient data on important ecological proc-
esses (such as animal migration) that may require at least 2 years to
document adequately.

Ideally, high-quality ecological databases with macro-scale and mi-
cro-scale data would be readily accessible to transportation agencies to
define the ecological context for ecological impact assessments. They
would be developed and operated in accordance with national database
standards. Such databases would probably substantially reduce the num-
ber of ecological field studies necessary to supplement the ecological
databases. By reducing the number of ecological field studies, ecological
impact assessment and transportation program delivery schedules could
be shortened. The real world of databases, models, and GIS is quickly
approaching this ideal goal. Already, emergency services use spatial
databases to plan and implement civic actions. As these tools are
adopted by municipalities and states, they can be used for planning and
assessing ecological impacts of roads. For example, standard GIS data on
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road networks (for example, TIGER/Line data) could be interfaced with
data models (for example, UNETRANS).

The typical ecological database information that would be used in
defining the ecological context of the area of potential impacts includes

Land uses, including consumptive and nonconsumptive uses
Topography
Soils
Surface waters
Groundwater
Vegetative cover
Plant species population locations, including threatened and
endangered plants

e  Animal species population locations, including threatened and
endangered animals

e  Important wildlife-movement corridors intersecting transpor-
tation corridors

e  Important plant and animal species habitats, including threat-
ened and endangered plants and animals

e Degraded plant and animal species habitats with restoration
potential

Models need to be in place to manipulate these data in ways that are
useful to address potential ecological impacts.

A hierarchical approach to assessing ecological condition was de-
veloped and tested by the Center for International Forestry Research
(CIFOR 2004). This approach begins at the landscape scope and uses
the broad-scale perspective to focus the assessment. Such an approach
would be very useful to evaluate the ecological impacts of roads.

SUMMARY

This chapter provides a review of current practices in transportation
planning and assessment. Large-scale planning processes (such as
LRTP) are only required to address air quality issues (such as attainment
of standards) and generally do not address other environmental issues.
Some states are including environmental information earlier in the plan-
ning process, thereby improving the coordination of environmental is-
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sues and simplifying the project development process. The science
needed to improve early environmental assessment in the planning proc-
ess is evolving. Models and methods are discussed with examples of
some of the more successful approaches. Conceptual analytical ap-
proaches are presented and a framework developed. Weaknesses and
information gaps needed to bring these concepts to reality are identified.
To streamline environmental assessments, three steps must be taken: (1)
A checklist addressing potential impacts should be adapted that can be
used for rapid assessment. Such a checklist would focus attention on
places and issues of greatest concern. (2) A national effort must be made
to develop standards for data collection and then to collect appropriate
environmental data (both spatial and temporal) across a wide range of
scales. These data should be made accessible and available via the inter-
net. (3) A set of models (such as GIS) must be expanded to allow those
data to be used in assessments to address scale, feedback, and mixed cri-
teria for environmental protection. Transportation agencies can continue
to expand their roles as information brokers and to foster planning fo-
rums that integrate environmental planning and assessment across agen-
cies, NGOs, stakeholders, and the public.
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Integrating Obstacles and Opportunities

INTRODUCTION

The previous six chapters underscore the need for integrating envi-
ronmental concerns into all phases of road development and the special
challenges to that integration. In this chapter, some of the barriers to in-
tegration and some ways to eliminate or lessen those barriers are dis-
cussed. As suggested in Chapter 1, integration is critical in two areas:
integrating across scales of space and time and integrating ecological and
social concerns. The first section in this chapter briefly summarizes how
issues of scale influence the understanding and management of road
ecology. The second section reviews how environmental issues can be
integrated with other social concerns. The chapter concludes with a sec-
tion on facilitating integration in practice and suggests some alternative
approaches and considerations for developing integrative solutions.

ISSUES OF INTEGRATION ACROSS SCALES

Ecological systems self-organize across a wide range of spatial and
temporal scales. They operate over spatial scales of millimeters to thou-
sands of kilometers and temporal scales of milliseconds to millennia (see
Chapter 1, Figure 1-9). The span of scales over which ecosystems oper-
ate is much larger than the span of scales evaluated in this report. In the
evaluation of the ecological effects of roads and in the assessment and
management options associated with those effects, the committee fo-

204

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

Integrating Obstacles and Opportunities 205

cused on spatial scales from meters to hundreds of kilometers. Temporal
scales included in this report range from days to a few decades.

In confronting the broad range of scales covered by ecosystems and
road systems, the approach has been to divide the scales into research,
assessment, and management categories. As shown in Chapter 3, most
research on, and understanding of, ecological effects covers small
scales—road segments and corridors. The committee has inferred effects
at larger scales (disruption of landscapes and spread of exotic organ-
isms), but few studies cover these scales. In all of these studies, bounds
are established that define a discrete scale range. Studies are bounded in
space (for example, meter square plots to hundreds of hectares) and time
(for example, days to years), whether they are field investigations or
modeling-based inquiries. As with the understanding of ecosystems, the
scales for road planning, assessment, and operation are also divided;
long-range transportation plans (LRTPs) cover regions and decades, and
state transportation improvement plans cover road segments and years
(see Chapters 3 and 6). This division of scales has its roots in theory, as
described in Chapter 3; Chapter 3 also discusses cross-scale effects and
their relevance to road ecology. The remainder of this chapter focuses
on integrating social (including legal, institutional, and economic) and
ecological issues.

Scales of Law, Planning, Assessment, and Financing

Federal laws apply to the lands within the United States, unless
specified otherwise, and thus cover a wide range of spatial scales, from a
very small scale (molecular level for water or air quality) to a national
scale. State laws are restricted to the geographical extent of that specific
state and may address environmental concerns in relation to roads. Even
though these laws cover a conceptually wide area (the nation), the spatial
scope is narrowed greatly during the planning and assessment process.
For example, consideration of wetland resources is only applied to spe-
cific areas where wetland ecosystems occur. Similar restrictions are ap-
plied to endangered species consideration, generally applied to a specific
population and habitat, regardless of wider distributions. Hence, there
appears to be a consideration of the relationship of immediate (spatial
scale) impacts on wetlands and on endangered species, but insufficient
consideration of how those immediate impacts relate to impacts on a
greater scale. This narrowing in scope of federal statutes requiring envi-
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ronmental considerations occurs when road projects cross state borders—
that is, ecosystems cross state borders, but planning of road projects does
not.

One of the gaps identified by the committee is the lack of protection
of ecosystem goods and services at scales larger than the road segment.
A broader and consistent set of ecological concerns should be addressed
to provide that protection.

The current system of planning is conducted at two scales: the pro-
ject level (e.g., transportation improvement program) and the regional or
state (LRTP) level as detailed in Chapter 6. Project level planning ad-
dresses certain environmental issues that are required by law or policy
and addresses them on restricted scales (up to watershed scales in some
cases). The understanding of ecological effects is restricted in a similar
manner to scales from small to intermediate (see Chapter 3). Almost no
studies of ecological effects at the national scale were found in the litera-
ture, nor were national-scale data sets. Regional and state planning ad-
dresses such issues as economics and population growth but rarely ad-
dresses ecological concerns. Hence, most of the ongoing road assess-
ment and planning ignores ecological structures and processes that occur
at broad scales. Transportation-related issues at the national scale are
addressed by many groups, such as the Federal Highway Administration,
the American Association of State Highway and Transportation Offi-
cials, the surface transportation policy project, and nongovernmental or-
ganizations (NGOs), with few, if any, intersections with national-scale
ecological issues (for example, global change, biodiversity loss, and ex-
otic pest biota). At smaller scales (regions to municipalities), more eco-
logical knowledge becomes integrated. This situation suggests that a
better integration of transportation and ecology is needed across a wide
range of scales.

Deciding on an appropriate scale for assessment and management
of road effects on ecological systems is problematic. Bounds are estab-
lished to analyze road effects. No matter where those bounds are set,
structures and processes at larger and smaller scales must be considered.
There are few opportunities in the current system (from planning through
project implementation) where these two scales are addressed. The key
question for each assessment and monitoring effort is determining the
spatial and temporal scale of interest.

Assessment and planning should be redesigned to fill these gaps in
scale. A multiscale approach will be required. Models and data sets
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should be developed at different scales. Ecological effects occur over
wide scales and cannot be addressed solely by scaling up or down on the
basis of existing information or models. Experience suggests that multi-
ple models should be developed to deal with the cross-scale dynamics of
these systems (Holling 1978, Walters 1986).

INTEGRATING ECOLOGICAL CONCERNS
AND SOCIAL OBJECTIVES

The issues that arise in road planning, development, construction,
and use are complex. One source of complexity is from the many com-
peting ideas and agendas that exist among various people, groups, and
agencies involved in these processes. These groups include governmen-
tal agencies at state, local, or federal levels, private consultants and ex-
perts, NGOs, academics, interested individuals, and the public. Recogni-
tion of the sources and nature of these perspectives can help in develop-
ing strategies to confront complexity while meeting goals of integration
and streamlining. A set of processes needs to be developed to manage
these complexities.

The technical contributors from the list above (those concerned
with understanding and evaluating environmental effects of roads and
applying that understanding) are all trained in an academic discipline. A
source of integration complexities arises from differences among many
disciplines that underlie their practices. For example, conservationists’
ideas are rooted in understanding of ecology or biology; road engineers
in mathematics and physics; planners in geography or architecture. The
differences in paradigms, theories, methods, and practices among disci-
plines provide large gaps and problems in methods, approaches, and lan-
guage. For example, ecologists or engineers can be very good at under-
standing and evaluating environmental effects but could be better trained
at communicating to a wider audience or trained in alternative models of
the realities of human behavior, organizational structures, and institu-
tional arrangements. Another such example is when engineers or man-
agers assume that the uncertainty of nature can be replaced by human
attempts to control and stabilize ecological systems. It is not that these
approaches are wrong but that they are partial and require more discipli-
nary integration (Gunderson and Holling 2002) and perhaps more broad-
ened, cross-disciplinary training.
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Another type of complexity occurs when a diverse set of social val-
ues held by a myriad of groups intersect. Road planning and design en-
gage governmental agencies, conservationists, and other stakeholder
groups. Federal agencies—such as the U.S. Fish and Wildlife Service,
which has responsibilities under the Endangered Species Act and the
U.S. Environmental Protection Agency (EPA) and the U.S. Army Corps
of Engineers (Corps), which are charged with protecting wetlands—have
specific mandates that are not overlapping and can come into conflict
with other governmental objectives. Many states have similar agencies
that are also engaged. NGOs and even sovereign entities (Native Ameri-
can tribes) are becoming more involved in lobbying, planning, design,
and management of roads (for example, the Nature Conservancy and the
California Department of Transportation). Current efforts of assessment
and planning, reviewed in Chapter 6, describe how various groups are
engaged. Yet difficulties persist and protract the planning and design
process because of the number and types of agencies and stakeholders
involved.

In addition to the number and types of competing interests, another
obstacle to integration is the ways in which the groups interact and re-
solve differences so that actions can be taken. Differences can be re-
solved in a variety of ways, from discussions at workshops or public
meetings to formal dispute resolution or lawsuits.

The set of laws and bureaucratic structures developed to implement
policy appears to generate partial solutions to a myriad of problems faced
in integrating environmental concerns into all elements of road design,
construction, or management. Moreover, legal and bureaucratic frame-
works are set up in a way that defaults first to administrative processes
and second to legal institutions to resolve conflicts. In these approaches,
integration of environmental concerns with other issues can be, but is not
always, achieved. Often, this deficiency occurs because of a lack of un-
derstanding about the natural systems or because of unrealistic expecta-
tions about how natural systems behave. Sometimes, partial solutions
generate new ecological problems. For some controversial projects,
there is a clear understanding about the natural systems that will be af-
fected by a transportation project, but existing institutions do not provide
a way to address the concern, so project opponents must select from a
small number of mandatory requirements, such as clean air conformity,
for their concerns to be addressed. Hence, what appears to be needed is a
new type of institutional arrangement or structure that is based on an un-
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derstanding of the integrated nature of the social and ecological compo-
nents of road ecology (such as step 1 in the committee’s proposed as-
sessment framework [see Figure 6-3]).

TOWARD INTEGRATIVE SOLUTIONS

In this section, the committee presents some proposals for better in-
tegration of ecological concerns with all phases of road activity from
planning through management. Previous authors (Forman et al. 2003,
White and Emst 2003) argue for more attention to ecological objectives
and better integration of ecological and social objectives. Other authors
(TRB 2002b) suggest that transportation agencies become environmental
stewards and address ecological issues earlier in the planning process
through improved coordination, communication, and education among
the agencies. The committee suggests that integration of environmental
concerns with other social objectives may be facilitated in three areas:
(1) developing new institutions and institutional arrangements, (2) devel-
oping new tools and methods, and (3) developing adaptive management.
Each area is discussed in the subsequent sections.

New Institutions and Arrangements

The committee’s review and others (TRB 2002b) suggest that
transportation agencies continue to expand their roles as environmental
coordinators and stewards. This expansion can be viewed as filling “in-
stitutional gaps.” Institutions are defined in this context as the set of
norms and rules that people use to organize activities (Ostrom 1990).
Institutional gaps occur when new problems arise that existing agency
mandates do not address or when agencies recognize the need to interact
in new ways with other agencies or stakeholders.

Expanding the existing mandate and tasks of transportation agen-
cies toward environmental stewardship (Executive Order 13274, Sep-
tember 2002) has begun. It is a bureaucratic solution, the assumption
being that governmental agencies can and will evolve and adapt to the
new duties. There are a number of obstacles in attempting these changes,
and the history of such attempts indicates mixed success. Recent at-
tempts to reform agencies at the state level (such as water management
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districts in Florida) suggest that it is a long and difficult process (Light et
al. 1995). The Corps attempted a similar reformation (Shallat 1994).

Another solution to the institutional gap is the creation of new insti-
tutions referred to as meshing organizations (Haas 1990), which would
provide bridges among agencies and stakeholders that have existing rela-
tionships. These organizations may be formal or informal. One example
of a formal arrangement is the tripartite model set up to manage resource
issues in the Grand Canyon. Arising from an National Research Council
(NRC) report (1996), three groups (the Grand Canyon Research and
Monitoring Center, the Adaptive Management Work Group, and external
review groups) meshed together to form the Adaptive Management Pro-
gram. Forming a meshing group is one way to integrate technical and
social concerns.

Other institutional forms exist. They include a type of ombudsman,
in which the authority to resolve and reconcile technical and social issues
is given to one individual. A modification of that approach could create
a panel or council to resolve issues as they arise in the planning and as-
sessment process. Dispute resolution mechanisms could also be consid-
ered to fill institutional gaps.

These types of institutions do not replace legal or scientific institu-
tions that are in use. The new institutional forms are useful in sorting
through assessments that do not require the rigor of a scientific approach
to generate actions or plausible sets of actions. They also can be effec-
tive at reconciling or working around worldviews or mental models,
which are often unspoken constructs that influence the way that envi-
ronmental effects are perceived and managed. For example, the world-
view of a real estate developer who works in downtown Atlanta might be
very different from that of a conservationist who works to preserve bio-
diversity. There is a tension between the environmentally “negative”
effects of road construction and use and the socially or economically
“positive” effects of roads. Forums are needed for expression of many per-
spectives, so that differences can be recognized and resolutions negotiated.

Other institutional configurations, such as free markets, or some
versions of cost-benefit approaches exist but are unlikely to resolve the
complexities outlined above. Much work over the past decade or so in
the field of ecological economics has attempted to quantify the value of
ecosystem goods and services. Daly (1996), Costanza et al. (1997),
Odum (1996), and others have created a variety of methods to place dol-
lar values on the natural capital of ecosystems. Their work has undoubt-
edly created scholarly discourse and exposed the importance of the eco-
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system goods and services that underpin but are ignored by economic
institutions. Yet, few working examples that demonstrate the utility of
an environmental cost-benefit approach to decision making about the
environment are persuasive.

One or all of these proposals for new or alternative institutional ar-
rangements could be attempted. In the wide array of governments and
stakeholders across the United States, many (and even other new) com-
binations could be tested. In establishing these institutions, design prin-
ciples developed by Ostrom (1990), who has studied international coop-
erative institutions that are organized and governed by the users of com-
mon-pool resources (for example, fisheries, groundwater basins, and irri-
gation systems) can be applied. The author’s principles include clearly
defined boundaries, provision and appropriation rules, collective choice
rules, monitoring, gradual sanctioning, conflict resolution mechanisms,
external recognition, and layers of nested enterprise. Her principles are
useful guidelines for the design of new institutions that promote success-
ful cooperation and achievement of social goals.

New Tools and Methods
Technological Developments

Advances in methods and technology for establishing and manag-
ing roads have reduced and will continue to reduce some of the ecologi-
cal effects of roads. For example, wildlife underpasses can successfully
retain the connection among populations of animals even when a road
bisects their territory. Agencies such as the Natural Resource Conserva-
tion Service now supports nurseries in 18 locales for growing seed of
native plants, which can thrive in the stressful roadside conditions. Even
so, entire regions do not have such native plant nurseries and still heavily
use a mix of largely European plants, which have been planted along
roads for decades. Other developments have attempted to improve envi-
ronmental benefits associated with roads:

e Innovations in building materials (for example, porous pave-
ment), design strategies (for example, for bridges and culverts), and
stormwater strategies are being developed and implemented to mitigate
environmental impacts of roads.
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) Since 1970, 44 states and Puerto Rico have constructed over
1,600 miles of noise barriers.

e  Highway developers are among the largest recyclers in Amer-
ica through remilling pavements, using fly ash in concrete, and using
crumb rubber as a component of road surfaces.

. Over the past 11 years, $4.9 billion in enhancement projects,
such as bike paths and the preservation of historic bridges and train sta-
tions, has been spent in more than 14,000 communities (AASHTO
2002a).

Environmental effects of roads are greatly influenced by the sur-
rounding socioeconomic conditions. Socioeconomic constraints and op-
portunities are often expressed in the use and management of roadsides.
As an example of land-use constraints, roads in U.S. agricultural areas
zigzag around fields. As human populations grow and change in distri-
bution and movement patterns, roads are no longer designed to avoid
fields and become linear features on the landscape. Furthermore, antici-
pated climate changes are likely to affect where people want to travel and
where roads can be built (for example, seaside roads may be under water
because of rising sea levels).

Technological change might alter the effects of roads on the envi-
ronment. For example, air conditioning has changed where people want
to live, and the Southeast and Southwest regions of the United States
have grown rapidly. Telecommuting can reduce traffic volume. Al-
though hydrogen-based fuels introduce new environmental problems,
they would also reduce water, air, and noise pollution (Ludwig et al.
1993). Hence, changes in knowledge can affect how environmental ef-
fects, as well as steps taken to mitigate them, are viewed.

Several sites in the city of Seattle, Washington, provide examples
of environmental improvements that can be implemented:

° The overpasses on Mercer Island, known as the 1-90 LIDS,
are noted for their attractive dense vegetation.

e  Freeway Park in downtown Seattle was designed to provide a
bridge over Interstate 5 and connect adjoining neighborhoods (Wright
1989). Its waterfall masks traffic noise, and the gorge provides a quiet
escape from city life. Using shallow-rooted trees and plants resistant to
air pollution ensured the success of the park.

. Street edge alternatives (SEA) is a street design that uses spe-
cial grading, soils, plants, and layout combined with traditional drainage
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infrastructure to reduce traffic flow and water runoff in one block of a
city neighborhood. The aesthetic benefits of this design increased prop-
erty values, but it is unclear whether the increase makes up for the high
cost of implementing a SEA.

For the most part, however, Seattle is a typical large city with all
the environmental problems that accompany roads. The commitment to
improved roadsides in spot locations probably arises from an interest in
the environment being aesthetically appealing and in the federal listing of
salmon as an endangered species; the effects of runoff on fish are a major
environmental concern.

New Conceptual Approaches

Roads can be envisioned as a network because they form a set of
interconnections. One of the origins of the mathematical theory of net-
works deals with the transportation problem of moving goods and ser-
vices across roads. Solutions to that and other optimization problems
resulted in a body of knowledge on how goods can most efficiently move
across interconnections. The recent application of these ideas to road
systems has led to the formation of basic principles for interpreting how
road networks fit into an ecological landscape (Forman et al. 2003):

e  The arrangement of land uses around roads determines the
structure of the road network.

e  Network arrangement and traffic flow affect the delivery of
good and services.

e  The ecological landscape in which road networks are set can
be influenced by road density, network structure, traffic flow, and pat-
terns of the ecological systems in the landscape.

e  The landscape patterns around a road network can have in-
tended and unintended effects on roads and traffic. The design of the
road network can be made ecologically sensitive.

Although the first two factors have been the focus of most road de-
sign, the last two factors call for consideration of the unintended ecologi-
cal effects of roads.

The spatial attributes of the road network include the number and
layout of roads. Road size is important because it affects traffic flow and
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road footprint (surface space). Road density (the lane length of roads per
unit area of land) is perhaps the simplest measure of road structure.
Road density can influence such diverse ecological features as how far
large animals move across the landscape (van Dyke et al. 1986, Mech et
al. 1988) and how fast water moves into streams (Jones and Grant 1996).
Hence, attributes of road networks can serve as a means to quantify the
human impact on the environment.

Adaptive Management

This report and others (Forman et al. 2003) suggest that although
much has been learned about the interactions between roads and ecosys-
tems, much more is required. In addition to peer-reviewed published
studies from academic and technical centers and summaries and synthe-
ses by professional road groups, the committee recommends the devel-
opment of other learning methods—that is, some retrospective analysis
to evaluate efficacy of actions taken to avoid or mitigate ecological ef-
fects. In a sense, the approaches being applied are not solutions but
rather best guesses at solutions. For example, when over- or underpasses
are constructed for animal migration, there may be uncertainty about
animal use, what kinds of animals will use or avoid them, and unex-
pected results (such as increased predation risks). Often, solutions ap-
plied in particular projects are, in effect, pilot projects to see whether and
how a problem can be addressed. As noted elsewhere in the report, there
is insufficient monitoring, follow-up, and reevaluation, the result being
that the opportunity to learn from experience is lessened. Learning op-
portunities are also available from the management activities that are
done throughout the country (see Chapter 4).

To evaluate construction or management actions, new sets of data,
types of institutions, and ways of evaluating actions need to be devel-
oped. The need for a robust set of ecological indicators is central to this
activity.

Examining Ecological Indicators
Ecological indicators are meant to quantify the magnitude of stress,

degree of exposure to stresses, and degree of ecological response to ex-
posures (Hunsaker and Carpenter 1990, Suter 1993). They provide a
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simple and efficient method to examine the ecological composition,
structure, and functioning of complex ecological systems (Karr 1981).
Several ecological indicators have been proposed to measure or monitor
ecological effects, and some of these indicators are applicable to road
effects. Reports of the NRC (2000b), the Heinz Center (2002), and EPA
(2003¢) focus on indicators at the national level. The EPA framework
(EPA/SAB 2002) builds on the Heinz Center report to form a checklist of
factors to be considered for measurement. The journal Ecological Indi-
cators and many scientific papers mark the growth of this field. Ecologi-
cal Indicators for the Nation (NRC 2000b) evaluates indicators meant to
track such factors as how land is used and the status of wildlife and other
natural resources at a national level. These measures are meant to iden-
tify potential national environmental problems and evaluate the effec-
tiveness of protective regulations and policies. The recommended indi-
cators fall into three categories:

e  Ecosystem status. Indicators include the types and extent of
the nation's major land cover, such as wetlands, forests, and deserts.

e  Ecological capital. The capacity of an ecological system to
maintain itself as determined by such indicators as total species, native
species diversity, nutrient runoff, and soil quality.

e  Ecosystem productivity. Ecological indicators of a system’s
ability to produce oxygen and capture and store energy to support life
include production capacity, carbon storage, and oxygen content in riv-
ers, streams, and coastal areas.

The NRC (2000b) report calls for indicators to be credible, under-
standable, quantifiable, and broadly applicable (including roads). The
data upon which the indicators depend should be clear and objective.
The Heinz Center (2002) report presents a plan for regular reporting on
the condition and use of the nation’s lands, waters, and living resources.
It identifies indicators for the nation’s ecological systems, provides in-
formation on current conditions and past trends, and illustrates the many
gaps in current data on key characteristics of ecological systems at the
national level. Among these indicators are physical and chemical condi-
tions (for example, nitrogen and phosphorus storages), changes in land
use (for example, aerial extent of forests and grasslands), and listing and
extent of nonnative plants and animals. The EPA (2003c¢) report on the
environment focuses on how human activities affect human health and
the environment at the national level. It quantifies trends in five areas:
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e  Human health. Changes in diseases, human exposure to en-
vironmental pollutants, and diseases that might be related to environ-
mental pollution.

e  Ecological condition. A perspective of natural resources,
stressors on those resources, and potential for future sustainability.

. Clean air. Effects of indoor and outdoor air quality on hu-
man health and ecological systems.

° Pure water. Drinking water, use of recreational water, and
condition of water resources and the living systems that they sustain.

e  Better protected land. Land use and activities that affect the
condition of the landscape, including agricultural practices, pest man-
agement, waste management, emergency response and preparedness, and
recycling.

In summary, these three reports form a body of work on indicators
at the national level that can be used to guide understanding of how best
to measure ecological effects of roads at the scale of the entire United
States. However, many of the effects of roads occur on local or interme-
diate scales. The use of ecological indicators relies on the assumption
that the presence or absence of these indicators reflects changes occur-
ring at various levels in the ecological hierarchy, from genes to species
and ultimately to entire regions and the nation (Noon et al. 1999). The
ecological system must be viewed as a moving target (Walters and Holl-
ing 1990), the system variables changing slowly and not stabilizing for a
long period of time.

The EPA/SAB (2002) Framework for Assessing and Reporting on
Ecological Condition provides a checklist that can be used to determine
whether key ecological attributes are being considered at any scale of
measure. It also provides a scheme for organizing the hundreds of pro-
posed indicators. The major thematic areas of the framework are land-
scape condition, biotic condition, chemical and physical characteristics,
ecological processes, hydrology and geomorphology, and disturbance
regimes. Because these themes are independent of spatial scale, they
formed the basis for the approach adopted in this report.

Several concerns constrain the use of ecological indicators as a re-
source management tool (Landres et al. 1988, Kelly and Harwell 1990,
Noss 1990, Kremen 1992, Cairns et al. 1993, Mills et al. 1993, Noss and
Cooperrider 1994, Gurney et al. 1995, Simberloff 1997). Dale and Beye-
ler (2001) summarized these concerns in three categories:
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e  Monitoring programs often depend on a small number of indi-
cators and thus fail to consider the full complexity of the ecological system.

e  Choice of ecological indicators is often confounded in man-
agement programs that have vague long-term goals and objectives.

e  Management and monitoring programs often lack scientific
rigor because of their failure to use a defined protocol for identifying
ecological indicators.

Yet, selection of appropriate indicators is key to any planning,
monitoring, or management program. Identifying criteria for using indi-
cators for analyzing and addressing road effects on ecological systems
might be the best way to determine the indicators most appropriate for
roads effects. Cairns et al. (1993) pointed out that ecological indicators
can be used to assess the condition of the environment, to monitor trends
in condition over time, to provide an early warning signal of changes in
the environment, and to diagnose the cause of an environmental problem.
The purpose of using ecological indicators influences the choice of
which indicator is most appropriate (Slocombe 1998). Several criteria
should be used to evaluate indicators. These criteria are the significance
of ecological changes measured by indicators, the basis of the ecological
understanding of indicators, the reliability of indicators, the quality of the
indicator data, and the costs and benefits (NRC 2000b). Criteria listed
for indicators are drawn from Dale and Beyeler (2001):

e  The indicator is easily measured. “The indicator should be
straightforward and relatively inexpensive to measure. The metric needs
to be easy to understand, simple to apply, and provide information to
managers and policymakers that is relevant, scientifically sound, easily
documented and cost-effective.”

e  The indicator is sensitive to stresses on the system. “While
some indicators may respond to all dramatic changes in the system, the
most useful indicator is one that displays high sensitivity to a particular
and, perhaps, subtle stress, thereby serving as an early indicator of re-
duced system integrity.”

. The indicator responds to stress in a predictable manner.
“The indicator response should be unambiguous and predictable even if
the indicator responds to the stress by a gradual change.... Ideally there
is some threshold response level at which the observable response occurs
before the level of concern.”
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. The indicator is anticipatory (signifies an impending
change in the ecological system). “Change in the indicator should be
measurable before substantial change in ecological system integrity occurs.”

. The indicator predicts changes that can be averted by
management actions. “The value of the indicator depends on its rela-
tionship to possible changes in management actions.”

. The indicator has a known response to natural distur-
bances, anthropogenic stresses, and changes over time. “The indica-
tor should have a well-documented reaction to both natural disturbance
and to anthropogenic stresses in the system. This criterion would pertain
to conditions that have been extensively studied and have a clearly estab-
lished pattern of response.”

e  The indicator has low variability in response. “Indicators
that have a small range in response to particular stresses allow for
changes in the response value to be better distinguished from background
variability.”

e  The indicator is integrative. “The full suite of indicators
provides a measure of coverage of the key gradients across the ecological
systems (e.g., soils, vegetation types, temperature, etc.).”

Furthermore, information proposed to evaluate candidate indicators
(see Andreasen et al. 2001) might be useful in evaluating the suite se-
lected for a particular condition.

The spatial scale of the indicator affects both the availability of
relevant data and the interpretation. For example, the Heinz Center
(2002) report focuses on indicators at the national level and largely dem-
onstrates the absence of information at this scale. The committee’s
analysis of data on ecological effects of roads (see Table 3-2) also re-
veals the paucity of data at the national scale. However, local and re-
gional (or intermediate) scale information is more readily available and
more interpretable in terms of analyzing road effects. Therefore, the
committee recommends that projects designed to manage and monitor
road effects should include indicators specific to the scale and concerns
about the potential effects. After the goals and criteria for indictors for a
specific project have been identified, the EPA/SAB (2002) framework
can be used as a checklist to determine which indicators might be most
useful. Perhaps the initiation of a few pilot programs that cover a wide
range of spatial and temporal scales that engage relevant expertise on
indicators (such as the NRC or the Heinz Center) would be a way to im-
prove understanding of the development and application of key indica-
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tors, such as soil nutrient content, size of stream buffers, and distribution
of nonnative pest organisms (plants and animals).

To date, attributes of road networks are not often considered in lists
of ecological indicators, but road density and the spatial arrangement of
new roads or roads that are removed strongly influence the ecological
implications of road networks.

SUMMARY

In evaluating ecological effects of roads, two areas of integration
were identified. The first involves integration across scales and com-
plexities of ecological systems. The second involves integration across
multiple societal goals associated with roads.

Ecological systems cover wide ranges of spatial and temporal
scales. The cross-scale structure and dynamics are not always amenable
to simple scaling approaches and are the source of unexpected behavior.
Some road effects confine the scale of ecological effects, and other ef-
fects can increase or decrease the spatial or temporal extent of ecological
processes.

The complexity and cross-scale interactions in ecological systems
generate problems for assessment and planning. Multiple assessments
must be developed, each at different spatial and temporal scales to ad-
dress key ecosystem processes and structures. Ecological concerns
should be included early in the assessment and planning processes,
which are context sensitive. Some components of the environment are
incompatible with the existence of roads. Although great progress has
been made in understanding and mitigating road effects, much more is
needed. The development of a broader set of robust ecological indicators
and learning-based institutions will help to facilitate understanding of the
complexities in ecological systems.

Complexities that arise in the dynamics of social structures used to
assess, plan, construct, and manage road systems must be addressed.
Better integration of the social institutions will probably require the de-
velopment of new relationships among the existing institutions. Trans-
portation agencies have an opportunity to play a key role in meshing and
integrating planning and management of environmental issues. New
types of institutions are needed to address the mix of socioeconomic and
ecological concerns. Enhanced collaboration can be generated by new
kinds of rules and groups for interactions among agencies and stake-
holders.
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On the basis of its investigations and deliberations, the committee
reached the following conclusions and recommendations.

CONCLUSION: Most road projects today involve modifications
to existing roadways, and the planning, operation, and maintenance of
such projects often are opportunities for improving ecological conditions.
A growing body of information describes such practices for improving
aquatic and terrestrial habitats.

Recommendation: The many opportunities that arise for mitigat-
ing or reducing adverse environmental impacts in modifications and re-
pairs to existing roads should not be overlooked. Environmental consid-
erations should be included when plans are made to repair or modify
existing roads, as well as when plans are made to build new roads.

CONCLUSION: Planning boundaries for roads and assessing as-
sociated environmental effects are often based on socioeconomic consid-
erations, resulting in a mismatch between planning scales and spatial
scales at which ecological systems operate. In part, this mismatch results
because there are few legal incentives or disincentives to consider envi-
ronmental effects beyond political jurisdictions, and thus decision mak-
ing remains primarily local. The ecological effects of roads are typically
much larger than the road itself, and they often extend beyond regional
planning domains.

Scientific literature on ecological effects of roads generally ad-
dresses local-to-intermediate scales, and many of those effects are well

220
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documented. However, there are few integrative or large-scale studies.
Sometimes the appropriate spatial scale for ecological research is not
known in advance, and in that case, some ecological effects of roads may
go undetected if an inappropriate scale is chosen. Few studies have ad-
dressed the complex nature of the ecological effects of roads, and the
studies that have done so were often based on small sampling periods and
insufficient sampling of the range of variability in ecological systems.

Recommendation: Research on the ecological effects of roads
should be multiscale and designed with reference to ecological condi-
tions and appropriate levels of organization (such as genetics, species
and populations, communities, and ecological systems).

Recommendation: Additional research is needed on the long-term
and large-scale ecological effects of roads (such as watersheds, eco-
regions, and species’ ranges). Research should focus on increasing the
understanding of cross-scale interactions.

Recommendation: More opportunities should be created to inte-
grate research on road ecology into long-term ecological studies by us-
ing long-term ecological research sites and considering the need for new
ones.

Recommendation: Ecological assessments for transportation pro-
Jects should be conducted at different time scales to address impacts on
key ecological system processes and structures. A broader set of robust
ecological indicators should be developed to evaluate long-term and
broad-scale changes in ecological conditions.

CONCLUSION: The assessment of the cumulative impacts of
road construction and use is seldom adequate. Although many laws,
regulations, and policies require some consideration of ecological effects
of transportation activities, such as road construction, the legal structure
leaves substantial gaps in the requirements. Impacts on certain resources
are typically authorized through permits. Permitting programs usually
consider only direct impacts of road construction and use on a protected
resource, even though indirect or cumulative effects can be substantial
(for example, effects on food web components). The incremental effects
of many impacts over time could be significant to such resources as wet-
lands or wildlife.
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Recommendation: More attention should be devoted to predict-
ing, planning, monitoring, and assessing the cumulative impacts of
roads. In some cases, the appropriate spatial scale for the assessment
will cross state boundaries, and especially in those cases, collaboration
and cooperation among state agencies would be helpful.

CONCLUSION: The methods and data used for environmental
assessment are insufficient to meet the objectives of rapid assessment,
and there are no national standards for data collection. However, tools
for in situ monitoring, remotely sensed monitoring, data compilation,
analysis, and modeling are continually being improved, and because of
advances in computer technology, practitioners have quick access to the
tools. The new and improved tools now allow for substantial improve-
ments in environmental assessment.

Recommendation: [mprovements are needed in assessment meth-
ods and data, including spatially explicit models. A checklist addressing
potential impacts should be adapted that can be used for rapid assess-
ment. Such a checklist would focus attention on places and issues of
greatest concern. A national effort is needed to develop standards for
data collection. A set of rapid screening and assessment methods for
environmental impacts of transportation and a national ecological data-
base based on the geographic information system (GIS) and supported
by multiple agencies should be developed and maintained for ecological
effects assessment and ecological system management across all local,
state, and national transportation, regulatory, and resource agencies.
Standard GIS data on road networks (for example, TIGER) could be in-
terfaced with data models (for example, UNETRANS) to further advance
the assessment of ecological impacts of roads.

Recommendation: The committee recommends a new conceptual
framework for improving integration of ecological considerations into
transportation planning. A key element of this framework is the integra-
tion of ecological goals and performance indicators with transportation
goals and performance indicators.

Recommendation: [/mproved models and modeling approaches
should be developed not only to predict how roads will affect environ-
mental conditions but also to improve communication in the technical
community, to resolve alternative hypotheses, to highlight and evaluate
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data and environmental monitoring, and to provide guidance for future
environmental management.

CONCLUSION: With the exception of certain legally specified
ecological resources, such as endangered or threatened species and pro-
tected wetlands, there is no social or scientific consensus on which eco-
logical resources affected by roads should be given priority attention. In
addition, current planning assessments that focus on transportation needs
rarely integrate other land-management objectives in their assessments.

Recommendation: A process should be established to identify and
evaluate ecological assets that warrant greater protection. This process
would require consideration not only of the scientific questions but also
of the socioeconomic issues. The Federal Highway Administration
should consider amending its technical guidance, policies, and regula-
tions based on the results of such studies.

CONCLUSION: The state transportation project system offers the
opportunity to consider ecological concerns at early planning stages.
However, planning at spatial and temporal scales larger than those cur-
rently considered, generally does not address ecological concerns until
later in a project’s development.

Recommendation: FEnvironmental concerns should be integrated
into transportation planning early in the planning process, and larger
spatial scales and longer time horizons should be considered. Adding
these elements would help to streamline the planning process. Metro-
politan planning organizations and state departments of transportation
should conduct first-level screenings for potential environmental effects
before the development of a transportation improvement plan. Transpor-
tation planners should consider resource-management plans and other
agencies’ (such as the U.S. Corps of Engineers, U.S. Environmental Pro-
tection Agency, U.S. Fish and Wildlife Service, and National Park Ser-
vice) environmental plans and policies as part of the planning process.
Other agencies should incorporate transportation forecasting into re-
source planning.

CONCLUSION: Elements of the transportation system, including

the types of vehicles and their fuels, will continue to evolve. Changes in
traffic volume and road capacity, mostly through widening of roads
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rather than construction of new corridors, have smaller but nevertheless
important ecological effects compared with the creation of new, paved
roads.

Recommendation: Monitoring systems should be developed for
the evaluation and assessment of environmental effects resulting from
changes in the road system—for example, traffic volume, vehicle mix,
structure modifications, and network adjustments. Data from monitoring
could then be used to evaluate previous assessments and, over the long
term, improve understanding of ecological impacts.

CONCLUSION: Much useful information from research on the
ecological effects of roads is not widely available because it is not in the
peer-reviewed literature. For example, studies documenting the effects
of roads on stream sedimentation have been reported in documents of
state departments of transportation, the U.S. Army Corps of Engineers,
and the World Bank. Although much of this literature is available
through bibliographic databases, it is not included in scientific abstract-
ing services and may not be accessible to a broader research community.
Also, the data needed to evaluate regulatory programs are not easily ac-
cessible or amenable to synthesis. The data are typically contained in
project-specific environmental impact statements, environmental assess-
ments, records of decision, or permits (for example, wetlands permits),
which are not easily available to the scientific community.

Recommendation: Studies on ecological effects of roads should
be made more accessible through scientific abstracting services or
through publication in peer-reviewed venues. The Federal Highway
Administration, in partnership with state and federal resource-
management agencies, should develop environmental information and
decision-support systems to make ecological information available in
searchable databases.

CONCLUSION: Transportation agencies have been attempting to
fill an institutional gap in ecological protection created by the multiple
social and environmental issues that must be addressed at all phases of
road development. The gaps often occur when problems arise that are
not covered by agency mandates or when agencies need to interact with
other organizations in new ways. Even when transportation agencies
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work toward environmental stewardship, they cannot always do the job
alone.

Recommendation: Transportation agencies should continue to
expand beyond their historical roles as planners and engineers, increas-
ing their roles as environmental coordinators and stewards. Transporta-
tion planners and natural-resource planners should collaborate to pro-
mote integrated planning at comparable scope and scale so that the ef-
forts can support mutual objectives. This collaboration should include
federal, state, and county resource-management agencies; nongovern-
mental organizations, and organizations and firms involved in road con-
struction. Incentives, such as funding and technical support, should be
provided to help planning agencies, resource agencies, nongovernmental
groups, and the public to understand ecological structure and function-
ing across jurisdictions and to interact cooperatively.
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fects of landscape structure on abundance, distribution, and persistence
of organisms. Dr. Fahrig uses spatial simulation modeling to formulate
predictions and test these predictions using a range of different organ-
isms. She has been a member of the Carleton University faculty since
July 1991.
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Kingsley Haynes is university professor and dean of the School of Pub-
lic Policy at George Mason University. He earned a B.A. in history, ge-
ography, and political science from Western Michigan University, M.A.
in geography from Rutgers University, and Ph.D. in geography and envi-
ronmental engineering from the Johns Hopkins University. His areas of
expertise include resource and environmental management, urban and
regional economic development, economic geography, regional science,
social systems modeling, policy analysis and governmental affairs. He
has served as professor and director of the Regional Economic Develop-
ment Institute, School of Public and Environmental Affairs at Indiana
University, professor of public affairs and geography at the LBJ School
of the University of Texas at Austin, and chair of the Department of Ge-
ography at Boston University. Dr. Haynes has been involved in regional
economic development, natural resource management, transportation and
environmental planning in Montana’s Yellowstone Basin, in the Lake
Michigan and Ohio River regions of Indiana, in the Texas coastal zone
and internationally in Brazil, Malaysia, Taiwan, and the Middle East.
Using mathematical programming techniques for evaluating resource
utilization and economic simulation for community water supply alterna-
tives, he has been active in state resource assessment in Texas, Indiana,
and Massachusetts. He also directed the Ford Foundation's Office of Re-
sources and Environment.

Wayne W. Kober is president of Wayne W. Kober, Inc. He earned a
B.S. in environmental resource management from Pennsylvania State
University (1973). He has over 30 years of multimodal transportation
and environmental management experience for the public and private
sectors. He is nationally recognized as an innovative leader in the field of
transportation project development and environmental management. His
broad span of experience at successfully integrating environmental
analysis, agency and public involvement, and context-sensitive design
aspects into a systematic decision-making process has enabled him to
play a prominent role in advancing multimodal transportation improve-
ment programs across the country. He led the development of the envi-
ronmental streamlining and stewardship legislation, policies and prac-
tices at the mid-Atlantic state and national levels. From an ecological
perspective, he was instrumental in the development and deployment of
the Pennsylvania modified habitat evaluation procedure (PAMHEP) used
to assess highway wildlife habitat impacts for over an 18-year period on
every major transportation project in Pennsylvania, as well as the devel-
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opment and implementation of the Pennsylvania Department of Trans-
portation’s wetland and upland mitigation policies and programs. He
contributed to the book Road Ecology—Science and Solutions. He is in
private practice and currently serves as a senior transportation and envi-
ronmental management technical expert for the American Association of
State Highway and Transportation Officials.

Stephen Lester is vice president of Urban Engineers, Inc. He earned a
Bachelors of Civil Engineering (1965) and Masters of Civil Engineering
(1969) from Villanova University. Mr. Lester brought 30 years of ex-
perience to the position of vice president of engineering and quality ser-
vices for Urban Engineers, Inc. when he retired from the position of dis-
trict engineer for the Pennsylvania Department of Transportation (Penn-
DOT). As district engineer, he oversaw the highway and bridge designs,
construction and maintenance programs for PennDOT’s most populous
district. He supervised over 1,000 employees within a five-county area,
which included more than 3,900 miles of state highways and 2,600 state-
owned bridges. Mr. Lester had previously served as assistant district en-
gineer for maintenance, district traffic engineer, and assistant district lo-
cations engineer.

Kent Redford is vice president of the Wildlife Conservation Society. He
earned a Ph.D. in biology from Harvard University (1987). His research
interests range from mammalian biology to traditional peoples and bio-
diversity conservation. His earlier work concentrated on South American
mammals with emphasis on anteaters and armadillos and zoogeographic
patterns. He is also interested in the study of subsistence hunting and the
impacts it has on the conservation of game species in particular and on
biodiversity in general. Dr. Redford's work has been expanded to include
the role of parks in protecting biodiversity and the relationships between
traditional peoples, resource harvesting, and biodiversity conservation.

Margaret Strand is an attorney with Venable, LLP. She earned a B.A.
in history from the University of Rochester, M.A. in history from the
University of Rhode Island, and J.D. from Marshall Wythe School of
Law at the College of William and Mary. Her areas of expertise include
environmental policy and wetlands regulation and enforcement. She ad-
vises clients on environmental compliance and conducts environmental
litigation, focusing on EPA-administered regulatory programs. Before
entering private practice, Ms. Strand was chief of the Environmental De-
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fense Section of the U.S. Department of Justice, where she was involved
in environmental policy issues, including wetlands regulation and en-
forcement. Ms. Strand is chair of the Wetlands and Water Quality Com-
mittee of the American Bar Association Section of Environment, Energy
and Resources Law.

Paul Wagner is biology program manager at the Washington Depart-
ment of Transportation. He earned a B.S. from Juniata College (1986).
He has served on a number of review panels, including a National Coop-
erative Highway Research Program synthesis study of ecology and
transportation issues. Mr. Wagner participated in a technical oversight
committee that developed a set of ecological models and methodologies
for wetland functions assessment for Washington based on the hydro-
geomorphic method concepts.

J.M. Yowell (retired) was state highway engineer at the Kentucky
Transportation Cabinet. He earned a B.S. in civil engineering from the
University of Kentucky (1959). Mr. Yowell has 45 years of experience in
the transportation industry and has held such positions as project man-
ager for an engineering and construction firm and vice-president for mul-
timillion dollar construction firms. He has served on a number of advi-
sory boards including the Advisory Board of Kentucky Transportation
Center at the University of Kentucky, Industry Advisory Board of Civil
Engineering Department.
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Spatial Scale of Road Effects
on Ecological Conditions:
Annotated Bibliography

Laurie Carr
TerraSystems Research

MAY 2003

INTRODUCTION

The following is an annotated bibliography of road effects on eco-
logical conditions, with a special emphasis on spatial scale. Only studies
that directly measured the effect of roads on the surrounding environ-
ment were included. References were organized into two main catego-
ries, abiotic and biotic consequences. Within abiotic consequences, the
effects of roads on hydrology, geomorphology, natural disturbances, and
the effects of road chemicals on ecosystems are included. The biotic
consequences category is further divided into three subcategories, ge-
netic consequences, plant and wildlife population consequences and eco-
system consequences. Within each subcategory the effects of roads on
structure, function and composition are included.

Every aspect of roads has some interaction with the surrounding
environment, from road construction to maintenance. However, this list
focuses on the effects generated from the presence and use of the road
itself. With the exception of culverts, the impacts of road structures such
as bridges or roadside lamps are not included. The reciprocal effects of
the environment on roads are also not included.

255
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For all ecological effects, references are organized by the scale of
the study. Three scales were used: single segment, intermediate—
political/ecological, and national. Single segment refers to studies that
examine the impacts of a single road on an ecosystem. In this case, sev-
eral roads may be involved in the study; however, the results do not ad-
dress the cumulative effects of these roads. For example, the effect of
road pollution on insect populations living adjacent to a road, or the bar-
rier effect of a road on a species' movement would be classified as “sin-
gle segment.” Intermediate scale studies examine the cumulative effect
of roads on a region. In other words, the combined effect of more than
one road determines the results of the study. For example, the effect of
several roads on one lake, range expansion by using roads as a dispersal
corridor, or genetic isolation of a population surrounded by more than
one road would be classified as intermediate. The boundary of a region
is either politically (e.g., state of Florida, national park) or ecologically
determined (e.g., a watershed, an animal’s home range). National scale
studies are very rare and they cover the effects of roads over an entire
country.

The format for the bibliography is as follows:

Sample Section
Summary of Ecological Effects

A paragraph is written here explaining the ecological effects for the
section. Ecological effects are italicized in paragraph.
Ecological effect:

a. Single segment
. Reference 1
. Reference 2
. Etc.

b. Intermediate—-political/ecological
. Reference 1
. Reference 2
. Etc.

c. National
° Reference 1
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) Reference 2
. Etc.

ABIOTIC CONSEQUENCES OF THE
ECOLOGICAL EFFECT OF ROADS

Hydrology and Geomorphology
Summary of Ecological Effects

Roads have an impervious surface that collects and reroutes pre-
cipitation along its length or along roadside ditches. The temporary addi-
tion of waterflows from the road network affects flooding, groundwater
supplies and channel morphology of stream networks. For logging roads
specifically, precipitation and vehicular use results in sediment produc-
tion. Sediment is carried into the watershed by wind or water and often
contains chemicals. Roads that transect waterbodies cause changes in
waterflows by restricting circulation. Roads can also become barriers to
surface drainage when they are elevated compared to the landscape.

Stream Networks

a. Single segment

e  Almost all streams and intermittent channels crossed by a
highway were channelized. Distance from 30 m to 400 m upslope and
from 30 m to 500 m downslope of the road. Wetland drainage effects
extended outward from the road for distances varying from 50 m to
500 m (Forman and Deblinger 2000).

b. Intermediate—political/ecological

e  When hard surface (road, buildings, parking areas) reaches
30-40% of the area about 30% of precipitation water becomes surface
runoff, at 80-90% more than 55% of water becomes runoff. As a result,
groundwater supplies may not be fully recharged, streams tend to de-
grade, and flooding often increases (Schueler 1995).

. Once hard-surface coverage exceeds 25%, streams in area
tend to be degraded, as characterized by unstable channel morphology,
polluted water, and highly altered or impoverished fish communities. In
Seattle (USA) region, a road density of 5 km/km® (8 mi/mi®) corre-
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sponded to a hard-surface cover of about 20% in the watershed. Hard-
surface model suggests stream networks are “impacted” at levels of hard
surface as low as 10% coverage. (Center for Watershed Protection
1998).

e  Results from a conceptual model of interactions between road
networks and stream networks show that road networks appear to affect
floods and debris flows, thus modifying disturbance patch dynamics in
stream and riparian networks in mountain landscapes (Jones et al. 2000).

e  Road effects on stream networks result in changes in water-
shed processes far removed from the site. Roads can increase drainage
density by increasing waterflow from an impervious surface, and divert-
ing subsurface water to surface and roadside ditches. This can result in
floods, and alter aquatic and riparian ecological conditions, including
fish populations in the lower parts of the stream systems (Eaglin and
Hubert 1993).

. Stormwater flows along roads or ditches often effectively cre-
ate new segments connected to the natural stream network. In a moun-
tain forestry case approximately 57% of the road network functioned as
an extension of the stream network, thereby increasing drainage density
by 21% to 50% (Wemple, et al. 1996).

e  Water from roadside ditches may be routed to streams, thus
effectively increasing the density of stream channels in a watershed. A
model predicted increases in the mean annual flood due to forest roads
ranged from 2.2% to 9.5% (La March and Lettenmaier 2001).

¢. National
° No citations

Sediment Production

a. Single segment

o Inventories of almost 500 km of forest roads in several catch-
ments indicate that untreated roads produced 1500 to 4700 m® of sedi-
ment per kilometer of road length (Madej 2001).

b. Intermediate—political/ecological

e  Lake Tahoe basin receives chemically laden sediment-bearing
road runoff from a highly disturbed, road-laced watershed. Erosion
along unpaved timber-harvesting roads caused by vehicular passage
leads to sediment transported by wind or water (Zeigler et al. 2001).
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e  The greatest accumulation of fine sediments in streambeds
was associated with logging road areas that exceeded 2.5% of the total
basin area. Total road lengths of 2.5 km/km® of watershed basin pro-
duced sediment > 4 times natural rate (Cedarholm et al. 1981)

e A study of a forest road network in the western Cascade
Range, Oregon found that debris slides from mobilized road fills were
the dominant process of sediment production from roads. Overall, this
study indicated that the nature of geomorphic processes influenced by
roads is strongly conditioned by road location and construction practices,
basin geology and storm characteristics (Wemple 2001).

c¢. National
) No citations

Changes in Waterflow

a. Single segment

e  Restricted tidal flow in salt marsh of northern Massachusetts
resulted in difference in salinity and hence vegetation of each side of cul-
verts. Invasion of freshwater common reed (Phragmites communis) oc-
curred in the side of low salinity (Massachusetts Executive Office of En-
vironmental Affairs 1995).

e A causeway bisecting the Great Salt Lake in Utah altered cir-
culation, resulting in changes in salt concentration between the two sides
of the lake (Loving et al. 2000).

e A major effect of permanent roads in the artic is the blockage
of surface drainage during spring snowmelt, thereby allowing water to
accumulate beside a road in the relatively flat terrain. This can result in
flooded areas or impoundments and sometimes road washouts (Walker et
al. 1987).

b. Intermediate—political/ecological

o  Four causeways transect an estuary of Florida's Tampa Bay.
This has altered circulation of the bay resulting in changes in contami-
nant and sediment transportation (Goodwin 1987).

c¢. National
° No citations
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Chemical Characteristics
Summary of Ecological Effects

Major sources of roadside pollution are vehicles, roads and bridges,
and dry and wet (dust and rain) atmospheric deposition. Less frequent
sources are accidental spills of oil, gasoline, and industrial chemicals.
The majority of roadside chemicals come from vehicles (83%), 22%
come from sanding and de-icing agents, 17% from roadbed and road sur-
face wear, and 13% from herbicide and pesticide use. These figures do
not include heavy metals and other chemicals that leach from bridges
into streams and other water bodies (Federal Highway Administration
1996, Kobringer 1984).

Vehicular chemical pollutants include mineral nutrients (e.g. nitro-
gen and phosphorus), heavy metals (e.g. zinc and lead) and organic com-
pounds (petroleum products). Of all the heavy metals, lead is the most
studied ecologically. Lead was removed from gasoline in the mid-80’s
in North America, and lead levels in plants and animals are now rela-
tively low (Forman, et al. 2003). The actual levels of heavy metals other
than lead (Cadmium, copper, zinc, nickel, mercury and chromium) along
roads, and their ecological effects remains poorly understood (Forman, et
al. 2003). De-icing salt (sodium chloride) is applied on roads for snow
and ice. Literature on the contamination of surface water and groundwa-
ter from road-salt is voluminous. Only a few examples are presented in
this table.

Mineral Nutrients

a. Single segment

e  The largest source of phosphorus entering Lake Chocorua in
New Hampshire was runoff from a multilane highway that passed near
the eastern shoreline (Schloss 2002).

. Chemical nitrogen (from vehicle exhaust) enrichment of road-
side soil favours few dominant flowering plants at the expense of more
sensitive conifers, ferns, mosses, fungi, algae, and lichens in heathlands.
This effect is higher along multilane highways compared to smaller roads
(Angold 1997).

e Nitrogen (nitrogen oxides from traffic) caused increased
growth in plant species in healthland communities in southern England.
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Consequently species composition changed. Effects were measured up
to 200 m (656 ft) from road (Angold 1992).

b. Intermediate—political/ecological
e  No citations

¢. National
° No citations

Heavy Metals

a. Single segment

e Increased levels of toxic heavy metals have been found up to
50 or 100 m (165 to 330 ft) of highways in the air, soil and plants (Minis-
try of Transport 1994b).

e  Manganese concentrations in the soil along interstate high-
ways in Utah are 100 times higher than historic levels. Roadside aquatic
plants were sensitive bio-indicators of manganese contamination (Lytle
et al. 1995).

. Some plants may have enhanced root growth as a result of soil
contamination from roadside dust carrying trace metals (Wong et al.
1984).

e  Combustion gases may cause reductions in species richness in
arthropods, some groups flourished in the environment polluted by com-
bustion gases. (Przybylski 1979).

e  Overall lead levels were low in insects but high in earth-
worms, especially near highways (Marino et al. 1992).

e  Early studies suggest that the abundance and diversity of in-
vertebrates do not decline with increasing amount of metal pollution in
roadside habitats (Muskett and Jones 1980).

e  Lead contamination of insects near a highway in Kansas was
more than 3 times level of those far from a road. Meadowlarks did not
follow this trend reflecting little exposure to lead contaminated insects
(Udevitz et al. 1980).

. Lead concentrations in little brown bats, short-tailed shrews,
and meadow voles adjacent to a highway are high enough to cause mor-
tality in domestic animals. (Clark 1979).

e Lead in roadside median strips of a highway was not consid-
ered a threat to adult ground-foraging songbirds (Grue et al. 1986).
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b. Intermediate—political/ecological
e  No citations

¢. National
° No citations

Organic

a. Single segment

e  Green treefrog (Hyla cinerea) tadpole growth and metamor-
phosis was negatively associated with presence of petroleum contamina-
tion of freshwater, such as would occur from runoff (Mahaney 1994).

b. Intermediate—political/ecological
e No citations

c. National
) No citations

De-icing Salt

a. Single segment

e  Road-salt (CaCl) on an unpaved forest road inhibited crossing
of the road by salamanders. (Demaynadier and Hunter 1995).

e  Survivorship of salamander species was lower in roadside
pools that were heavily contaminated by de-icing salts. (Turtle 2000).

e A highway that crosses the eastern portion of the Hubbard
Brook Valley watershed has increased sodium and chloride concentra-
tions in Mirror Lake (Likens et al. 1977).

e  The gradual build-up of salt in soil and lowered moisture con-
ditions can make it more difficult to maintain natural vegetation along
roads (Thompson and Rutter 1986).

. Chloride concentrations in streams downstream from a salted
highway were 31 times that upstream from the highway (Demers and
Richard 1990.).
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b. Intermediate—political/ecological

° De-icing salt used in the Rochester, New York, area dissolved
and entered Lake Ontario via storm water drainage. This caused in-
creased salinity of Irondequoit Bay to the extent that it prevented vertical
mixing of the bay water in spring (Bubeck et al. 1971).

e Road salting caused changes in salt concentration of a small
meromictic lake. This weakened the lake's meromictic (chemical-
dependent) stability and had implications for primary productivity of the
lake (Kjensmo 1997).

¢. National
° No citations

Natural Disturbance
Summary of Ecological Effects

Logging and mountain roads are susceptible for creating landslides
due to unstable soil, steep slopes and high road densities (Havlick 2002).
Roads can increase water discharge rates in a watershed increasing the
potential for landslides.

Landslides

a. Single segment
e No citations

b. Intermediate—political/ecological
e  Eighty-eight percent of landslides in Boise and Clearwater na-
tional forests in Idaho were road related. Most landslides on Idaho’s
South Fork of the Salmon River were also road related (Megahan 1980).
° After the 1964 flood in the Pacific Northwest, landslide fre-
quency due to forest roads was up to 30 times the rates in unmanaged
forested areas (Swanson and Dryness 1975).

c. National
. No citations
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GENETIC CONSEQUENCES OF THE
ECOLOGICAL EFFECT OF ROADS

Structure
Summary of Ecological Effects

Roads can act as a barrier to movement through road-kill and be-
havioralioural road avoidance. As barriers, roads subdivide continuous
populations and reduce gene flow between sub-populations. The result is
isolated and smaller populations. Genetic consequences for larger spe-
cies with smaller population sizes or for endangered species with low
dispersal abilities are thought to be greater (Gerlach and Musolf 2000)
but have not been investigated.

Barrier to Movement

a. Single segment

e A recent highway, at least 25 yrs old, was shown to have an
effect on the genetic sub-structuring of bank vole (Clethrionomys glareo-
lus) populations due to reduced gene flow. Small population size, a
country road, and a railway did not appear to affect genetic structure
(Gerlach and Musolf 2000).

b. Intermediate—-political/ecological

e  Common frog (Rana temporaria) population surrounded by
roads, a highway and a railway had reduced average amount of heterozy-
gosity (genetic variation) and genetic polymorphism (diversity of forms)
(Reh and Seitz 1990).
c¢.  National

e No citations

Function

Summary of Ecological Effects

Isolated populations have a lower chance of survival without the
demographic and genetic input of immigrants, and of recolonization after
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extinction (Lande 1988). Low gene flow in isolated populations has the
negative result of increased inbreeding (weak offspring) and decreased
fecundity therefore increasing the probability of extinction (Hartl et al.
1992 as cited in Gerlach and Musolf 2000). Little is known on the long-
term ecological effects of roads on mammalian speciation through isola-
tion (Baker 1998).

Isolated Populations

a.  Single segment
e  No citations

b. Intermediate—-political/ecological
e No citations

c¢. National
° No citations

Composition
Summary of Ecological Effects

Roads have a filtering effect, in that different species or segments of
a population may interact distinctively in relation to roads. This can re-
sult in natural selection of specific genes.

Filtering Effect

a. Single segment

e  Selection for early flowering and salt tolerance has developed
in populations of Anthoxanthum odoratum L., growing along a roadside
and in adjacent pastures, in less than 40 years (Kiang 1982).

e  Genetic immunity to car pollution has selected for micropopu-
lations of Tenebrionidae that have lived along roadsides for many gen-
erations. Beetle larvae that did not posses the immunity perished at in-
star I due to pollution exposure (Minoranskii and Kuzina 1984).
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b. Intermediate—-political/ecological
e  No citations

¢. National
° No citations

CONSEQUENCES OF THE ECOLOGICAL EFFECT OF
ROADS ON SPECIES AND POPULATIONS

Structure
Summary of Ecological Effects

Wildlife-road interactions (avoidance, mortality, use of roadside
habitats) may be regulated by the age or sex of the individual. Differ-
ences in mortality and use of the landscape can result in shifts in wildlife
population structure. No studies were found on plant population struc-
ture as influenced by roads.

Wildlife Population Structure

a. Single segment

e  Roadside territories are sinks for Florida scrub jays (4phelo-
coma coeulescens) populations. Vehicular mortality along a two-lane
highway was significantly higher for new immigrants, the rate dropped
after 3 years of living in a road territory. Fledglings also experienced
significantly higher mortality compared to adults (Mumme et al. 2000).

e  Road mortality is indicated in a shift in age structure toward
younger age classes for painted turtles (Chrysemys picta) populations. A
higher percentage of adult turtles were found farther from a segment of
Route 93 adjacent to the Ninepipe National Wildlife Refuge in Mission
Valley, Montana (Fowle 1990).

e  The four-lane, divided Trans-Canada Highway segment
within Banff National Park in Alberta, served as a complete barrier
against the movement of adult female bears (Ursus arctos) and as a par-
tial filter-barrier for adult males (Gibeau 2000).

e  Radio-tracking showed that female stoats inhabiting beech
forests avoided the road in study area but males preferred it (Murphy and
Dowding 1994).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/11535.html

ical Impacts of Paved Roads

Appendix B 267

b. Intermediate—-political/ecological
e  No citations

¢. National
° No citations

Function
Summary of Ecological Effects

Roads and roadside vegetation increase the diversity of habitats in
the landscape by providing additional habitat sources. Some species are
able to take advantage of the foraging and habitat opportunities presented
by roads. In some managed landscapes, roadsides have been left as ves-
tigial strips of original habitat. These vegetated strips, or road reserves,
become refuges for animal species that depend on natural communities
that have been reduced in the landscape. The benefits provided by roads
must however, be weighed against the increased probability of those spe-
cies incurring vehicular collisions or hunting. On the other hand, road-
sides and adjacent land have a reduced habitat quality for many species
due to disturbance from traffic presence and noise.

Roads and roadsides can contribute to the spread of wildlife and
plants by providing suitable habitat and a highly connected dispersal
corridor. While this connectivity has the potential to be a dispersal cor-
ridor for wildlife, there is little existing evidence for that function at the
population level (Forman et al. 2003).

Roads can also present as a complete or partial movement barrier to
wildlife, through behavioral avoidance or a high mortality rate. Species
that exhibit a behavioral avoidance of roads are less likely to incur mor-
tality. However they are vulnerable to a loss of landscape connectivity
especially if they have multiple resource needs or large territories. Road
avoidance also results in the alteration of habitat use such that the diszri-
bution of some species conforms to the presence of roads.

Additional Habitat
a. Single segment

e An extensive study along interstate highways in the U.S.
showed that grassland and several generalist small mammal species were
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more abundant on verge habitat than on adjacent habitat (Adams and
Geis 1983).

e In median strips, small mammal density tended to be highest
where unmowed grassy roadsides bordered wooded strips (Adams 1984).

e At six interchanges along Highway 417 in Ottawa, Canada,
the density of woodchucks (Marmota monax) per hectare exceeded any
density previously reported for this species in any habitat (Woodard
1990).

e  Road verges with hedges and tall grass provide habitat for
vole and mice species (Bellamy et al. 2000).

e  The abundance of the generalist Melomys cervinipes increased
near a rainforest road, while Rattus sp. decreased. Rattus sp. prefer un-
disturbed habitat (Goosem 2000).

e  White-tailed deer (Odocoileus virginianus) graze in road
rights-of-way in forested habitat (Carbaugh et al. 1975).

e  Raptors have higher use of roadsides compared to adjacent
habitat because of the greater availability of perch sites and wide road-
sides (Meunier et al. 2000).

e Roadside ditches act as additional vernal pool habitats for
aquatic invertebrates in the Central Valley of California (Koford 1993).

e  Road reserves provide habitat for uncommon native species
when juxtaposed in disturbed landscapes. Roadsides of one multilane
highway in the Netherlands were composed of 20% of uncommon spe-
cies. In this case, roadsides represented more suitable habitat then the
surrounding landscape (Ministry of Transport 2000, Sykora et al. 1993).

e  Numbers of nests and grassland passerine species increased
with roadside width along rural interstate (four-lane) and secondary
rights-of-way in central Illinois. Expansion of row-crop farming means
roadsides critical for sustaining birds that nest in edges and ecotones
(Warner 1992).

e  Species richness and abundance of habitat-sensitive butterflies
increased on roadsides restored to native prairie vegetation compared to
grassy and weedy roadsides (Ries et al. 2001).

b. Intermediate—-political/ecological

e  Raven (Corvus corax) numbers showed a positive relationship
with increasing number of linear rights-of-way which ran in parallel.
Possible reasons are increase in edge habitat and carrion along road
(Knight et al. 1995).
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c. National

e Asurvey of 212, 220 ha of roadside habitat in the U.K. found
that road verges provided habitat for a large portion of the native plants,
mammals, reptile and invertebrates. A number of nationally rare plant
species also depended on roadside habitats for survival. Verges were
mostly grassland (Way 1977).

Reduced Habitat Quality

a. Single segment

e A series of seminal papers that showed that of 43 species of
woodland breeding birds, 26 species (60%) showed reduced densities
near highways. Traffic noise explained the most variation in bird density
in relation to roads in a regression model. (Reijnen and Foppen 1994).
This effect also occurred for grassland birds (Reijnen et al. 1996), and is
more important in years with a low overall population size (Reijnen and
Foppen 1995).

e  High traffic volume had significant effects on presence and
breeding of grassland birds in roadsides in an outer suburban landscape
of Massachusetts. Lower traffic volumes had no effect (Forman et al.
2002).

e Dutch studies of four bird species in open grasslands found
the traffic disturbance effect on population density extended a further
distance next to a busy highway compared to a rural road (van der Zande
et al. 1980).

e  Dispersal of breeding male willow warblers (Phylloscopus
trochilus) was actively directed away from road, constituting an “escape”
from low quality roadside habitat (Foppen and Reijnen 1994).

e  Population density of the horned lark (Eremophila alpestris)
increased with distance from roads in an agricultural landscape (Clark
and Karr 1979).

e  Flocks of pink-footed geese (Anser brachyrhynchus) and
graylag geese (4. Anser) were not found within 100 m (328 ft) of the
nearest road. Geese also never visited fields with centers closer than 100
m from roads (Keller 1991).

e Ovenbird (Seiurus aurocapillus) territory size decreased with
distant from unpaved roads in a forested region in Vermont. Habitat
quality for ovenbirds may be lower within 150 m (492 ft) of roads, thus
requiring a larger area for foraging, and possibly reducing reproductive
success (Ortega and Capen 1999).
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e In northern Maine total population of breeding birds near a
highway was not significantly different than at a greater distance. How-
ever, the total population was less than half as equal area of forest habitat
and population densities were 79% of those in forest habitat (Ferris
1979).

e  Proximity of Florida scrub jay territories to paved road with
approximately 500-750 vehicles per day had no effect on nesting success
(Beatley 2000).

b. Intermediate—-political/ecological

e  Analysis of the total effect of The Netherlands’s most dense
network of main roads on ‘meadow birds’ shows a possible population
decrease of 16%. Population decrease was attributed to reduced habitat
quality and traffic noise in previous studies (Reijnen et al. 1997).

c¢. National
° No citations

Dispersal Corridor

a. Single segment

e  Roadside vole species (Microtus) that could not move through
villages and towns was able to expand its range 90 km (56 mi) along an
Illinois multilane highway with continuous vegetation (Getz et al. 1978).

e  Large mammals such as wolves and lynx have been noted fol-
lowing roads and trails that have little human travel (Thurber et al. 1994).

e Arthropods (carabid beetles and lycosid spiders) exhibited
longitudinal movements along a roadside and reduced crossing rates for
paved and gravel roads (Mader 1990, Vermeulen 1994).

b. Intermediate—-political/ecological

o Pocket gophers (Thomomys bottae) were able to extend their
range along roadside verges that provided suitable habitat (Huey 1941).

. Grassland plants use road and railway corridors for dispersal
(Tikka et al. 2001).

e  Ravens feeding on road-killed animals along roadsides move
through landscape (Knight and Kawashima 1993).

e Cane toads (Bufo marinus), an introduced species in Australia,
use roads as dispersal corridors, especially in dense vegetation. This be-
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havior allowed the toads to extend their range into otherwise inaccessible
areas (Seabrook and Dettmann 1996).

e In North Dakota, the harvester ant (Pogonomyrex occiden-
talis) has expanded its range several kilometers in 12 years, by moving
along roadsides (Demers 1993).

e  Study in Kakadu National Park, Australia suggests that tourist
vehicles were partly responsible for the spread of weed species in the
park (Lonsdale and Lane 1994).

e  Roadside ditches are a method of dispersal for water-resistant
seeds. An escaped ornamental, purple loosestrife (Lythrum salicaria)
has invaded roadsides in New York State and formed conspicuous
monocultures along ditches and culverts (Wilcox 1989).

c¢. National
° No citations

Movement Barrier

a. Single segment

. Small mammal crossing seems to be highly dependent of road
width. Small mammals were found to be reluctant to cross roads greater
than 20 m (66 ft) (Oxley et al. 1974, Richardson et al. 1997). This also
holds true for Rattus sp. on rainforest roads, but only during breeding
season (Goosem 2001). Road crossings by small ground mammals in
Australia were inversely related to road width (Barnett et al. 1978). In
Kansas, small road clearances less than 3 m (10 ft) have been shown to
effect small mammals such as voles and rats (Swihart and Slade 1984).

e  Restricted movements of small mammals across roads are
probably due to behavior rather than an inability to cross the road. A
forest road did not affect movement of yellow-necked mice (4dpodemus
flavicollis), but restricted that of bank voles (Clethrionomys glareolus)
(Bakowski and Kozakiewicz 1988). An experimental study showed ro-
dents in the Mojave Desert hesitate to cross roads even though they may
travel long distances. (Garland and Bradley 1984) Rodents would cross
highways in southwestern Texas when the habitats on opposing sides
were similar (Kozel and Fleharty 1979).

e In Ontario, movements of mice across a lightly traveled road
of 6-15 m (20-49 ft) wide had a probability of less than 10% compared to
movements in the adjacent habitats (Merriam et al. 1989).
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e  Mobility diagrams show significant isolation effects of roads
on populations of forest-dwelling mice (Apodemus flavicollis) and
carabid beetles, neither of which crossed highways or forest roads
(Mader 1984).

e  While a road inhibited movements of small rainforest mam-
mals, genetic isolation of populations separated by a road less than 12 m
wide is slight (Burnett 1992).

e  Mixed-species flocks use the vegetation along the edges of a
narrow, rarely used road through otherwise undisturbed Amazonian for-
est road, but because they are unwilling to cross the open area, the road
becomes a flock territory boundary (Develey and Stouffer 2001).

e Road crossings may act as barriers to fish migration. The
movement of fish through crossings was inversely proportional to the
water velocity (Warren and Pardew 1998).

e  Steep slopes and low roughness coefficients of culverts fre-
quently cause high water velocities that have prevented passage of Arctic
grayling, long-nose suckers, northern pike, salmon and trout (Derksen
1980, Kay and Lewis 1970, as cited in Belford and Gould 1989) (Belford
and Gould 1989).

e  Salamander abundance was 2.3 times higher at forest interior
vs. roadside sites. A large road was a partial barrier depending on type
of movement (natal dispersal, migratory, home-range) (Demaynadier and
Hunter 2000).

e  Road-forest edges significantly hindered amphibian move-
ments in a forest tract in southern Connecticut (Gibbs 1998).

e Arthropods (carabid beetles and lycosid spiders) exhibited
longitudinal movements along the roadside and reduced crossing rates
for paved and gravel roads (Mader et al. 1990).

e  Bumblebees (Cephalanthus occidentalis L.) showed high site
fidelity and only rarely crossed roads or railroads (Bhattacharya et al.
2003).

e  Mark-recapture study showed almost no land snails (4rianta
arbustorum) crossed road in central Sweden. Results suggest that snail
populations separated by paved roads with high traffic densities may be
isolated from each other. (Baur and Baur 1990).

b. Intermediate—-political/ecological

e  Caribou (Rangifer tarandus) density is inversely related to
road density. At 0.3 km/km? (0.5 mi/mi®), the population declined by
63%. At 0.9 km/km® (1.4 mi/mi®), it was 86% lower. Areas with over
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0.9 km/km® of road length have no cow-calf pairs, and maternal females
show a displacement of 4 km (2.5 mi) away from roads (Nellemann and
Cameron 1996). The greatest avoidance zone or effect-distance reported
is 5 km (3 mi) for caribou (Nellemann and Cameron 1998).

e  An increase in the number of roads and railways and traffic
volume has subdivided the original caribou population of Scandinavia
into 26 separate herds. Areas with 5 km (3 mi) of roads and power lines
are essentially avoided. Due to continued development the survival of
these populations is in doubt (Nellemanna et al. 2001).

e Cumulative effect of parallel linear developments may affect
movement of caribou. They were found to cross a road and a control
area with similar frequency, but when a pipeline ran parallel to a road,
crossing frequencies dropped significantly (Curatolo and Murphy 1986).

c¢. National
° No citations

Distribution

a. Single segment

e  Deer and elk avoid roads in winter ranges in Colorado, par-
ticularly areas within 200 m of a road (Rost and Bailey 1979).

. Grizzly and black bears (U. americanus) used habitat < 1 km
from a road or trail less than expected in the Cabinet Mountains, Mon-
tana (Kasworm and Manley 1990).

b. Intermediate—-political/ecological

. Data indicates an increased survival rate, a reduction in
movements, and home range size of Roosevelt elk (C. elaphus roose-
velti) during a period of limited vehicular access (Cole et al. 1997).

e Asroad density increases from 2 to 3 mi/mi* (1.2-1.9 km/km?)
to 5 to 6 mi/mi’ (3.1-3.7 km/km?), elk use of habitat declines by ap-
proximately 50% (Lyon 1983.).

e  Black bears shift the locations of their home ranges when
faced with increases in road densities in areas of previously lower road
densities. (Brody and Pelton 1989).

e Qrizzly bears in the Swan Mountains of Montana used habi-
tats with lower total road density and avoided buffer areas surrounding
roads having >10 vehicles per day (Mace et al. 1996).
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e  Road density explains the juxtaposition of home ranges and
distribution of bobcats (Felis rufus) in northern Wisconsin (Lovallo and
Anderson 1996).

c¢. National
) No citations

Composition
Summary of Ecological Effects

Plant species richness in roadsides depends on roadside manage-
ment (mowing, planting, amount of disturbance and pollution). Plant
communities change over time depending on the successional pattern
altered by roadside management. Wildlife behavior, road mortality and
reaction to pollutants determine wildlife species richness. Road mortal-
ity has a dual impact on regional populations through a direct loss of in-
dividuals and an indirect decrease in landscape connectivity. Experimen-
tation to separate these two effects has not been conducted and emphasis
of road mortality remains on the loss of individuals. Few studies com-
pare the amount of road mortality to other sources of mortality or popula-
tion size. This results in little being known on the population effects of
road mortality.

There is widespread concern over the invasion of non-native plants
in roadsides and adjacent landscapes. Roadsides can be ideal habitats
for non-native or exotic species. Increased light, soil disturbance, vari-
able soil moisture conditions and dispersal vectors (vehicles, connected
habitat) have resulted in an abundance of non-native species in our road-
sides. Non-natives are introduced into roadsides via intentional plantings to
reduce erosion, from travelers (human and animal) and escaped ornamentals.

Species Richness

a. Single segment

e  Wider, more open unpaved roads tended to produce steeper
declines in roadside abundance and richness of macroinvertebrate soil
fauna, and leaf-litter depth. Effects persisted up to 100 m into the
Cherokee National Forest, USA (Haskell 2000).
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e  Mowing twice a year, early and late in the growing season,
created highest plant diversity, in wide roadsides beside multilane high-
ways. Mowing once a year either early or late in the season or mowing
every other year early in the season resulted in fewer species. The lowest
diversity was found with no mowing (Ministry of Transport 1994a).

e  Based on sampling 50 km (31 miles) of roadsides in South Is-
land, New Zealand, total number of non-natives was not significantly
different from the road shoulder, to the outer roadside. However, native
species diversity increased over a gradient from inner to outer roadside
(Ullmann et al. 1998).

b. Intermediate—political/ecological

o  Significant effects of road density within 2 km (1 mi) of wet-
lands have been noted for wetland species richness of reptiles, amphibi-
ans, birds and plants (Findlay and Houlahan 1997). Although a subse-
quent study found herptile, vascular plants, and bird species richness in
wetlands was more accurately described by road density 30 to 40 years
ago (Findlay and Bourdages 2000).

e Only areas where road density is less than 0.72 km/km® (1.16
mi/mi’) seem to support vibrant populations of wolves (Canis lupus) in
Minnesota (Fuller 1989, Mech et al. 1988), Wisconsin (Mladenoff et al.
1999, Theil 1985), the western part of the Great Lakes region of the USA
(Mladenoff et al. 1995), and Ontario (Canada) (Jensen et al. 1986). An
exception to the trend is an established wolf population in a fragmented
area of Minnesota with a road density of 1.42 km/km® (2.29 mi/mi’)
(Merrill 2000).

e  Paved and unpaved roads and power line rights-of way were
examined for their effects on the relative abundance and community
composition of forest-nesting birds in southern New Jersey. At a land-
scape scale, small reductions in forest area because of corridors may be
cumulatively significant for forest-interior birds (Rich et al. 1994).

c. National

e  No citations
Road Mortality
a. Single segment

e  Results suggest roads and traffic are likely to reduce hedgehog
density by about 30%, which may affect the survival probability of local
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populations. Hedgehog population density was estimated at 15 areas
near a road (Huijser and Bergers 2000).

e  Road mortality resulting from increase in traffic speed along a
road was suspected in the local extinction of eastern quolls and 50% re-
duction of Tasmanian devils (Jones 2000).

. Two taxa of special conservation interest, the Mexican rosy
boa (Lichanura trivirgata) and the Organ Pipe shovelnosed snake
(Chionactis palarostris), appear to be relatively strongly impacted by
highway mortality. Estimate close to 4000 snakes killed on a stretch of
road (Rosen and Lowe 1994).

e A study of painted turtles at varying distance from roads
found both lower density and higher mortality near roads. A total of 205
painted turtles (Chrysemys picta) were killed along a 7.2 km (4.5 mi)
road segment that bisects a series of prairie pothole (Fowle 1990).

e  Road mortality had a significant effect on local densities of
amphibians along a two-lane road in Ontario, Canada. The density of
frogs and toads in the roadside and adjacent habitat decreased with more
traffic and higher road mortality rates (Fahrig et al. 1995).

e  Results estimate that 10% of the adult population of Pelobates
fuscus and brown frogs (Rana temporaria and R. arvalis) are killed an-
nually by traffic on a two-lane road in Northern Denmark. Population
sizes were estimated for all ponds within 250 m of the road (Hels and
Buchwald 2001).

e  Vehicular mortality was insufficient to affect roadside butter-
fly populations along 12 main roads in the U.K. (Munguira and Thomas
1992).

e  Traffic volume was related to badger (Meles meles) deaths in
southwest England. Above a certain level, all high traffic volume roads
had 6 times greater mortality then low volume roads. Results suggest
high volume roads may discourage badgers crossing roads (Clarke et al.
1998).

b. Intermediate—-political/ecological

e  The number of roads and road density was the strongest de-
terminant in the decline of badgers in the Netherlands (Meles meles),
likely due to traffic mortality (Van Der Zee et al. 1992).

e  Vehicular collisions from the roads in a national park in
southwestern Spain are one of the largest sources of mortality for Iberian
lynx (Lynx pardalis) (Ferreras et al. 1992).

e  Vehicle collisions along the highways and gravel roads in the
Kenai National Wildlife Refuge in Alaska are reported as the largest
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source of mortality for radio-collared female moose (4lces alces) (Bangs
et al. 1989).

e  Road density (corrected for traffic volume) within 0.75 km
(0.5 mi) from 109 Dutch moorland pools significantly explained the
probability as to whether or not the moor frog were present in a pool
(Vos and Chardon 1998).

e  Total traffic volume (dependent on road density) had a sig-
nificant negative effect on the population density of leopard frogs (Rana
pipiens) within a radius of 1.5 km of ponds. Traffic volume had no ef-
fect on the less mobile species green frogs (Rana clamitans) (Carr and
Fahrig 2001).

e  Results of a spatially explicit individual-based model reveal a
much stronger impact of road mortality than the barrier effect on wildlife
populations. The influence of traffic mortality is always much more sig-
nificant when the proportions of individuals avoiding the road and those
that are killed on the road (in relation to the number of individuals en-
countering roads) in the two situations compared are the same. Results
were examined for several road network configurations (Jaeger and
Fahrig 2001).

c¢. National
° No citations

Non-native Plants in Roadsides and Adjacent Landscapes

a. Single segment

e  Nearly every sampling unit along abandoned (low disturbance
and light levels), low- and high-use (highest disturbance and light levels)
roads in the H.J. Andrews Experimental forest contained at least one ex-
otic plant species. Exotic species were significantly more frequent under
high or medium light than under low light conditions. Roads and
streams apparently serve as, corridors for dispersal, suitable habitat, and
propagule reservoirs (Parendes and Jones 2000).

e  Alien plant species from an old road have spread into dis-
turbed sites in sclerophyll forest communities, Australia. Frequency of
plants declined with increasing distance from road and was correlated
with the reduction in diffuse light (Amor and Stevens 1976).

e Introduction of limestone rock material for roadbeds changed
the soil attributes of the roadside in a sandy Florida scrub area, which
supported non-indigenous species (Greenberg et al. 1997).
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b. Intermediate—-political/ecological

e  Transects through 13 of the lower Florida Keys found that ar-
eas closest to paved roads, with the largest amount of development
within a 150 m radii, had the highest probability of presence of preda-
tory, non-native, red imported fire ants (Solenopsis invicta) (Forysa et al.
2002).

e  Non-native invasive multiflora rose (Rosa multiflora) was
planted along highways in Virginia and elsewhere and quickly spread
into natural habitats to become a widespread infestation (Stiles 1980).

¢. National
° No citations

CONSEQUENCES OF THE ECOLOGICAL
EFFECT OF ROADS ON ECOSYSTEMS

Structure
Summary of Ecological Effects

Although roads are relatively narrow disturbances, they have create
a disproportionate amount landscape fragmentation. Roads create an
abundance of edge habitat, reducing habitat for organisms adapted to
interior conditions. Roads also fragment populations when they be-
come a barrier to wildlife movement.

Fragmentation

a. Single segment
e  No citations

b. Intermediate—political/ecological

e  Fragmentation was quantified due to roads in 30 areas of a
213-ha section of Medicine Bow-Route National Forest in southeastern
Wyoming. Average road density was 2.52 km/km”. Roads created 1.54-
1.98 times the edge habitat created by clearcuts and the total landscape
area affected was 2.5-3.5 times the actual area occupied by roads (Reed
et al. 1996).
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e  When stand boundaries were delineated by roads, there was a
large increase in small stands with simple shapes, concurrent with a de-
cline in the number of stands > 100 ha. Early-seral forest were in greater
proportion adjacent to roads, suggesting effect of roads on landscape
structure was somewhat localized (Miller et al. 1996).

e  For eight land cover types in the Northern Great Lakes Re-
gion, USA, 5% to 60% of a land cover type was affected by roads, de-
pending on the assumed depth-of-edge influence (DEI). Roads increased
number of patches and patch density, and decreased mean patch size and
largest patch index (Saunders et al. 2002)

c¢. National
) No citations

Function
Summary of Ecological Effects

Pollutants from roads and vehicles can alter ecological processes
by weakening defense mechanisms in plants, increasing available nutri-
ents and bio-accumulating in the food chain.

Pollutants

a. Single segment

e  High nitrogen content of roadside vegetation along a busy mo-
torway in the United Kingdom was believed responsible for the rate of
increase and the outbreaks in insect populations. Grasshoper density
(Chorthippus brunneus) was higher on motorway sites compared to sites
away from the motorway (Port and Thompson 1980).

e  De-icing salts may cause physiological stress in roadside trees
in Switzerland, making them more susceptible to aphid infestations
(Braun and Fluckiger 1984).

. Salt in roadside soils may increase available nitrogen and
some minerals. This is a possible cause for Lolium perenne growing
more vigorously in soil from near roads (Spencer and Port 1988).
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e  Some invertebrate groups appeared to increase with proximity
to certain major roads sampled. Higher levels of lead found in small
mammals at the higher trophic level (Goldsmith and Scanlon 1977).

. Lead levels, and not zinc, were higher in invertebrates in close
proximity to a road. However, the levels of heavy metals are too low to
be toxic in their animal predators (Wade et al. 1980).

b. Intermediate—-political/ecological
e  No citations

c¢. National
. No citations

Composition
Summary of Ecological Effects

Environmental characteristics such as soil moisture, air tempera-
ture, soil compaction and composition, and light differ markedly on
roads compared to adjacent surfaces. Dust from road surfaces that is car-
ried onto adjacent surfaces extends the environmental effect of roads.
These changes are translated into changes of species composition, and in
tundra landscapes, pre-mature thawing of permafrost.

Environmental Characteristics

a. Single segment

e  Vehicle tracks in northern Alaska have higher temperatures,
deeper thaw of permafrost, and higher concentrations of soil phosphate
compared to undisturbed tundra. Tracks also have fewer species of
plants, more evergreen shrubs, and greater dominance by grass-like spe-
cies (Chapin and Shaver 1981).

e  Heavy dusting near roads altered depth of thaw layer in
ground, compared with areas far from roads. Total plant biomass was
lower, and plant communities were species-impoverished, possibly due
to increased soil acidity caused by road dust (Auerbach et al. 1997).

e Dust from gravel roads reflects incoming solar heat, which in
turn is carried by wind into adjoining natural ecosystems, thus accelerat-
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ing thermokarst (melting of the permafrost). In some situations, spring
snowmelt can occur as much as two weeks earlier, and extend up to 100
m (328 ft) outward, near heavily traveled gravel roads (Walker et al.
1987).

b. Intermediate—-political/ecological
e No citations

c¢. National
° No citations
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Appendix C

Congressional Declaration of

National Environmental Policy
National Environmental Policy Act of 1969

UNITED STATES CODE, TITLE 42, SECTION 4331

(a) The Congress, recognizing the profound impact of man's activ-
ity on the interrelations of all components of the natural environment,
particularly the profound influences of population growth, high-density
urbanization, industrial expansion, resource exploitation, and new and
expanding technological advances and recognizing further the critical
importance of restoring and maintaining environmental quality to the
overall welfare and development of man, declares that it is the continuing
policy of the Federal Government, in cooperation with State and local
governments, and other concerned public and private organizations, to
use all practicable means and measures, including financial and technical
assistance, in a manner calculated to foster and promote the general wel-
fare, to create and maintain conditions under which man and nature can
exist in productive harmony, and fulfill the social, economic, and other
requirements of present and future generations of Americans.

(b) In order to carry out the policy set forth in this Act, it is the con-
tinuing responsibility of the Federal Government to use all practicable
means, consistent with other essential considerations of national policy,
to improve and coordinate Federal plans, functions, programs, and re-
sources to the end that the Nation may—

1. fulfill the responsibilities of each generation as trustee of the
environment for succeeding generations;
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2. assure for all Americans safe, healthful, productive, and aes-
thetically and culturally pleasing surroundings;

3. attain the widest range of beneficial uses of the environment
without degradation, risk to health or safety, or other undesirable and
unintended consequences;

4. preserve important historic, cultural, and natural aspects of
our national heritage, and maintain, wherever possible, an environment
which supports diversity, and variety of individual choice;

5. achieve a balance between population and resource use which
will permit high standards of living and a wide sharing of life's ameni-
ties; and

6. enhance the quality of renewable resources and approach the
maximum attainable recycling of depletable resources.

(c) The Congress recognizes that each person should enjoy a health-
ful environment and that each person has a responsibility to contribute to

the preservation and enhancement of the environment.

Information available at: http://ceq.eh.doe.gov/nepa/nepanet.htm
(accessed March 2, 2005).
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