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Abstract The serious assessment of climate change impacts
on transportation is just six years old. Yet considerable prog-
ress has been made in this short time. Analytical frameworks
to couple decision support for transportation decision makers
at the national, regional, and local levels with the leading edge
of climate science have been established and tested. A better
understanding of the risks and vulnerabilities facing transpor-
tation agencies has been accomplished through a growing
number of assessments. But significant gaps exist, and the full
integration of climate impacts in transportation planning, de-
sign, and operations has yet to be accomplished. Adaptation
planning and implementation lag except where disasters have
struck. Research must play a critical role over the next decade
to address societal impacts, better define critical concepts and
make them useful for practitioners, and integrate climate
concerns more completely in the natural and built environ-
ments across all sectors, including transportation.
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Introduction

Upon the 2009 release of Global Climate Change Impacts in
the United States [1], then-Administrator of the National

Oceanic and Atmospheric Administration (NOAA), Jane
Lubchenko, called it a “game-changer.” She felt that the
impacts of climate change were so clear and potentially dev-
astating that the need to address them in all sectors, including
transportation, was obvious. This report and two others in
2008, the Potential Impacts of Climate Change on U.S. Trans-
portation [2] and the Gulf Coast Study: Phase I [3], essentially
marked the beginning of the modern study of transportation
vulnerabilities to climate impacts. In the intervening six years,
research and assessment reports on the topic have expanded
exponentially [4], but progress has not been uniform across
the different analytic areas that are required to fully integrate
climate considerations into transportation practice.

Vulnerability assessments at the facility, network, and na-
tional levels have been conducted, which describe in greater
or lesser detail, the challenge that climate change poses to
transportation. Most frequently, climate vulnerabilities and
impacts are being analyzed at the facility level, such as a port
or a road segment, for example. Less frequently are impacts
analyzed at the network level, taking into account the inter-
connected nature of an intermodal system, regionally and
nationally. Even more rarely are the societal impacts
caused by the loss of transportation service considered,
leaving an incomplete picture of climate disruption. So-
cietal impacts must be more fully incorporated into vul-
nerability assessments.

Important progress has been made. Analytical frameworks
have been developed and deployed that attempt to marry the
needs of transportation practitioners with the data and analysis
of climate scientists. The impacts of climate on infrastructure
and operations are increasingly examined and understood.
Framework development is still verymuch a work in progress,
however [5], and fundamental concepts in climate assessment
still need to be defined and operationalized for transportation
and other infrastructure systems.

Adaptation action in response to a greater understanding of
climate risk, however, has not kept pace. The strides that have
been made in vulnerability assessment have not, as yet, been
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matched by effective adaptation planning and implementa-
tion. Climate impacts are being realized at all levels of trans-
portation decision-making, including the design and siting of
facilities, as well as in operations and maintenance (O&M).
Adjustments to O&M have been made as necessary, but there
has been a reluctance to takemore significant measures—such
as changing locations and designs—based on existing climate
information. Methods for evaluation of competing adaptation
measures, including not only their costs and benefits, but also
their effectiveness in addressing climate impacts, remain a
much-needed frontier for future development. Further, imple-
mentation of adaptation measures typically lags far behind.
While disasters such as “superstorm” Sandy, Mississippi
flooding, and extreme heat events have galvanized action in
locations that have been struck by these events, those areas
that have not experienced such disasters remain relatively
complacent about taking pre-emptive adaptation action. Anal-
ysis and continued creativity—on the part of both researchers
and practitioners—are vitally needed to provide the data,
tools, and approaches needed to establish more robust and
resilient transportation services that will withstand changing
climate conditions.

Adaptive management has not been fully adopted by the
transportation sector, but efforts are underway that are likely to
yield crucial advances. Adaptive management is a continuous
process of analyzing climate impacts, monitoring them as they
occur, making adjustments as necessary through adaptation,
and evaluating the effectiveness of those adjustments. It sup-
ports maximum flexibility in adaptation responses to allow for
climate uncertainties, as well as integration of climate factors
into an agency’s ongoing performance evaluation process.
Although hurdles remain to the adoption of adaptive manage-
ment techniques, significant advances in examining the im-
pacts of extreme weather events through comprehensive asset
management approaches are in process.

The following sections discuss the state of practice and
future challenges in each of these analytical areas, first ad-
dressing vulnerability assessment, then adaptation planning,
and then discussing how these processes can be integrated
through an adaptive management approach.

Vulnerability Assessments

Bringing long-term climate projections to the very practical
levels needed by transportation practitioners focused on ser-
vice decisions requires merging two vastly different para-
digms. The development of some analytical frameworks to
facilitate this has been a critical first step. Much progress has
been made in adapting the science-focused climate change
frameworks from the IPCC for use in vulnerability assess-
ments conducted by governments and infrastructure man-
agers, but important elements are still missing. A critical

conceptual element of vulnerability—that of adaptive
capacity—has not been clearly developed for the built envi-
ronment. New approaches have been developed to better man-
age assets, but climate change and extreme weather events
have yet to be fully incorporated into them. Finally, the societal
implications of climate change stemming from the loss of vital
infrastructure services have yet to be fully described.

Framework Development

Vulnerability assessment frameworks for transportation facil-
ities are becoming more common. Assessments of ports [6],
transit [7•], freight lines [8], and airports [9] have been done
across the globe using a variety of frameworks, including
qualitative scoring approaches that rank risks based on their
consequences and probabilities, as well as more quantitative
approaches. A particularly comprehensive summary of cli-
mate impacts on ports and sea trade was published by the
U.N. in 2012 [10].

In the USA, the Federal Highway Administration (FHWA)
has led the effort to develop frameworks and support peer
exchange opportunities among State Departments of Trans-
portation (DOTs) and Metropolitan Planning Organizations
(MPOs). FHWA published a vulnerability assessment frame-
work in December 2012 based on experiences of five pilot
projects. As concern among transportation agencies about
climate impacts has risen, a growing number of agencies are
drawing on such tools; at least 23 State DOTs have used or are
using the FHWA framework to assess their vulnerability and
begin adaptation planning. The exact approach used by dif-
ferent agencies to assess vulnerability varies—ranging from
data-driven desk analyses to facilitated workshops with stake-
holders—but they each result in an understanding of vulner-
abilities and information that can be used to prioritize more
targeted risk or adaptation assessments. The FHWA vulnera-
bility assessment framework is being further tested and re-
fined through 19 “climate resilience pilot projects,”with seven
focused exclusively on vulnerability assessments [11]. While
numerous approaches have been used, not all of them are of
comparable rigor. Data and resource limitations and an incom-
plete understanding of the magnitude of the climate challenge
have often left transportation agencies with a general notion
that risks exist, but questions of how big that risk is and how to
minimize it are often left unanswered. The variety of frame-
works that are now employed calls out for an assessment of
best practices and greater standardization across approaches.

The interaction between natural environment systems and
infrastructure systems—including transportation—adds fur-
ther complexity to the task of vulnerability assessment. For
example, climate impacts on the hydrologic cycle and aquatic
systems have particularly profound implications for infra-
structure services. As sea levels rise, barrier islands and
marshes that have provided protective buffers disappear;
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patterns of flooding, soil accretion, and vegetation evolve; and
the assumptions underlying the siting, design, and mainte-
nance of transportation infrastructure must be reexamined. In
turn, the environmental impact of transportation measures
likewise needs to be reassessed in light of different potential
climate scenarios. Wetland mitigation measures, for example,
need to incorporate future climate projections to ensure the
long-term viability of mitigation investments [3]. Road align-
ments that were historically considered to have no impact may
now exacerbate flooding during severe storm events due to
changing sea levels and evolving land uses.

While there is substantial literature on climate change,
there remains an urgent need for more information specific
to the impacts of climate change on transportation to inform
practitioners as they make decisions about priority invest-
ments. Recent advances have included a greater emphasis on
forecasting of extreme heat and precipitation events—climate
stressors that tend to have more significant impact on trans-
portation systems. Rowan et al., have developed a sensitivity
matrix tool to help transportation decision makers assess the
relative sensitivity of transportation infrastructure to climate
impacts, with a focus on severe events. This sensitivity matrix,
developed for the FHWA as part of a case study of transpor-
tation assets in Mobile, Alabama, helps transportation man-
agers identify those assets and services at greatest risk to
damage and disruption due to climate change, so that they
can direct adaptation measures accordingly [12]. Dobbins and
Abkowitz are developing a decision framework for transpor-
tation managers based on impact thresholds to infrastructure
and corresponding potential adaptation measures [13]. As
transportation practitioners increasingly interact with climate
and environmental scientists, more detailed data and relevant
analyses can be expected.

Adaptive Capacity

Vulnerability to climate stressors is intuitively understood by
most practitioners, however the underlying analytic compo-
nents of vulnerability—exposure, sensitivity, and adaptive
capacity—are less familiar. Further, these concepts were first
developed by scientists with natural systems in mind. Appli-
cation to the built environment has not been fully realized. The
exposure and sensitivity of an asset to climate stressors are
perhaps more easily understood, although in practice the
interpretation of these concepts can be confusing; for exam-
ple, if an asset experiences storm winds that are below its
design threshold, is it not exposed or merely insensitive to a
climate stressor [14]? Of more concern is how the concept of
adaptive capacity applies to infrastructure. Far from a theoret-
ical exercise, the identification of a system’s adaptive capacity
can provide a more accurate indication of the service levels
possible during and after extreme weather events (EWEs).

Understanding a system’s adaptive capacity is, thus, an im-
portant part of the framework for adaptation planning.

Recent attempts to define adaptive capacity have more
intuitive appeal than the formal IPCC definition, which de-
fines adaptive capacity as “the ability of a system to adjust to
climate change (including climate variability and extremes) to
moderate potential damages, to take advantage of oppor-
tunities, or to cope with the consequences” [15]. More
practitioner-focused definitions of adaptive capacity em-
phasize the ability to maintain service through system
redundancy and the time it takes to return to full service
levels following a EWE [14].

These efforts to reframe the concept of adaptive capacity
are welcome advances, but incomplete. Still to be determined
is what capacity it takes to return damaged or destroyed assets
to full service levels. Questions such as budget, institutional
capacity, technical expertise, and the ability to identify and
mobilize funding from multiple sources have yet to be con-
sidered in a comprehensive framework of adaptive capacity
and resilience.

Societal Impacts

When considering the implications of climate change, the first
instinct of transportation managers likely is to focus on the
direct impacts of climate on the condition of specific infra-
structure and facilities. How, for example, may changes in
climate affect a particular highway or bridge structure? Yet a
broader assessment of how climate stressors affect transporta-
tion systems—and in turn, affect communities and econo-
mies—is essential to achieving the most effective and sustain-
able strategies. As expressed in a 2012 technical report
supporting the U. S. National Climate Assessment, “Although
considerations of infrastructure often seem totally concentrat-
ed on physical structures, those structures are especially im-
portant because they are means to social ends. In other words,
services and not structures are what are important to users and
decision-makers” [16]. While there is growing recognition
that societal impacts need to be considered in adaptation
frameworks, relatively little has been done to accomplish this
integration.

Using a systems-level analysis focused on the service
provided allows transportation decision makers to understand
the relative significance of climate risk to different segments
of the transportation network, based on the consequences of
potential disruption to that segment on overall mobility and
access. Assessing climate vulnerability from a systems per-
spective helps managers identify not only how the asphalt and
signage of a road segment may be damaged by climate
change, but—far more importantly—how significant that
damage would be to the traveling public.

The sheer complexity of taking a systems approach re-
quires an understanding of what is critical to a metropolitan
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region. Transportation managers need to target the facilities
that are most vital to the system when allocating time and
funds to adaptation measures. Such a “criticality” assessment
was done as part of the second phase of the Gulf Coast Study
[17] but is not yet routinely conducted. Criteria to assess
criticality may include factors such as volume of passenger
travel; critical access to key services, such as health care and
schools; essential routes for emergency evacuation and first
responders; and key routes for goods movement and com-
merce. Further, managers need to consider the degree of
redundancy in a system: Do residents have multiple ways to
reach a particular hospital? Can goods be transported by rail
when a road is out of service? Ideally, the criteria for consid-
ering the relative priority of different assets will reflect the
values and priorities of the region affected. Understanding the
most critical components of the overall transportation network
helps managers focus on shoring up the most important “weak
links” in the system.

Perhaps even more significant, emerging approaches to
vulnerability assessment recognize that the most important—
and costly—effects of climate change impacts on transporta-
tion may not be the direct, physical damage or disruption that
occurs to transportation infrastructure. Wilbanks et al., discuss
three tiers of effects that need to be considered to comprehend
the full scope of climate impacts on infrastructure services: “1)
direct impacts on citizens and businesses, 2) impacts on service
providers and business-to-business activities, and finally 3)
regional or even national impacts” [18]. As described by
Kirshen in an analysis of climate impacts on infrastructure in
Boston, impacts on one sector of the economy can have ripple
effects across multiple systems [19]. The effect of “cascading
impacts” on other infrastructure, health and safety, and pro-
ductivity can rapidly escalate the level of damage. This is
particularly true in densely populated urban areas that depend
on complex and interconnected systems of infrastructure, com-
merce, and community life. Even further, as economies
become increasingly dependent on global resources and
markets, the impact of climate events in one region can
have direct repercussions in countries around the world
[18, 20]. Current analytical frameworks should be ex-
panded to include these impacts.

Adaptation Planning and Analysis

The state of practice in transportation adaptation is develop-
ing, not through the scientific literature, but through on-the-
ground activities at transportation agencies. Therefore, the
actual state of practice is much more advanced than an initial
literature review may reveal. Individual transportation agen-
cies throughout the United States are indeed taking action to
adapt to changes in extreme weather events and climate in
each stage of transportation decision-making, from planning

and siting through design and construction to operation and
management. But these actions are rarely acknowledged as
adaptation activities.

Design and Siting

Transportation agencies are recognizing the need to incorpo-
rate climate change adaptation into infrastructure design [21].
Indeed, most managers initially assume that adaptation mea-
sures require a “hard” engineering response. But analytic,
financial, and institutional barriers have slowed the incorpo-
ration of climate change factors into facility design. As a
result, most changes to asset design to date have concentrated
on structures that are being rebuilt after being destroyed
during extreme weather events. In this setting—where imme-
diate decisions are required—political leadership, planners,
and engineers can more readily justify changes to design that
will make infrastructure stronger. For example, the US 90
Bridge over St. Louis Bay in Mississippi, which was
destroyed after Hurricane Katrina, was rebuilt higher and
more resistant to storm surge than the original structure.

In contrast, for routine capital investments, transportation
agencies have not yet developed standardized approaches for
incorporating climate science into engineering, particularly
for new assets. Determining how to do this effectively is a
primary frontier in adapting transportation systems to climate
change. Additional communication between transportation
engineers and climate scientists is necessary before projected
climate conditions can be fully integrated into design deci-
sions. Identifying potential sea level rise and providing spe-
cific guidance on the levels, which must be considered in
infrastructure development, as has been done by California
[22•], is a major step, yet just the first of the necessary actions
required. Since sea level rise will act synergistically with
storm surge and wave action to increase flooding and damage
potential, design standards for coastal infrastructure ultimately
should incorporate the combined risk of these climate stresses.
Similarly, tropical storm intensification, another likely impact
of climate change, raises the potential for higher sustained
winds [23] and more damaging storm surge. Are the current
standards adequate to protect not only transportation infra-
structure, but the ancillary structures for signage, drainage,
and communications on which service also depends? A forth-
coming report from the Second Phase of the Gulf Coast Study
identifies some of the trade-offs among adaptation options for
transportation infrastructure in Mobile, Alabama [24]. But the
next step, as called for by Engineers Canada is that, “Bodies
responsible for engineering codes, standards and work prac-
tices should consider climate change as an additional factor in
regular reviews to establish or change codes, standards and
work practices” [25]. Inherent in their approach is the need for
an ongoing process to review and update codes to better
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reflect the changing climate as conditions evolve and climate
models are further refined.

An equally important need is to incorporate potential cli-
mate scenarios into the siting of transportation facilities: Lo-
cations for coastal highway alignments that may be acceptable
assuming historic environmental conditions may prove to be
too vulnerable under future conditions; airport runways, many
of which are located very near water bodies, may be at risk of
inundation under sea level rise. Until transportation agencies
incorporate potential future climate stress into location choices
for facilities, they run the risk of investing in facilities that will
not withstand the test of time.

Operations and Maintenance

While adaptation strategies involving changes to design and
siting typically require lengthy decision processes—and often
significant cost—operation and maintenance (O&M) strate-
gies can be implemented relatively quickly. Transportation
agencies regularly review and revise their O&M procedures
to ensure they can provide safe and reliable service. As agen-
cies are experiencing an increasing number of extreme events
and subtle changes in climate, they are revising their O&M
practices in real time. For example, Michigan DOT has
changed how they prepare for snow in response to changes
in Lake Effect snow patterns by changing the materials used,
the number of employees assigned to weather response, and
shift timing [26]. Alabama DOT has also reported changing
O&M practices; for example, they are changing the kinds of
equipment used to make the agency’s O&M units more flex-
ible in responding to different types of events, and they are
increasingly coordinating with other organizations.

O&M opportunities are being recognized as some of the
“low hanging fruit” of adaptation, since these practices are
more easily adopted and do not require the capital investments
and lead time of other longer-range adaptation strategies such
as elevating infrastructure. However, reacting to changes as
they happen exclusively through O&M will not likely be a
sustainable way for organizations to adapt to climate change
over decades. As discussed throughout this paper, the analytic
frontiers in adaptation focus on how to most effectively inte-
grate climate information and knowledge of an uncertain
future into all aspects of transportation decision-making.

Evaluation of Adaptation Options

As transportation practitioners expand their understanding of
the range of adaptation options that may be appropriate—
including, but not limited to, “hard” engineering re-
sponses—the challenge of evaluating these options becomes
more complex. In fact, even assessing the relative costs of
different adaptation measures is challenging. As noted in
Sussman et al. (2013), there is scant literature on the costs of

adaptation, and much of it is speculative because bottom-up
evaluation studies of adaptation options are largely lacking
[27•]. Sussman and her co-authors explore the state of knowl-
edge regarding the national costs of adaptation in the United
States. They find that “adaptation cost could be as high as tens
or hundreds of billions of dollars per year by the middle of this
century,” while noting the numerous areas of analysis that
need to be pursued to develop more robust quantification of
the full costs—and benefits—of both climate impacts and
adaptation measures.

Serious assessments are crucially needed of the costs and
benefits of specific measures at the asset or metropolitan level
that will provide more robust and resilient service in the face
of climate change. Risk management needs to be married with
engineering economics because no one will write a blank
check for unproven adaptation measures, especially when
the costs are high. There are some examples of work to better
quantify costs and benefits. Venner and Zamurs (2012) focus
on specific direct costs of particular adaptation measures, such
as maintenance approaches [28•]. Massachusetts DOT is eval-
uating the costs and benefits of different adaptation strategies
for its Central Artery system in Boston. More work is needed.
What are the costs of inaction against which adaptation mea-
sures should be compared? When does the return on invest-
ment warrant significant adaptation? Toward this latter ques-
tion, strategies have been suggested to schedule adaptation
improvements opportunistically with other capital improve-
ments to keep costs down [18].

Closely tied to the costs of adaptation is the effectiveness of
such measures. True evaluations of effectiveness will be a
very long time coming given the imprecision in the timing
and intensity of many climate impacts, and the longevity of
the transportation infrastructure. However, some indication of
the reduced risk to transportation systems is critical. Some
studies exist not in the scientific literature but rather in indi-
vidual engineering and design studies as assets are constructed
or improved. Others are notable as well, particularly in green
infrastructure, where reductions in wave energy due to
mangroves, for example, have been estimated [29] and
provide a measure of the effectiveness of maintaining
such natural protection systems. But engineers and plan-
ners still wrestle with the relevant question of “how much
resilience and at what cost?”

While facility-specific costs and effectiveness are challeng-
ing to evaluate, even more difficult to measure are the broader
societal and environmental costs and benefits of adaptation
actions. How can indirect and cumulative effects be valued?
How can broader effects on economic prosperity, public safe-
ty, and ecological health be gauged? Ignoring the more sys-
temic effects of different adaptation strategies can result in
underestimating the value of some adaptation approaches, and
in missed opportunities to enhance communities and regions.
Tackling these more complex analyses is a challenging but
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necessary step if we are to develop truly resilient trans-
portation systems that contribute to sustainable commu-
nities over decades.

Adaptive Management

Vulnerability assessment and adaptation are not one-time
activities, but rather continuous processes of integrating new
climate information, system objectives, and infrastructure
conditions to develop and maintain a safe and effective trans-
portation system that is able to meet changing conditions. This
process—called adaptive management—is similar to existing
planning and management practices in transportation, but as it
relates to climate change, it is a relatively new concept.
Yet the increasing focus of transportation professionals
on performance-based management and asset manage-
ment approaches provide an ideal platform for incorporating
adaptive management concepts into transportation decisions.

Asset Management

Transportation Asset Management (TAM) is a strategy to
facilitate operations that also provides several opportunities
for managing climate-related and weather-related risks
[30•, 31]. Asset management systems provide one of the
most tangible ways for transportation agencies to incorporate
climate risk into decision-making, since measures of climate
risk can be incorporated in these systems alongside the nu-
merous other factors that contribute to decisions, such as
remaining service life, condition, usage, criticality, and others.
This “mainstreaming” approach to climate assessment and
adaptation—through which climate stress becomes one of
multiple factors that inform decisions—can help ensure that
transportation decisions are more likely to support long-term
transportation and societal objectives.

For example, agencies such as the New York State DOT
use asset management systems to record damages and costs
associated with extreme weather [32]. Agencies can also use
these systems to add flags for assets that are repeatedly dam-
aged from weather events or to note vulnerability as deter-
mined through a vulnerability assessment. Asset management
is increasingly being recognized as a best practice for improv-
ing transportation resilience; however, implementation as it
relates to EWE’s and climate change by transportation agen-
cies is still in early stages.

Great strides have been made across the globe to introduce
asset management systems as an overarching framework for
transportation decision making[33–36], but extreme weather
events both now and in the future pose mounting difficulties
that still need to be addressed [31]. Planning for EWEs in
transportation has always been difficult, and the prospect of
more frequent or severe EWEs heightens the challenge.

Transportation agencies struggle with decisions about the
level of resiliency that a transportation system can achieve in
the face of severe storms, with concurrent infrastructure dam-
age and flooding. Maintaining service versus protecting assets
is a critical trade-off [37] and when to shut the system down
becomes a paramount concern.

TAM as a framework for integrated decision making is
intended to make these trade-offs explicit. But how can goals
and objectives about service delivery under EWEs be deter-
mined? The uniqueness of storm events and other EWEs
demands a deeper understanding of their disruptive capacity
that will certainly require concerted study and data collection
over the coming years.

The changing climate—which is expected to increase trop-
ical storm intensity and may increase flooding events in some
areas—is a further complication to incorporating EWEs into a
TAM framework. Overblown political discussions about cli-
mate change uncertainties have muddied the issues involved,
confusing arguments about a clear “signal” about the direction
of future changes with the “precision” of future climate im-
pacts. Nonetheless, the latter is still of critical concern to
infrastructure managers and engineers. To what specific toler-
ances should infrastructure be built? At what point are thresh-
olds exceeded and service can no longer be provided? Trans-
portation agencies need to answer these questions before
climate change can be fully incorporated into TAM goals
and objectives. Processes for setting design standards [38]
have typically served to answer these questions, but with
climate change, the past is not a good indicator of the future,
and the standards previously set must be reexamined. While
TAM presents a significant step forward as an integrated
decision framework, the full inclusion of EWEs and climate
change poses substantial challenges.

Conclusion

The state of practice in vulnerability assessment and adapta-
tion planning is rapidly evolving in the transportation sector,
with more progress achieved, generally speaking, in assessing
vulnerability than in taking adaptation action. Many advances
have been realized through both basic and applied research,
experimental approaches by practitioners, and enhanced col-
laboration of climate, environmental and transportation pro-
fessionals. As a result, analytical frameworks have been de-
veloped, and the risks of climate change to transportation
infrastructure and services are much better understood. There
is also a growing appreciation of how climate risks can be
assessed, monitored, and addressed. Agencies are now
transitioning from assessing vulnerabilities to addressing vul-
nerabilities. They are beginning to implement adaptation strat-
egies and monitor their effectiveness. As they begin to do so,
the field faces several frontiers that will shape the future state
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of practice in transportation adaptation and point to new
questions for the research community.

Climate challenges must be better integrated as a core
consideration for the natural and built environments and for
society as a whole. As climate stressors are realized through
the natural environment and impact the built environment, the
interaction between ecological systems and structures be-
comes even more complex. As the natural and built environ-
ments are impacted, society is affected as well. Only by
understanding this integrated and dynamic system can an
appreciation of the true costs of climate change as well as
the benefits of adaptation be realized. Research must play a
key role in furthering the state of the art in climate impact
assessment and adaptation planning.
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