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Abstract

Climate affects the design, construction, safety, operations, and maintenance of transporta-
tion infrastructure and systems. The prospect of a changing climate raises critical questions
regarding how alterations in temperature, precipitation, storm events, and other aspects of
the climate could affect the nation’s roads, airports, rail, transit systems, pipelines, ports,
and waterways. Phase I of this regional assessment of climate change and its potential
impacts on transportation systems addresses these questions for the region of the U.S. cen-
tral Gulf Coast between Galveston, Texas and Mobile, Alabama. This region contains
multimodal transportation infrastructure that is critical to regional and national
transportation services.

Historical trends and future climate scenarios were used to establish a context for exam-
ining the potential effects of climate change on all major transportation modes within the
region. Climate changes anticipated during the next 50 to 100 years for the central Gulf
Coast include warming temperatures, changes in precipitation patterns, and increased storm
intensity. The warming of the oceans and decline of polar ice sheets is expected to acceler-
ate the rate of sea level rise globally. The effects of sea level rise in most central Gulf
Coast counties will be exacerbated by the sinking of the land surface, which is accounted
for in this assessment.

The significance of these climate factors for transportation systems was assessed. Warming
temperatures are likely to increase the costs of transportation construction, maintenance,
and operations. More frequent extreme precipitation events may disrupt transportation
networks with flooding and visibility problems. Relative sea level rise will make much of
the existing infrastructure more prone to frequent or permanent inundation — 27 percent of
the major roads, 9 percent of the rail lines, and 72 percent of the ports are built on land at or
below 122 cm (4 feet) in elevation. Increased storm intensity may lead to increased service
disruption and infrastructure damage: More than half of the area’s major highways
(64 percent of Interstates; 57 percent of arterials), almost half of the rail miles, 29 airports,
and virtually all of the ports are below 7 m (23 feet) in elevation and subject to flooding
and possible damage due to hurricane storm surge. Consideration of these factors in
today’s transportation decisions and planning processes should lead to a more robust,
resilient, and cost-effective transportation network in the coming decades.
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Lead Authors: Joanne R. Potter, Michael J. Savonis, Virginia R. Burkett

The changing climate raises critical questions for the transportation sector in the United
States. As global temperatures increase, sea levels rise, and weather patterns change, the
stewards of our Nation’s infrastructure are challenged to consider how these changes may
affect the country’s roads, airports, rail, transit systems, and ports. The U.S. transportation
network — built and maintained through substantial public and private investment — is vital
to the Nation’s economy and the quality of our communities. Yet little research has been
conducted to identify what risks this system faces from climate change, or what steps
managers and policy makers can take today to ensure the safety and resilience of our vital
transportation system.

This study: The Impacts of Climate Change and Variability on Transportation Systems
and Infrastructure: Gulf Coast Study, Phase | has investigated these questions through a
case study of a segment of the U.S. central Gulf Coast. The research, sponsored by the
U.S. Department of Transportation (DOT) in partnership with the U.S. Geological Survey
(USGS), has been conducted under the auspices of the U.S. Climate Change Science
Program (CCSP). The study is 1 of 21 “synthesis and assessment” products planned and
sponsored by CCSP. The interdisciplinary research team included experts in climate and
meteorology; hydrology and natural systems; transportation; and decision support.

A case study approach was selected for this research as an approach that would generate
useful information for local and regional decision makers, while helping to develop
research methodologies for application in other locations. In defining the study area, the
DOT sought to design a project that would increase the knowledge base regarding the risks
and sensitivities of all modes of transportation infrastructure to climate variability and
change, the significance of these risks, and the range of adaptation strategies that can be
considered to ensure a robust and reliable transportation network. The availability of
reliable data, interest of local agencies and stakeholders, and transferability of findings
were also important criteria in selecting the study area. This study focuses on those climate
factors which are relevant to the Gulf Coast; in other areas different aspects of climate
change may be significant. The modeled climate projections and the specific implications
of these scenarios for transportation facilities are specific to the Gulf Coast study area
However, the methods presented in this report can be applied to any region.

This report presents the findings of the first phase of a three phase research effort. The
ultimate goal of this research is to provide knowledge and tools that will enable
transportation planners and managers to better understand the risks, adaptation strategies,
and tradeoffs involved in planning, investment, design, and operational decisions. The
objective of Phasel was to conduct a preliminary assessment of the risks and
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vulnerabilities of transportation in the region, after collecting and integrating the range of
data needed to characterize the region — its physiography and hydrology, land use and land
cover, past and projected climate, current population and trends, and transportation
infrastructure. Subsequent phases will conduct more detailed analyses. Phase Il will
conduct an in-depth assessment of risks to transportation in a selected location, reporting
on implications for long-range plans and impacts on safety, operations, and maintenance.
This phase will also develop a risk assessment methodology and identify techniques to
incorporate environmental and climate data in transportation decisions. Phase III will
identify and analyze adaptation and response strategies and develop tools to assess these
strategies, while enumerating future research needs.

B The Gulf Coast Study Area

The Gulf Coast study area includes 48 contiguous coastal counties in four States, running
from Houston/Galveston, TX, to Mobile, AL. This region is home to almost 10 million
people living in a range of urban and rural settings and contains critical transportation
infrastructure that provides vital service to its constituent States and the Nation as a whole.
It is also highly vulnerable to sea level rise and storm impacts. A variety of physical
datasets were compiled for review and use by the project research team. Most of the
spatial data is organized in GIS formats or “layers” that can be integrated to assess the
vulnerability and risks of the transportation infrastructure in the study area and inform the
development of adaptation strategies.

Physical and Natural Environment

The coastal geography of the region is highly dynamic due to a unique combination of
geomorphic, tectonic, marine, and atmospheric forcings that shape both the shoreline and
interior land forms. Due largely to its sedimentary history, the region is low lying; the
great majority of the study area lies below 30 m in elevation. Due to its low relief, much of
the central Gulf Coas