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Ensuring Transportation Infrastructure and System Resilience

Module 1: Introduction

Learning Objectives
By the end of this section, you will be able to:

¢ Identify the regulatory drivers and strategic goals behind the U.S. DOT Climate Adaptation Plan.

e Evaluate the potential impacts of climate variability on various transportation modes and
infrastructure assets.

¢ Analyze the three high-level priority actions established by the DOT to build systemic resilience.

Executive Summary: The U.S. Department of Transportation (DOT) is integrating climate change
adaptation into its core planning and operations to safeguard taxpayer investments and ensure the long-
term safety and efficiency of the national transportation system. By shifting from historical climate data
to proactive, flexible decision-making, the DOT aims to address vulnerabilities across more than 4 million
miles of roads, major rail networks, and thousands of airports and ports.

Strategic Context and Regulatory Drivers

Under Executive Order No. 13514 and Council on Environmental Quality (CEQ) instructions, the DOT
implemented its Climate Adaptation Plan in 2013. This initiative aligns with the Department’s mission to
ensure a safe and efficient transportation system that enhances the quality of life for the American
people.

e Mitigation vs. Adaptation: While mitigation addresses greenhouse gas emissions, this plan
focuses exclusively on adaptation—adjusting how infrastructure is planned, designed, and
operated to remain effective in changing climate conditions.

e System Scope: The DOT oversees a massive network including:
o 3.9 million miles of public roads.
o 120,000 miles of major railroads.
o 25,000 miles of navigable waterways and 300+ ports.

o 5,000 public-use airports and 500 major transit operators.

The Reality of Climate Variability
Scientists have concluded that weather patterns are changing and likely to accelerate, making past
climate data unreliable for future engineering projections.

"DOT shall integrate consideration of climate impacts and adaptation into the planning, operations,
policies, and programs of DOT in order to ensure that taxpayer resources are invested wisely and that
transportation infrastructure, services and operations remain effective in current and future climate
conditions." — Excerpt from DOT Policy Statement.
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Design Fundamentals and Resilience

Building resilience is a standard management practice to protect investments and maintain operational
capabilities. Transportation assets are inherently long-lived (bridges and tunnels often serve for decades
or centuries), making them susceptible to cumulative environmental risks.

Balancing Design Costs and Risks
Good engineering design requires balancing the costs of overbuilding against the risks of underbuilding:

e Overbuilt Projects: May result in excessive costs and prevent other useful investments.

e Underbuilt Projects: Risk premature damage or destruction, requiring expensive repairs and
causing public service disruptions.

1. Safety Constraint: Infrastructure designers must use the best available information to assess long-
term environmental risks, as structures built today will face climate stresses 50 to 100 years in the
future.

Notable Potential Impacts
Climate change presents a wide array of physical and operational challenges across transportation
modes.

Infrastructure Degradation

e Tunnels and Low-lying Assets: Increased flooding requiring advanced drainage and pumping
systems.

e Bridges and Pavements: Thermal expansion of joints and asphalt degradation due to extreme
heat waves.

e Culverts: Potential damage from changes in precipitation intensity and snowmelt timing.

Operational Disruptions

e Rail Systems: Increased risk of derailments and slower travel times due to rail buckling.

e Aviation: Reduced aircraft performance (range and payload) and air traffic disruptions due to
severe weather.

e Marine: Navigational aid damage and reduced access to docks due to sea level rise and storm
surges.

Priority Actions for Implementation
The DOT has identified three priority pillars to foster a resilient transportation sector:
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1. Planning: Ensuring investment decisions address climate impacts in statewide and metropolitan

planning processes to protect federal investments.

2. Asset Management: Incorporating climate variability into existing grantee asset management

systems and performance measures.

3. Tools: Providing case studies, best practices, and technical outreach to facilitate climate-

informed decision-making.

Figure: DOT Priority Actions for Implementation.

. Design Tip: Proactive adaptation strategies are more efficient and cost-effective than reactive

repairs. Engineers should explore integrating climate considerations early in the project development

lifecycle.

Coordinating Administrations

The following modal agencies are committed to these priority actions:
e Federal Aviation Administration (FAA).
e Federal Highway Administration (FHWA).
e Federal Transit Administration (FTA).
e Federal Railroad Administration (FRA).
e Federal Motor Carrier Safety Administration (FMCSA).
e Pipeline and Hazardous Materials Safety Administration (PHMSA).
e Maritime Administration (MARAD).

e Saint Lawrence Seaway Development Corporation (SLSDC).
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Checkpoint Quiz

1. Which of the following is considered a high-level priority action by the DOT to address climate
variability?
a) Immediate replacement of all asphalt with concrete
b) Integrating climate impacts into statewide transportation planning
c) Reducing greenhouse gas emissions from all commercial vehicles
d) Eliminating all low-lying coastal infrastructure

Answer: (b). The DOT's three priority actions are Planning, Asset Management, and Tools.

2. Why does the DOT consider past weather patterns to be "less reliable" indicators for future
engineering?
a) Modern sensors have proven historical data was inaccurate
b) Climate change is causing weather patterns to shift or accelerate beyond historical norms
c) Federal regulations now prohibit the use of data older than 10 years
d) Historical records do not cover a wide enough geographical range

Answer: (b). Scientists conclude that some climate change has occurred and patterns are changing,
necessitating greater flexibility in planning.

3. What s a major risk associated with an "underbuilt" transportation project in the context of
climate adaptation?
a) It prevents other, more useful investments from being funded
b) Itresultsin unnecessary taxpayer expenditure
c) Itfaces premature destruction, requiring costly replacement and service downtime
d) Ittypically exceeds its design life too quickly

Ensuring Transportation Infrastructure and System Resilience

Answer: (c). Underbuilt projects are subject to premature damage that imposes additional costs on the

public.
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Module 2: Potential Vulnerability and Impacts

Learning Objectives
By the end of this section, you will be able to:

e Evaluate the three core categories of transportation vulnerability identified by the U.S. DOT.

e Analyze the physical mechanisms by which temperature, precipitation, and sea-level rise
degrade specific infrastructure assets.

¢ Identify indirect and combined climate effects that influence long-term system resilience and
regional economic activity.

Executive Summary: The U.S. DOT addresses climate risk through three lenses: Existing Infrastructure,
New Infrastructure, and System Resilience. As environmental stresses like extreme heat, intense
precipitation, and sea-level rise increase, the probability of unexpected failures rises, necessitating a
shift in design standards and the selective use of redundant infrastructure to maintain national mobility
and economic stability.

Primary Vulnerability Categories
The DOT focuses its adaptation actions on infrastructure and systems to ensure a resilient
transportation network.

Existing Infrastructure Resilience

Existing assets cover a vast range of ages and levels of sophistication.

e Varied Standards: Infrastructure has been built to diverse historical design standards, leading to
varied levels of environmental risk.

e Failure Probability: As risks change, the likelihood of unexpected failures increases.

e End-of-Life Decisions: Decisions regarding the replacement or abandonment of aging
infrastructure often fail to account for future climate risks.

New Infrastructure Resilience

Newly constructed projects must recognize the best current understanding of future environmental
risks.

e Planning Integration: Projected climate changes must be incorporated into the planning and
design processes across both public and private sectors.

System Resilience

Transportation systems are interdependent and more than the sum of their parts.
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