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What is Resilience?

Resilience: the ability to anticipate,

prepare for, and adapt to changing
conditions and withstand, respond to,
and recover rapidly from disruptions.
Photo credit: CO DOT
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Fourteen Separate Billion Dollar Disasters in 2019
Credit:
NOAA
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Fourteen Separate Billion-Dollar Disasters in 2018
Credit:
NOAA
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Transportation System Impacts
USDOT FY 2018-22 Strategic Plan: “DOT will increase its
effectiveness in ensuring that infrastructure is resilient enough to
withstand extreme weather”

Photo credit: CalTrans
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FHWA and Resilience
•
•

•
•
6

Adaptation activities eligible for
FHWA funding
FHWA requires resilience to be
considered in:
• Asset management plans (23
CFR 515)
• Transportation plans (23 USC
134, 23 CFR 450)
• Emergency relief (23 CFR 667)
• FHWA programs and policies
(Order 5520)
Extensive FHWA research and
technical assistance available.
FHWA Resilience Website:
https://www.fhwa.dot.gov/enviro
nment/sustainability/resilience/

Flooding from Hurricane Harvey, Credit: TTI

April 2017 flooding in Washington State, Credit: WSDOT

FHWA Resilience Integration
Goal: Integrate consideration of resilience in transportation decision making
•

In support of 23 U.S.C. § 503(b)(3)(B)(viii), which directs the U.S. Department of Transportation “to carry out research and
development activities … to study vulnerabilities of the transportation system to … extreme events and methods to reduce those
vulnerabilities.”

Planning
• Resilience in
Asset
Management
• Resilience in
Transportation
Planning
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Project Level
• Coastal and
Riverine
Hydrology
Manuals
• Nature Based
Resilience for
Coastal Highways

Operations and
Maintenance
• Emergency
Response
• Resilient
Recovery

Working with Partners Across the Country

North Central Texas COG:
Regional Vulnerability Assessment
• Collected and analyzed data on
flooding, temperature, urban
heat islands, local soil and
hydrology in GIS
• Collected data on road, rail, &
airport assets from existing
inventories
• Assessed criticality using traffic
and passenger data
• Identified critical assets within
the current 100-yr floodplain and
assessed heat risk
• Intend to incorporate analysis in
transportation plan, use for
project development and
prioritization

Flooding impacts in Dallas, Texas. Source: NCTCOG

Map of shrink-swell clay soils. Source: NCTCOG
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Hillsborough MPO (Tampa), Florida
2012-2014 Study:
• Evaluated economic impact of sea level rise, storm surge,
and flooding to surface transportation system
• Identified six critical and vulnerable infrastructure assets
to analyze
• Developed system-wide and project-level adaptation
strategies
• Conducted econometric analysis of economic impact of
disrupted transportation network with and without
adaptation strategies
2018-2020 Study: Update and expand to whole TMA
Regional Scale Analysis Results

Potential Inundation with 2040
Sea Level Rise and Category 1
or 3 Hurricane

Moderate Scenario

No Adaptation

Medium
Adaptation Level

Economic Loss

$266,094,000

$153,141,000

$119,203,200

Avoided Loss

$0

$112,953,000

$146,890,800

Strategy Cost

$0
$0

$31,000,866

$111,932,281

$81,952,123

$34,958,508

Net

High
Adaptation Level
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Connecticut DOT Pilot:
Bridge and Culvert Adequacy
• Analyzed inland
flooding associated
with extreme
rainfall events
• Evaluated the
hydraulic adequacy
of the structures
and developed
performance
curves
Flood depth vs. peak discharge for a structure in Connecticut (Source:
Connecticut DOT).

What Makes a Successful Project?
• Clear Objective
– What are you trying to
find out?

• Manageable Scope
– One piece in a broader,
long-term effort

• Provides useful
information of enduring
value
– Buy-in from people who
will use the results
– Asset data
– Maps
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Vulnerability Assessment and Adaptation
Framework, 3rd Edition
• Provides an in-depth and
structured process for
conducting a vulnerability
assessment.
• Features examples from
assessments conducted
nationwide.
• Incorporates information
from recent FHWA and
other Federal partner
projects.
• Includes links and
references to related
resources and tools.

2018-2020 Resilience and Durability Pilots

Pilots and Natural-Hazard Info

Pilots

Sign up
for
emails

https://www.fhwa.dot.gov/environment/sustainability/resilience/
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FHWA Resilience Resources
Gulf Coast 2 Study

Resilience Pilots with State DOTS & MPOs

Hurricane Sandy
Project

Engineering
Assessments Study

https://www.fhwa.dot.gov/environment/sustainability/resilience/
Vulnerability &
Adaptation
Framework

Engineering
Guidance
(HEC-25 & 17)

Project Development

Operations &
Maintenance

VIMS
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Nature-Based
Solutions

Resilience in Asset Management
•

Handbook on Integrating Resilience into Asset Management
o Developing asset inventory informed by natural hazard/vulnerability
assessments
o Identifying and managing risks
o Conducting life cycle planning
o Creating resilient investment strategies and financial plans

UK Highways Agency
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fhwa.dot.gov/asset/pilot

Integrating Resilience at a Project Level
Transportation Engineering Approaches
to Climate Resiliency (TEACR) Study:
• Case Studies
• Synthesis of Approaches for
Addressing Resilience in Project
Development
• Overall lessons learned for
engineering
• Coastal Hydraulics
• Riverine Flooding
• Pavements and Soils
• Mechanical and Electrical Systems
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HEC 17: Riverine Resilience
•
•
•
•
•
•
•
•
•

Floodplain Policy and Regulations
Typical hydraulic design methods
Nonstationarity
Climate Science and Modeling
Defining Risk
Evaluating over a range of events
Resilience Strategies
Analysis Framework (5 levels)
Case Studies

www.fhwa.dot.gov/engineering/hydraulics/pubs/hif16018.pdf
19

Resilient Transportation

SH 91 at Shawnee Creek, June 2015
Photo Credit: TxDOT

Replacement structure under construction
Photo Credit: TxDOT

Photo credit: NYCDOT

Photo credit: CO DOT

SH 37, Sonoma County
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Photo credit: US CBP
Photo Credit:
Metropolitan Transportation Commission

Resilient SR-37 Corridor Study

Photo credit: US CBP

Photo Credit: Sonoma County Transportation Authority

23 CFR 667 – Periodic Evaluations of Damaged Facilities
• States to evaluate
alternatives to mitigate
damage to roads and bridges
repeatedly repaired due to
emergency events
• All NHS roads, highways,
and bridges (Nov 23, 2018)
• All roads, highways, and
bridges (including non-NHS)
evaluated prior to inclusion in
a STIP (Nov 23, 2020)
2
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April 2017 flooding in Washington State, Credit: WSDOT

Q&A: https://www.fhwa.dot.gov/programadmin/23cfr667_qa.cfm

MPO Requirements for Transportation Planning
Planning factor on
resiliency, reliability, and
stormwater mitigation

Consult agencies responsible
for natural disaster
risk reduction

The metropolitan transportation
planning process shall be
continuous, cooperative, and
comprehensive and provide for
consideration and implementation of
projects, strategies, and services
that will improve the resiliency

In developing metropolitan
transportation plans and
transportation improvement
programs (TIPs), MPOs should
consult with agencies and officials
responsible for other planning
activities within the metropolitan
planning area that are affected by
transportation (including State and
local planned growth, economic
development, tourism, natural
disaster risk reduction,
environmental protection, airport
operations, or freight movements)
or coordinate its planning process
(to the maximum extent practicable)
with such planning activities.

Metropolitan transportation plans
shall include an assessment of
capital investment and other
strategies to preserve the existing
and projected future metropolitan
transportation infrastructure,
provide for multimodal capacity
increases based on regional
priorities and needs, and reduce

23 CFR 450.316(b)

23 CFR 450.324(f)(7)

and reliability of the
transportation system and
reduce or mitigate stormwater
impacts of surface
transportation.

23 CFR 450.306(b)(9)

Assess strategies to
reduce vulnerability to
natural disasters

the vulnerability of the
existing transportation
infrastructure to natural
disasters.
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State Requirements for Transportation Planning
Planning factor on
resiliency, reliability, and
stormwater mitigation

Reference emergency
relief and disaster
preparedness plans

The statewide transportation
planning process shall be
continuous, cooperative, and
comprehensive and provide for
consideration and implementation of
projects, strategies, and services
that will improve the resiliency

Long-range statewide transportation
plans shall reference, summarize,
or contain any applicable shortrange planning studies; strategic
planning and/or policy studies;
transportation needs studies;
management systems reports;

.

statements of policies, goals, and
objectives on issues, as
appropriate, that were relevant to
the development of the plan.

and reliability of the
transportation system and
reduce or mitigate stormwater
impacts of surface
transportation.

23 CFR 450.206(a)(9)

emergency relief and disaster
preparedness plans; and any

23 CFR 450.216(c)
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FHWA Research on Planning for Resilience
•

Workshops and peer exchanges (on going)

•

Fact sheet (January 2017)

•

White paper (May 2018)

•

Handbook (coming soon!)

Under Development

https://www.fhwa.dot.gov/environment/sustainability/
resilience/ongoing_and_current_research/planning/
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Typical Transportation Planning Process

Monitoring
and Reporting

Project
Development

Goals,
Objectives,
Performance
Measures, and
Targets

Problems
and Needs

Stakeholder Engagement Throughout
Planning Process
(Internal, External, and Public)

Solutions
Evaluation

Transportation
Plans

TIP/STIP
Other Studies
and Work
Plans
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Consider Resilience When Developing Goals,
Objectives, Performance Measures, and Targets
Reviewing existing
goals, objectives,
performance
measures, and targets
• Determine if natural
hazards and changing
future environmental
conditions will affect
existing goals,
objectives, measures
and targets

Establishing
goals
• Develop an informal
resilience goal
• Revise an existing
formal goal to
incorporate resilience

Establishing
objectives

Selecting performance
measures and targets

• Update existing
objectives to
incorporate resilience

• Develop performance
metrics and targets to
measure resilience

• Develop stand-alone
resilience objectives

• Develop a formal
stand-alone resilience
goal

The Madison Area Transportation
Planning Board in Madison, WI
has a goal to reduce the
vulnerability of the public and the
region’s transportation
infrastructure to natural hazards.

The Fayette Raleigh MPO in
Summersville, WV has objectives to
set aside funds for maintenance,
prioritize projects that upgrade
substandard infrastructure, and
improve stormwater management.

The Miami Dade Transportation
Planning Organization (TPO) in
Miami, FL measures the number of
highway lane and centerline miles
within FEMA’s 100-year floodplain.
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Consider Resilience When
Defining Problems and Needs
Reviewing existing
information

Conducting special
studies, as needed

• Identify known risks
and vulnerabilities due
to natural hazards and
changing future
environmental
conditions through
existing studies

• Conduct a natural
hazard exposure screen

The Northeast Ohio Areawide
Coordinating Agency (NOACA)
in Cleveland, OH developed a risk
assessment and a risk register as
part of the MPO’s asset
management program to better
understand the risks natural
hazards pose to transportation.

• Conduct a natural
hazard vulnerability
assessment

The Tri-Cities Area MPO in
Petersburg, VA used a regional
hazard mitigation plan to make the
decision to focus resilience efforts
on hurricane events because the
data showed that hurricanes,
tornadoes, high winds, and floods
often occur simultaneously.

Sharing special study
results with
stakeholders
• Share results with
internal and external
stakeholders and
members of the public

The Rockingham Planning
Commission in Portsmouth, NH
used a vulnerability assessment to
identify transportation infrastructure
located in areas potentially
impacted by projected sea-level
rise and hurricane storm surge.
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Consider Resilience When
Evaluating Solutions
Establishing
evaluation criteria
• Include resilience as a
topic in priority-setting
discussions
• Integrate resilience
into evaluation criteria

Maintain/Manage
Frequent, lowcost activities to
maintain assets
and infrastructure

Gathering relevant
strategies identified
in existing studies
or plans
• Gather information on
relevant resilience
strategies from
sources within your
jurisdiction

Releasing a
call for projects
• Encourage resilience
ideas in your call for
projects

Protect
Installing physical
protection
measures to
shield assets and
infrastructure

• Apply pre-established
evaluation criteria that
include resilience
considerations
• Prioritize resilience
solutions based on
urgency/importance
and implementation
feasibility

• Gather information on
relevant resilience
strategies from
sources relevant to
your context

Redundancy
Ensuring alternate
routes and backup
infrastructure and
systems

Evaluating and
prioritizing solutions

Accommodate
Changing plans,
design standards,
or other aspects
of transportation
operations

Relocate
Moving assets
and infrastructure
out of vulnerable
locations
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Consider Resilience When
Developing Transportation Plans
Determining policy and
investment priorities
• Include resilience
priorities in policybased transportation
plans
• Include resilience
considerations in the
criteria used for
comparing plan
scenarios

Developing the plan’s
financial assumptions
• Dedicate funding for
resilience
• Link desired resilience
improvements to
potential funding
sources

Developing baseline
and alternative
scenarios
• Ensure scenarios
include projects that
increase system
resilience

Evaluating scenario
impacts to select the
preferred alternative
• Identify vulnerabilities
in the preferred
scenario

The Hillsborough County MPO in Tampa, FL used the results of a vulnerability assessment to develop three 20-year
investment scenarios and to estimate the costs of different risk management strategies for sea level rise and hurricane
storm surge. The scenarios evaluated critically-at-risk infrastructure and locations, and the MPO used the results to select
investments for the long-range transportation plan.
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Consider Resilience When
Developing Other Studies and Work Plans
Developing short-term
work plans
• Integrate resilience
into short-term work
plans

Developing longer term
strategic plans or
capital investment
plans
• Integrate resilience
into long-term
strategic plans or
capital investment
plans

NOACA in Cleveland, OH
integrates resilience across its
Strategic Plan, Long-Range
Transportation Plan, Transportation
Asset Management Plan, and
Water Quality Strategic Plan.

Conducting corridor
studies or other subarea plans
• Integrate resilience
into corridor studies or
other sub-area plans

The North Jersey Transportation
Planning Agency (NJTPA) in
Newark, NJ integrated resilience
into its Regional Capital Investment
Strategy to outline investment
principles and guidelines for policy
direction and project selection.

Developing asset
management plans
• Integrate resilience
into asset
management plans

The Metropolitan Transportation
Commission in San Francisco, CA
prepared a corridor plan for State
Route 37 and included an
assessment on the impacts of sea
level rise and flooding.
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Consider Resilience When
Developing the STIP and TIP
Identifying
revenue and
funding sources
• Identify funds
available for
resilience
improvements

Developing the
methods for
identifying
project costs

Developing
criteria for
allocating
revenue

Developing a
project list
from the
transportation
plan

• Consider including
resilience
components as
part of estimating
project costs and
benefits

• Consider including
resilience criteria
into the
methodology for
allocating funding
and prioritizing
projects

• Screen projects to
identify facilities
repeatedly
requiring repair
and reconstruction
due to emergency
events

The Boston Region MPO in Boston, MA uses its own
interactive All-Hazards Planning application tool to assess
the exposure of TIP projects to flooding, hurricane storm
surges, earthquakes, and sea level rise.

Prioritizing
projects for
implementation
• Prioritize projects
using one or more
resilience
evaluation criteria

Fayette Raleigh MPO in Summersville, WV uses digital
mapping software to assess whether proposed projects
are in FEMA’s 100-year floodplain.
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Consider Resilience in
Project Development
Initiating project
planning activities
• Build awareness of the need for
resilience considerations in
project design

Initiating environmental
review process
• Provide relevant planning
documentation to streamline the
environmental review process

• Recommend natural hazard
exposure screening as part of
project initiation forms
• Discuss resilience at public
outreach meetings
• If appropriate, recommend
incorporating resilience into the
project purpose and need

The Miami Dade TPO in Miami, FL worked with stakeholders to develop a uniform set of standard resilience guidelines and
objectives for future transportation projects (e.g., account for sea level rise in the year 2025). Published in the Miami-Dade
County Comprehensive Development Master Plan, project engineers can reference these guidelines and objectives when
developing projects to ensure that all future investments meet the same uniform requirements.
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Consider Resilience When
Monitoring and Reporting
Monitoring existing
conditions and comparing
to the established goals,
objectives, performance
measures, and/or targets

Reporting on performance
and progress to
policymakers,
stakeholders,
and the public

• Track resilience over time to
ensure that progress is
being made and to identify
areas for improvement

• Report on performance of
resilience measures and
progress to policymakers,
stakeholders, and the public

NOACA in Cleveland, OH is establishing a steering
committee of local partners, the Ohio Department of
Transportation, FHWA, and local safety forces. The
steering committee will be responsible for developing
performance measures and targets and monitoring and
reporting progress on resilience strategies.

Identifying improvements
for the next cycle

• Integrate monitoring and
reporting results into agency
practices

NJTPA in Newark, NJ is part of Together North Jersey, a
coalition of almost 100 partners that has a regional vision
for resilience and other priority areas. The coalition’s
Resilience Task Force meets quarterly to discuss
progress on implementing resilience-specific strategies in
the North Jersey region.
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Consider Resilience in
Stakeholder Engagement
Identifying
champions

Enhancing internal
communication and
building support across
departments

• Identify a resilience
champion

• Delegate tasks
according to expertise

• Garner support from
leadership

• Plan for and schedule
collaboration efforts
• Set up committees

Coordinating with and
soliciting information
from external partners,
agencies, or
institutions
• Formal avenues of
coordination (e.g.
interagency
workgroups)

• Use avenues already
in place in your
agency
• Reach out to
vulnerable
communities

• Ad hoc avenues of
coordination
• Serve as a resource to
external stakeholders

The Miami-Dade TPO in Miami, FL
hosted a series of community
workshops for stakeholders to
prioritize eight goal areas for the
TPO’s 2040 long-range
transportation plan.

NOACA in Cleveland, OH surveyed
the Ohio DOT, FHWA, and local
cities and counties to rate the level
of risk for the natural hazards
identified in the MPO’s asset
management risk assessment.

Communicating
with the public

• Pursue creative
engagement
strategies

The Fayette Raleigh MPO in
Summersville, WV asked local
jurisdictions to identify flood-prone
transportation assets that the
MPO’s digital mapping analysis
might have missed.
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Typical Transportation Planning Process

Monitoring
and Reporting

Project
Development

Goals,
Objectives,
Performance
Measures, and
Targets

Problems
and Needs

Stakeholder Engagement Throughout
Planning Process
(Internal, External, and Public)

Solutions
Evaluation

Transportation
Plans

TIP/STIP
Other Studies
and Work
Plans
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Funding Eligibility for Resilience
FHWA Memorandum on Eligibility of Activities…
Extreme Weather…
https://www.fhwa.dot.gov/federalaid/120924.cfm
Example PL/SPR Activities:
• Conducting vulnerability
or risk assessments of
transportation assets
• Updating and digitizing
datasets on elevation or
other characteristics of
roads, highways, bridges,
etc.

Example STBG Activities:
• Consider extreme
weather events in project
development
• ROW acquisition and
construction to protect
assets
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TPCB
Transportation Planning Capacity Building
Planning.dot.gov
• Peer Events: on-line application
• Clearinghouse of research products, peer
exchange reports, resources
– One example under resilience:
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FHWA’s INVEST Tool
www.sustainablehighways.org
See criteria SPR-16 on Infrastructure Resiliency
1) Develop and adopt goals and objectives
2) Coordinate with partner agencies
3) Integrate vulnerability and risk assessment
information into planning documents
4) Develop and implement adaptation and resilience
strategies
5) Develop performance measures
6) Demonstrate sustainable outcomes
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Framework for Integrating Safety
Indiana’s Transportation Safety Planning Initiative
June 23/24 Virtual Workshop

1)
2)
3)
4)
5)
6)
7)

Include experts on planning committees
Collect and analyze data
Incorporate into the Vision, Goals, and Objectives
Consider relevant performance measures
Document in planning process
Establish as a decision factor for Plan and TIP
Monitor the system and adapt
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Framework for Integrating Safety
1) Include experts on planning committees
2) Collect and analyze data
3) Incorporate into the Vision, Goals, and
Objectives
4) Consider relevant performance measures
5) Document in planning process
6) Establish as a decision factor for Plan and TIP
7) Monitor the system and adapt
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THANK YOU!
Contact Information
•

Heather.Holsinger@dot.gov

•

Rebecca.Lupes@dot.gov

•

Corbin.Davis@dot.gov

•

Jim.Thorne@dot.gov

Website: https://www.fhwa.dot.gov/environment/sustainability/resilience/
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