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Importance of Resilience et

Federal Highway Administration

Climate change and extreme weather events are
disrupting transportation systems across the country

* Increased temperature
* More intense precipitation events
e Sea level rise in the past century and more recently

Impacts of climate change are being felt now, and will

accelerate significantly in the future.
—National Academy of Sciences and National Climate Assessment
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http://nas-sites.org/americasclimatechoices/
http://nca2014.globalchange.gov/
http://nca2014.globalchange.gov/

FHWA Order 5520 on Climate Resilience
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What is the purpose of this directive?

Does this directive cancel an existing FHWA directive?

What is the background of this directive?

What authorities govern this directive?

What s the scope of this directive?

What definitions are used in this directive?

What is the FHWA's policy concemning climate change and extreme weather event
preparedness and resiience?

What are the FHWA's responsibilites?

Where can | obtain additional guidance?

What is the purpose of this directive? The purpose of this directive is to establish the
Federal Highway Administration (FHWA) policy on preparedness and resilience to
climate change and extreme weather events. This directive further serves 1o implement
relevant provisions of title 23 of the United States Code (U.S.C). to comply with
Executive Order 13853, Preparing the United States for the Impacts of Climate Change
(EO 13653), dated November 1, 2013, and further the U.S. Department of
Transportation (DOT) Policy Statement on Climate Change Adaptation.

Dowes this directive cancel an existing FHWA directive? No. This is a new FHWA
directive

What is the background of this directive?

a8 Climate change and extreme weather events present significant and growing
risks 1o the safety, reliability, effectiven ess, and sustainability of the Nation's
transportation infrastructure and operations

b. The impacts of a changing climate (such as higher lemperatures, sea-level rise,
and changes in seasonal precipitation and tha intensity of rain events) and
extreme weather events are affecting the ifecycle of transportation systems and
are expected to intensify. For example, sea level rise coupled with storm surges
can inundate coastal roads that would nol have inundated in the past,
necessitate more emergency evacuations, and require costly. and sometimes
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FHWA Order 5520: Transportation
System Preparedness and
Resilience to Climate Change and

Extreme Weather Events

* Purpose: Establish FHWA policy and
responsibilities related to
preparedness and resilience to
climate change and extreme weather
events

* Issued jointly by Environment &
Planning, Infrastructure, Federal
Lands Offices

 Released: December 15, 2014

* Available on FHWA's website

CLIMATE
CHANGE




FHWA Efforts on Climate Adaptation © e

Federal Highway Administration

Integrate into FHWA programs / policies

* Risk based asset management NPRM (2/20/15)
Includes climate change risks

« FHWA funding can be used for climate adaptation
Memo (9/24/12)

 Emergency relief program manual includes climate

Research, Technical Assistance

« FHWA Adaptation Framework and Tools

« 19 FHWA Climate Resilience Pilots

o Gulf Coast Phase 2 Project

 Hydraulic Engineering Circulars 25 (Coast), 17 (River)
 Hurricane Sandy Follow-up Project

« Albuquergque Scenario Planning Project CLIMATE
* Engineering Approaches for Resiliency CHANGE
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http://www.gpo.gov/fdsys/pkg/FR-2015-02-20/pdf/2015-03167.pdf
http://www.fhwa.dot.gov/federalaid/120924.cfm
http://www.fhwa.dot.gov/federalaid/120924.cfm
http://www.fhwa.dot.gov/reports/erm/er.pdf

Transportation Agencies
Using FHWA Resources to Build Resilience

Transportation Agencies Using FHWA
Resources to Build Resilience

FHWA parinered with Z2 clmate resilience pilots in

two rounds as well as four cooperaiive progects in the
Guilf Coast, Mortheast, Soufheast, and New Mexico.
These 20 prejects are shown in the map below. In
total, at FHWA's katest count, 24 state DOTs and 30
MPOs have conducted sulnerahbility assessments of

the highway system io address climate change and
extreme weather events.

o State DOT Filot

MPO Filot

o Cooperative Projects
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In Albuguengue, New Mexico, FHWA parinered with the
MPO on a scenario planning process fo assess the mpact
of growth scenarios on cmate resilience and mitigaton,
along with other commaumity goals. The project analyzed how
different scenarios performed on development in wildfire risk
areas, development m ficod risk areas, water consumption.
and emissions lewels. During stakeholder workshops,
|participants discussad policies that would help achieve

a preferred scenario for the 2040 metropolitan

transporiation plan.

I0WA DOT

fowa DOT and local universities used global cimate models

and the state's hydrolpgical mode! io project future fiood
frequencies and identfy bridge and roadway wuinerabilibes in
fwo river basins. fowa plans to integrate the information into
its rea-time waming system fo protect the traveling public.

The resufts of the pilot may also influence guidelines for the
design of bridges and culverts on lowa's primary highways.

San Francisco's Metropolitan Transportation Commission
{MTL) analyzed options for protecting transportation
infrastruciure, including an artificial dune or living leves
north of the Bay Bridge iouchdown to protect the bridge.

i [l

In Texas, increases in heat wawes. widfires. and
droughts threaten ion. The MPO for Austn, —|

T identified areas where clay soils shrink during heat

wanes and drought. cracking pavements.

The Massachusetts Department of Transportation developed
lhigh resafufion computer modeling of coastal storm
imundstion and risks 1o the Central Artery highway tunnel
system in Bosion,

Phasa [ of the U5, DOT Guif Coast Study, completed in
20008, found that with four feet of sea level rise, 27% of
the Gulf Coast region’s major highways, 8% of rail fines,
and 72% of ports wouwld be inundated. Gulf Coast Phase
1l focwsed in-depth on Mobile, Alabama and developed
nationaily applicable toois.
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Mesw Jersey's 211 dimate plot analysis of which neads couid fiood
with higher sea levels and storm surge was unfornaiely vaidated
wihen Superstorm Sandy hit in October 2012, Following the siom,
FHWA parinered with fe ii-state region on & muli-ursdicions
wulnerabiity assessment and analysis of adaptation solufons for
partcuiarty wiinerable assetfs, such as the Hugh L. Carey Tunnel
and MJ 7. Photo shows fiood protection instalied by the Port
Authority of WY and M1

Tenmessee DOT conducted & mulimoda! winerabifly assessment
Landsides. fomades, and river flieoding (such as that shown above
n 2010), e risks.

Manyiand DOT used FHWA's Vuinerability Assessment
Scoring Tod! to priaritize clmate risks to bridges, culvers,
and road segments in two counties particularly exposed to
=ea kevel rise and storm surpe.
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Integrating Resilience S
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Goal: Mainstream i VO
consideration of climate B e
change vulnerability and risk _Skﬂl SepAN

In transportation decision ) ¢ RS :
making

e Systems Level: Transportation
Planning, Asset Management,
Operations, Maintenance

* Project Level: Environmental
Processes, Preliminary
Engineering, Design,
Construction

6 | Rebuilding to be more resilient in Colorado



Integrating Resilience at System Level: ()

US. Department of Transportation

Transportation Planning el gy it
FHWA Resources: —
Vulnerability Assessment Framework o e Anncuuar:Ouecrves sacr & Gunscrenz

* Sensitivity Matrix

e Criticality Guidance

« CMIP Climate Data Processing Tool

* Vulnerability Assessment Scoring Tool

g 2. ASSESS i om
Lessons Learned: | iy ) VULNERABILITY (St
* Vulnerability assessment aligns well

with transportation plan development
« Uncertainty is already an issue planners

Vulnerabilities

deal with )\ 3. INTEGRATE INTO DECISION MAKING
® C | I m ate d a_ta | S m O re read ab Iy u Sab | e at INCORPORATE INTO ASSET MIANAGEMENT IDENTIFY OPPORTUNITIES FOR IMPROVING
. INTEGRATE INTO EMERGENCY & RisK DatA CoLLEcTION, OPERATIONS OR DESIGNS
p I an n | n g Ievel MANAGEMENT Buip PuBLIC SUPPORT FOR ADAPTATION
. . CONTRIBUTE TO LONG RANGE INVESTMENT
® Scenarlo Plannlng proceSS can be TRANSPORTATION PLAN EpucaTe & ENGAGE STAFF & DECISION

AsSIST IN PROJECT PRIORITIZATION MAKERS

utilized to test potential impacts of future
climate scenarios

« Climate impacts are felt across the CLIMATE
country, including inland areas CHANGE



http://www.fhwa.dot.gov/environment/climate_change/adaptation/publications_and_tools/vulnerability_assessment_framework/index.cfm
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task4/index.cfm
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task4/index.cfm
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task4/index.cfm
http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task4/index.cfm

Integrating Resilience at System Level: ()

U.S. Department of Transportation

Transportation Planning vy e

More FHWA Resources:
e Scenario Planning —
Cape Cod and
New Mexico reports

Less
development :
- in wildfire risk "5
Example areasinthe -~ 4%
e In Albuquerque, New preferred
. scenario. ¢ “
Mexico, FHWA partnered W s
with the MPO on a XA

scenario planning process
to assess the impact of
growth scenarios on
Cllmate reSIIIence and Change in Development (2040 Preferred - 2040 Trend)

mitigation, along with other B [ T e

Community goaIS <1000 800 600 400 200 O 200 400 600 800 =1000

Wildfire Risk

f Major Roads : Project Boundary
—_— ngh

—+—+ Railroads D Counties 8

Low


http://www.fhwa.dot.gov/environment/climate_change/adaptation/publications_and_tools/cape_cod/
http://www.volpe.dot.gov/transportation-planning/public-lands/central-new-mexico-climate-change-scenario-planning-project

Integrating Resilience at System Level: ()

U.S. Department of Transportation

Asset Management i s e

FHWA Resources:

 FLMA Southeast Region Climate
Change Transportation Tool

 Managing External Threats
through Risk-Based Asset
Management

Examples:

 Federal Lands Highway integrated
data sets on transportation asset
management and climate effects for
all of the National Parks and Wildlife
Refuges in the southeast region.

 Tennessee DOT conducted a
multimodal vulnerability assessment
for the state to obtain key
information for its risk based asset
management plan.

2010 flooding in Nashville, TN. Nashville MTA.


http://www.fhwa.dot.gov/environment/climate_change/adaptation/case_studies/southeast_region/index.cfm
http://www.fhwa.dot.gov/environment/climate_change/adaptation/case_studies/southeast_region/index.cfm
http://www.fhwa.dot.gov/asset/pubs/hif13018.pdf
http://www.fhwa.dot.gov/asset/pubs/hif13018.pdf
http://www.fhwa.dot.gov/asset/pubs/hif13018.pdf
http://www.fhwa.dot.gov/asset/pubs/hif13018.pdf

Integrating Resilience at System Level:

Asset Management

Lessons Learned:

Data integration, availability an
ISSue in many areas, condition,
location, as-builts, LIDAR, etc.
Need to tap and integrate
maintenance staff expertise,
records of historic events
Climate change, extreme weather
iIncluded as risks in DOT’s MAP-
21 transportation asset
management plans

Climate change will affect decay
functions, service life of assets
(e.g. effects of increased
freeze/thaw on pavement)

Asset capability

R

US. Department of Transportation
Federal Highway Administration

Maintanance cycla

{(without climate change)
Maintanance cyde
(with dimate change)

/ \ Intervention threshold

Intervantion thrashold (without climate change)
(with climate change)

-

Time

UK Highways Agency, Climate Change Adaptation
Strategy and Framework.

10



Integrating Resilience at the Project Level: Qo

Project Development and NEPA S

Portland-Milwaukie
Lessons Learned:

« Coming up more as an issue in Alternative a0d Mimimum
PD/NEPA Ntmmbasini

« No requirement at Federal Level _____:':

e Some States require in State-level AT No—
environmental review 5 E'm

e Can use NEPA process to sort out MOS Pack.and e
importance/relevance of issue, e o W
scoping, include in PE for T s
alternatives, consider in affected s
environment

e CEQ guidance looms, but drafts
have been fairly consistent e e

FHWA Resources: i

* NEPA Case Study ' .

e Upcoming NEPA Guidebook for N
Relating Climate Change Effects to i) -
Project Development g S

——ue ©

Examples:
. . . ) Locally Preferred Alternative for the Portland-Milwaukie
« Portland-Milwaukie Light Rail Light Rail Project

11


http://www.fhwa.dot.gov/environment/climate_change/adaptation/case_studies/portland-milwaukie/index.cfm

Integrating Resilience at the Project Level: ()

Design

US. Department of Transportation
Federal Highway Administration

FHWA Resources:

11-Step Process for Engineering
Transportation Assets to be more
Resilient

* HEC-25 Vol 2 Highways in the Coastal
Environment: Assessing Extreme
Events

« Culvert Mgt. Case Studies

* Upcoming update to HEC-17: Riverine

Examples:

e US DOT'’s Gulf Coast 2 study:  11-
step process to analyze options for
making a set of assets more resilient to
climate change

* Inthe MASSDOT Boston Harbor
Climate pilot, many of the sophisticated
coastal modeling techniques using the
ADCIRC surge model were based on
techniques in the US DOT Gulf Coast 2
Study

Possible Future Flood Depths in Mobile, AL with Rising Sea Level

ADCIRC Depth Range

Greater than 10 Meters Deep
B te 10 Meters Deep
Gt 8 Meters Deep

4 to & Meters Deep

2to 4 Meters Deep

Less than 2 Meters Deep

: @  Critical Airports

@  Critical Transit Facilities
City Limits

Study Area (Mobile County, AL}
—— Critical Roads
Less Critical Roads
= Critical Rail
Less Critical Rail
= Critical Pipelines
—— Less Crtical Pipelnes
Other Roads
~ Other Rails 1 -



http://www.fhwa.dot.gov/environment/climate_change/adaptation/ongoing_and_current_research/gulf_coast_study/phase2_task3/task_3.2/task2phase3.pdf
http://www.fhwa.dot.gov/engineering/hydraulics/library_arc.cfm?pub_number=192&id=158http://www.fhwa.dot.gov/engineering/hydraulics/library_arc.cfm?pub_number=192&id=158
http://www.fhwa.dot.gov/asset/pubs/hif14008.pdf

Integrating Resilience at the Project Level: Qo

D es | g N US. Department of Transportation

Federal Highway Administration

Lessons Learned:

* Assets that score high in
vulnerability screens may turn out
differently after detailed engineering
analyses considering built-in
resilience, design forces and
damage thresholds.

* General process for engineering
analyses can be applied to a wide
variety of asset/stressor
combinations.

 Limitations on applicability of climate Culvert in Mobile, AL would be overtopped by
model outputs to engineering design 25-yr rainfall under wetter climate change
inputs needs to be carefully projections, flooding road and nearby Interstate .
examined (scales of data, ranges of Option 1: add cell to each side of culvert ($1.7
data, historical data vs. future model million cost, $6 million benefit).
projections). Methods to incorporate Option 2: replace with largest crossing that will
uncertainty and risk should be (52.5 million cost, $6.5 million benefit)
explored.

 Economic analyses useful in comparing adaptation options. Careful scoping critical.
13



Integrating Resilience at the Project Level: ()

D es | g N US. Department of Transportation

Federal Highway Administration

Lessons Learned:
« What your neighbors do or do not : Lomcate /)
do to adapt matters. S

« Solutions can be incrementally
applied over time. Start with low
cost, no regrets

« Climate considerations need to be
integrated with traditional stressors
(e.g. age, condition, traffic levels,
urbanization, etc.).

* Wed design/maintenance
information to GIS and asset mqgt.
systems (e.g. FHWA Culvert Case on |-10 in Alabama to future storm surge,
Management Study) FHWA modeled critical flow velocities and

. Money spent on analyses can depths associated with variations on
save even more money in historical storm events like Hurricane Katrina.
materials costs of adaptation... be
ready with alternatives post
disaster.

In this analysis of vulnerability of underpasses

14
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Next Steps for FHWA S

Federal Highway Administration

Digest:

* Analyze results of multiple
research projects

e Assess impact on existing

guidance

Revise:

*  Vulnerability Assessment
Framework

e Planning, NEPA, Engineering
guidance

e Funding eligibility guidance

Create:

* Engineering guidance based on
engineering assessment studies

e Complete research on
hydrologic/hydraulic effects of
climate

 New training

Integrate:
* Implement Order 5520

Source: WSDOT 15
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Upcoming Events oo

FHWA Webinar Series:

Building a Climate Resilient Transportation System
Results/lessons learned from Gulf Coast 2 and FHWA Climate
Resilience Pilots (February-April)

International Conference on Transportation System
Resilience to Climate Change and Extreme Weather

Events
September 16-18, 2015
National Academy of Sciences Building, Washington, D.C.

CLIMATE
16 CHANGE




Thank You! Q o

Federal Highway Administration

Visit:
www.fhwa.dot.gov/environment/climate change/
Sign up for Email Updates.

CLIMATE
CHANGE

Adaptation FHWA — Environment

Mitigation cl Upcoming Events
imate Change

Newsletter « Webinar Series: Building

Contacts Climate change impacts, such as more frequent and intense heat waves and flooding, threaten the a Climate Resilient

Transportation System

considerable federal investment in transportation infrastructure. FHWA is partnering with state and (2/10/15-3/10/15)

local transportation agencies to increase the resilience of the transportation system to these impacts.
FHWA has a number of tools and resources available under the adaptation tab at left.

In addition, with over a fourth of the dimate change causing greenhouse gas (GHG) emissions in the  |Rsiib arcie=cd

U.5. coming from the transportation sector, FHWA is committed to reducing GHG pollution from i d h
Feedback vehicles traveling on our nation's highways. FHWA resources for developing effective GHG reduction * g“Taiﬁafg‘f;fl‘g)' AIEEE
strategies for transportation are available under the mitigation tab at left. !

ﬁ Sign up for Climate
~ Change & Sustainability
updates.

For more information, please
contact Michael Culp.

=+ Geospatial Viewer
(1/22/15)

U.S. DOT Gulf Coast
Study, Phase 2 -
Engineering and Tasks
Case Studies (1/22/15)

Adapting to climate changes already underway, while reducing GHG emissions to lessen future
impacts, are both critical to FHWA's goal to improve highway system performance - particularly its
safety, reliability, effectiveness, and sustainability.

For background on climate change, see the National Climate Assessment.

Maore...

Photo Credit: MN DOT Photo Credit: NY MTA Photo Credit: FHWA

Updated: 10/30/2014

Contact: Mike Culp, Team Leader, Michael.Culp@dot.gov
Or team members Tina Hodges, Heather Holsinger, Rob
Hyman, Rob Kafalenos, Rebecca Lupes

CLIMATE
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http://www.fhwa.dot.gov/environment/climate_change/
mailto:Michael.Culp@dot.gov
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