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Introductions

 What is your name?
 Where are you from?

 What role do you have in your
agency?

 What do you hope to get out of
today’s session?

hola




Session Logistics and Outcomes

* Please ask questions and interrupt us
This session is for you
e Qutcomes:

You will have outlined an approach to planning
level vulnerability assessment for your community

You will be aware of FHWA tools
You will have learned from your peers



|. Introductions

Il. What is Resilience?

lll. Vulnerability Assessments and Adaptation Options
I\VV. Project-Level Case Studies

V. Integrating Resilience into Decisionmaking



What resilience risks are you worried
about?

What keeps you up at night?



What is Resilience?



What is resilience?

Resilience: the ability to anticipate, prepare for, and adapt to
changing conditions and withstand, respond to, and recover rapidly from

disruptions

Adaptation: adjustment in natural or human systems in anticipation
of or response to a changing environment in a way that effectively uses

beneficial opportunities or reduces negative effects




Importance of Resilience
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https://www.flickr.com/photos/cbpphotos/36762897416/in/photolist-Y1BsAU-WUZWiq-WWxbfW-WXgLgM-XRAGLj-Xxd1fQ-Y1A5ch-YrBR32-XZNMQL-Yi5nqx-Yh3WRa-Xgemq7-Y7F6jR-Y1Aqc7-XZNMUy-Y2Tbec-Yh3PTx-XW2f7w-XghXx5-XVAsiN-Yjx7ra-WUJMn8-Y9dGvz-Y2Tama-Y1XbHh-X3CQWY-XZNMPJ-XVWuGe-X4HzoX-YfsZQm-XghYs1-WX3VcD-Y5sxHr-Y9dHZg-Y5MtUM-X4K8SH-Yh3S3H-WYPrYK-XiivZM-XZNN6f-Y5M3kF-XgemTw-Yh3XcR-X4nfep-YjBaPK-XJ5Qa7-X4FrTF-X5Z6Le-Y5YVQT-YibNXx/
https://www.flickr.com/photos/39955793@N07/23543368528/in/photolist-BSrVe3-ZgcwLU-Y1HfPJ-C9p8id-XU1eDK-XTVDvU-BR3hZS-BSxUFC-XQwiLh-ZjjYw8-BXojWS-YWD8oB-Zjb3Wi-XCPbBA-Zjb47P-Zjb3dz-YTTx2Q-YTL3Xy-YTTwNy-BZvPYo-YS2T2W-YE1huE-XSH1Vj-YRCdbj-YzNrej-YefxSd-XShX4E-Z1GDeA-BR3jfs-XPiibS-XQbWjr-XYFic4-Ca8HG9-YWfseA-BZB4NC-YKvZcc-BPEFay-BQNDzC-XTXtXm-YTTwYd-YUrpYJ-ZeLPcu-XGFTdM-YMWts9-YQEUZS-YMMQaq-BZBTSJ-YzT2WN-Z4LmSp-YSTqphhttps:/www.flickr.com/photos/39955793@N07/23543368528/in/photolist-BSrVe3-ZgcwLU-Y1HfPJ-C9p8id-XU1eDK-XTVDvU-BR3hZS-BSxUFC-XQwiLh-ZjjYw8-BXojWS-YWD8oB-Zjb3Wi-XCPbBA-Zjb47P-Zjb3dz-YTTx2Q-YTL3Xy-YTTwNy-BZvPYo-YS2T2W-YE1huE-XSH1Vj-YRCdbj-YzNrej-YefxSd-XShX4E-Z1GDeA-BR3jfs-XPiibS-XQbWjr-XYFic4-Ca8HG9-YWfseA-BZB4NC-YKvZcc-BPEFay-BQNDzC-XTXtXm-YTTwYd-YUrpYJ-ZeLPcu-XGFTdM-YMWts9-YQEUZS-YMMQaq-BZBTSJ-YzT2WN-Z4LmSp-YSTqph
https://www.flickr.com/photos/docsearls/2638910183/in/photolist-oY5g6v-egfT2o-YjEewR-xepcsh-nmirHS-53RuU9-3BPAsc-3BwZv7-3Fm2mn-5ECQ1S-5ECQcA-5ECQid-5ECQpQ-5EywBc-5EywrB-5ECNUm-52c74r-5ECQn7-5ECPsU-5Eywt4-5EyvRR-5Eywqe-5Eyue6-5ECNXS-5Eyuii-5ECPkU-yQUe36

Why Consider Changing Conditions?

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

8°F
1 hotter

Lifespan of a typical major transportation project

i

e 3 .
downpour

Sea level rise

Senvice life

ti' Engineering, design J_, Facility Service Life lJ_'I
beyond design

and construction

Project concep
and planning

Impacts of a changing climate are being felt now, and will accelerate
significantly in the future.

— National Academy of Sciences and National Climate Assessment



http://nas-sites.org/americasclimatechoices/
http://nca2014.globalchange.gov/

Climate Resilience Policy

USDOT FY 2018-22 Strategic Plan:
“DOT will increase its effectiveness
in ensuring that infrastructure is
resilient enough to withstand
extreme weather”

 FHWA Order 5520 commits FHWA
to integrating climate risk
consideration into programs

* Climate resilience eligible for
FHWA funds

« Emergency relief program
guidance encourages cost-effective
resilience strategies

o -


https://www.fhwa.dot.gov/federalaid/120924.cfm

Vulnerability Assessment and Adaptation

Framework, 3 Edition

| | VULNERABILITY ASSESSMENT AND
* Provides an in-depth and ADAPTATION FRAMEWORK

Stru Ctu red p rocess fo r SET OBJECTIVES AND DEFINE SCOPE

conducting a vulnerability

assessment.

COMPILE DATA

 Features examples from S E——

assessments conducted ASSESS VULNERABILITY )

n ati O nWi d e - -C;EJ kehold Indicator-Based Engineering- %‘

E Consider Risk g

* |ncludes links and
references to related
resources and tools.

ANALYZE ADAPTATION OPTIONS

Multi-Criteria Analysis Economic Analysis

INCORPORATE RESULTS INTO
DECISICN-MAKING

Transportation Planning
Environmental Review
Engineering Design
Transportation Systems Management and Operations
Asset Management



VULNERABILITY ASSESSMENT AND

ADAPTATION FRAMEWORK

SET OBJECTIVES AND DEFINE SCOPE

Articulate Define Study cilelect an.d Identify Key Climate
Objectives Scope IR Variables
Relevant Assets

COMPILE DATA

Asset Data Riverine Hydrology

Temperature & Precipitation Projections ~ Coastal Hydrology

ASSESS VULNERABILITY
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ANALYZE ADAPTATION OPTIONS

Multi-Criteria Analysis Economic Analysis

INCORPORATE RESULTS INTO
DECISION-MAKING

Transportation Planning
Environmental Review
Engineering Design
Transportation Systems Management and Operations
Asset Management



Vulnerability Assessments



Vulnerability Assessment

A starting point for identifying and assessing
resilience concerns

* Where are your highest risk locations?

* How might future changes in climate impact
your transportation system?



Vulnerability

) < 4

Adaptive

Sensitivity Capacity

Vulnerability

Vulnerability is a function of
a transportation system’s:

— exposure to extreme
weather and climate effects

— sensitivity to climate effects,
and

— adaptive capacity.

Risk considers the probability that
an asset will experience a
particular impact and the severity
or consequence of the impact



Set Objectives and Define Scope

First, what do you want to
VULNERABILITY ASSESSMENT AND find out?
ADAPTATION FRAMEWORK NG out:
— What type of agency
decisions or actions

should the assessment
inform?

— What is motivating the
need for the assessment?

— What level of detail
(spatial, geographic, and
temporal) is required?

— What results or products

are needed and how will
they be used?

SET OBJECTIVES AND DEFINE SCOPE




Selecting & Characterizing Relevant Assets

SET OBJECTIVES AND DEFINE SCOPE

A obl Select and - :

Articulate : e !" i Identify Key Climate

—~ Lnaracienze N

Oblectives - : Variables
Relevant Assets

Selection Factors :
— Jurisdictional
— Geographic
— Representative
— Repeatedly impacted
- Stage of life
— Most critical
— Existing and planned assets



Selecting & Characterizing Relevant Assets

Metropolitan Transportation
Commission (MTC):
Representative Assets

* First study: Selected three
representative assets from
each category:

— Road network
— Transit network

— Bicycle and pedestrian
network

— Storage, operations and
maintenance, and control
facilities

Source: MTC

 Second study: Chose three
focus areas and developed
adaptation strategies.



Selecting & Characterizing Relevant Assets

Tennessee DOT: Critical Assets

- Critical asset defined as “any LT morme s
portion of the transportation | e S
system without which there would
be an immediate, direct, and
substantial disruption to the
transportation system at the local,
regional, or national level.”

« Assigned degree of criticality:
— Critical
— Important
— Other

« Verified with regional stakeholders



Identifying Key Climate Variables

SET OBJECTIVES AND DEFINE SCOPE
Articulate I:‘:*'d::';[ dentify Key Climate
Objectives F-‘.-.:~|-;- 7 ;::1 R .5431-5. Variables

What climate variables will you study?

— Examples: temperature, precipitation, sea level,
storm surge and waves, streamflow, and drought.

— Also might consider other non-climate hazards such
as earthquakes and tsunami waves



Sensitivity Matrix

* Spreadsheet tool. Matrix with info by asset and climate stressor:
relationship, thresholds, indicators, key sources, notes and examples

» Assets covered: rail, ports & waterways, airports, pipelines, bridges, roads
and highways

» Climate stressors: temperature, precipitation, sea level rise, storm surge,
wind, drought, dust storms, wildfires, winter storms, freeze/thaw, permafrost

Retum to Table See References . Airports and Ports and Oil and Gas D
of Contents Bridges Rail . A
Heliports Waterways Pipelines
Roads and Highways
- Physical Infrastructure Semvice. Access. Maintenance. and Operations
) Information -
TR Tupe Paved Roads [Surface and Subsurface] Unpaved Roads Slormva_lel Dlal_nage e, Signals and Signs (iteerd] S
Side Drains. etc.)
High temperat
Sustained high temperatures can cause asphalt concrete pavement to saoften as engine and
resulting in rutting and shoving, Concrete pavement can heave at the joints, When truck operatio
high heat is accompanied by drought conditions, asphal concrete pavement can vehicles [OFC
Relationship crack making it more vulnerable to water when it does rain. Asphalt binder is Mo documented relationship. Mo documented relationship. Mo documented relationship. increasing ext
designed to withstand temperatures up to a certain threshold. Incremental reaction time
temperature increases up until that point are not likely to cause much damage increase was
[Heitzmar, 2010). accidents (Ko
1330).
hat stress be
Thresholds vary depending on pavement design. Pavement binder may exhibit more critical 2
sensitivity beginning at 105 F ., particularly if combined with truck traffic ('Watsan, haurs that raa
20100, Inthe PqBd-22 grade, the number B4 stands for the average T-day high TOF, aperatic
Thresholdis] pal.le.-ment.temperature [consecutive days] 20 mm b.elow the surface.. Th.e Nat spplicable. Mot applicable. Mat spplicable. o
relationzhip between that temperature and the ambient temperature is given bu the Implications to
fallowing equation: T20mm = (Tair - 000513 a2 + 02283 lar + 42.2] [0.9545] - [zombined ten
Increased 17. 78 hdrans Tis ewpressedin C and the |atitude iz in degrees. LatZ means be at least 105
Temperstures and latitude squared [ atson, 2000). MinimLIm is arg
Extreme Heat 2008)
Although aggregate is not sensitive to temperature, it caninfluence the zensitivie
of the overall hot mix asphalt paving. For example, more angular aggregate ma: . " " S
Indicatorls) helpto prevent rutting, Ehichi:an rgesult from h::g‘;h temperatﬂres [ng?tzn?an, 201’3: Mat applicable. Mt spplicatle. Mat pplicatle. Infarmation fim
Anderson et al., 2003).
Kew Source(s] Heitzman, 2000; ' atson, 2000; Anderson et al., 2003 Mat applicable. Mat spplicable. Mat applicable. Infarmation lim
Mabile County currently does not experience a lot of damage dus to pavement
during extreme heat spells when the temperature can remain hd

3 Overview



EXERCISE #1
SET OBJECTIVES AND DEFINE SCOPE

What do you want to find out?



Compile Data

VULNERABILITY ASSESSMENT AND
ADAPTATION FRAMEWORK

COMPILE DATA

Asset Data

Climate Data

Asset Data Riverine Hydrology

Temperature & Precipitation Projections ~ Coastal Hydrology




Compiling Asset Data

Types of Data:
— Age of asset
— Design life and stage of life
— Geographic location
— Elevation information

— Current and historical
performance and condition

— Level of use
— Replacement cost

— Maintenance schedule and
costs

— Evacuation routes

— Emergency
management/response costs

— Occ_:urrence/location of
maintenance events

— Structural design

Puerto Rico DTOP
Aciwol

Carretera identificada
Municipio

Ubicacion

Longitud del segmento

Mayasuez

[PE, Coordenadas,sistema de coordenadas,

153.3-153.5

iEsta ubicado en area costera [fren No

Tipo de facilidad

Otro tipo de Facilidad
Importancia de la fFacilidad
Otra importancia de la facilidad

Carretera Estatal

[Ctro-=indicar)

Alto transito

Coneccion importante

Uso del suelo cercano a la Facilidad Residencial

Otro
Tipo de evento de afectacion

Otro tipo de evento de afectacion

Frecuencia de la afectacion

Magnitud de la afectacion

Edad de la infraestructura

Vida remanente

Elevacion

Miamero de reparaciones por ano
Tipo de reparacion comin

Costo aproximado reparaciones
Ao de la altima reparacion
iCuales son las acciones de
contingencia que comUnmente se
realizan frente a un evento de
afectacion de esta

Comentarios adicionales

[Otro-=indicar)

Inundacion urbana

[Ctro-=indicar)

Entre 2 a 4 veces al ano

Reduccion de |la capacidad sincierre

[En ARos)

[En metros)

[Indicar en niumero)

Mantenimiento temporal

10,000

[

Zelimpianlas areas aledafas en el moment

[F awor agregar sitiene comentarios adicionals
actival
-




Compiling Climate Data

« Climate data and projections:
— Temperature & precipitation
— Riverine hydrology

— Coastal hydrology (sea level rise and storm surge)



Temperature and Precipitation Projections

Puerto Rico Puerto Rico:

Climate « 1.4 to 1.6 C since 1900
Change . 2 - 5C additional projected by
Council

(PRCCC). 2100.

2013. * 37% increase in very heavy

precipitation, 1958 to 2007

« San Juan: 15% increase in #
rainfall events greater than
7/8mm (3in) in 24 hrs. from
1955 to 2009.

« Downscaled data not
readily available for the
territories

« Puerto Rico has developed
its own climate report


http://pr-ccc.org/download/PR%20State%20of%20the%20Climate-FINAL_ENE2015.pdf

Sea Level Rise Data for Puerto Rico

U.S. Army Corps of Engineers EC 1165-2-212
Relative Sea Level Rise Scenarios for San Juan, PR

1.0
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“Based on this information and future projections for sea level rise the PRCCC
recommends planning for a rise of 0.5-1.0 meters by 2100.” 27



Aeropuerto de
lalsla Grande

Santurce

Tl ..-"/f. &



PRCCC recommends
planning for 0.5 to 1.0m
sea level rise by 2100

Map developed using Puerto Rico Climate Change Council Coastal Vulnerability Viewer 29
http://pr-ccc.org/prccc-coastal-vulnerability-viewer/



http://pr-ccc.org/prccc-coastal-vulnerability-viewer/

RSLC in feet

Sea Level Rise Scenarios for Gu

NOAA et al. 2017 Relative Sea Level Change Scenarios for : APRA HARBOUR

10
)
8
]
6
4
2 - .
i |
. s : ?

0 m—— — b .

dm

—e— NOAA2017 Extreme
—e— NOAAZ2017 High

=& NOAAZ2017 Int-High
—e— NOAA201T Intermediate
—e— NOAAZ2017 Int-Low
—e— NOAAZ201T Low

—o— NOAA2017 VLM

2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Year

US Army Corps of Engineers Sea Level Rise Calculator:
http://corpsmapu.usace.army.mil/rccinfo/slc/slcc_calc.html



Assess Vulnerability

ASSESS VULNERABILITY

Consider Rlsk
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e mssn || I T@MeEWOrk describes three approaches:
~ 1. Stakeholder Input

2. Indicator-Based Desk Review

3. Engineering-Informed Assessments



Stakeholder Input Approach

* Relies on institutional knowledge to identify
and rate potential vulnerabilities

* Results are highly dependent upon:
— the quality of facilitation,
— composition of attendees, and
— level of participation from experts

* Can help to create ownership and engagement
among staff



Stakeholder Input Approach: WSDOT

T,

Laag

DRAFT

FOR PLANNING ONLY
Not suitable for site specific use

¥

Climate Impacts
Vulnerability Assessment
Statewide Results

State Routes
A4 Low Vulnerabilty
% Moderate Vuinerabiity
—£% High Vuherabilty
State Airports
®  Low Vulerablty
%  Moderate Vuinerabiiity
State Ferry
B8 Low Vuherabilty
Wl High Vulnerability

State Rail

High Vulnerabilty

November 30, 2011

NOTE St et s Sl -
s iy

B A

- 0
Washington state
W/ Dosariment of Tansportation

(Source: Washington State DOT)



Stakeholder Input Approach: Oahu MPO

Impact to Society from:

Asset Overall Value Storm Surge Sea Level Rise Heavy Rain/Storm Events
Honolulu Harbor Moderate Low Low
Honolulu International Airport

TheBus
High I L Ls
(811 Middle Street) = o o oW
Oahu Baseyard .
. Ls Ly High L
(727 Kakoi Street) o o e oW
Honolulu International . .
. High High Low Low
Airport and Access
Kalaeloa/Barbers Point
Kalaeloa Airport Low Low High Low
Campbell Industrial . .
Park High High Low Low
Kalaeloa Barbers Point . .
Harbor High High Low Low
Three Waikiki Bridges Moderate High High Low
Farrington Highway \ . .
on Waianae Coast High High High Low

« Held 2 day interagency workshop to select assets for further study
« Performed qualitative risk assessment on each asset

* Low budget

« Emergency management and interagency collaboration focus

34



Assess Vulnerability

ASSESS VULNERABILITY

Consider Rlsk
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e mssn || I T@MeEWOrk describes three approaches:
~ 1. Stakeholder Input

2. Indicator-Based Desk Review

3. Engineering-Informed Assessments



Indicator-Based Desk Review Approach

Range of Values Across

« Uses quantitative data to serve
as indicators. e o oo " e | s

Sensitivity

% change in design flow
_ R -18% -78% 2375% 98 60% 58.5
required for overtopping

® D e e I O a n O e ra | | Channel condition rating 6 - - 50 15% 7.5
V p V Culvert condition rating 5 - - 50 25% 125

f—_— Sum of Sensitivity Variable Scores: 78.5
vulnerabil Ity score for each sty et |
Final Sensitivity Score: 25.9
" " Exposure
a SS e y We I g I I l g a I l stream velocity 7.01 0.74 37.53 17 20% 3.4
Previous flooding issues 1 0 1 100 35% 35
| ] L]
CO m b I n I n th e ex os u re Belt width to span length ratio 3.68 0.32 209.24 2 10% 0.2
, % forestland coverindrainage
1.85% 0.00% 91.23% 2 10% 0.2
area
- - - - % ofdrainage area not lakesand
99.91% 97.71% 100.00% 96 10% 9.6
wetlands
, % drainage area urbanland
4.00% 0.00% 53.52% 7 15% 1.1
n cover
capacity scores
[
Exposure Weight: 33%
Final Exposure Score: 16.3

Adaptive Capacity

* VAST is a spreadsheet toolto [z [om | o Lam | o [ |

Heavy Commercial Average

. . . Daily Tra fiic (HCADT] 610 5 5,500 10 25% 2.6

assist with the scoring process | P T R R PR
Flow control regime 0 0 1 [} 5% 0

Sum of Adap. Cap. Variable Scores: 7.8

Adaptive Capacity Weight: 33%

Final Adaptive Capacity Score: 2.6

OVERALL VULNERABILITY SCORE: 45




Indicator-Based Desk Review Approach:

South Florida

Exposure indicators:

i. Percentage of the segment
permanently inundated by 1, 2, or 3
feet of SLR by 2100

ii. Current “flood inundation exposure
index”

iii. Future “flood inundation exposure
index”

Sensitivity indicator:
i.  Substructure condition rating

Adaptive capacity indicators:
i.  Average annual daily traffic
ii. Detour length
iii. Tri-Rail ridership

Vulnerability ratings for roads and rail track
in Miami-Dade County (Source: Broward Mlgb).



Indicator Approach:

Vulnerability Assessment Scoring Tool (VAST)

Select Climate Stressors and
Asset Types

 User makes decisions,
enters information at
each step

Enter Specific Assets

« Tool provides step-by- i . ot ot

Browse and select

step guidance through i T e P e
the prOCeSS Collectclimate data === (Collect assetdata sy Collect asset data

Review and adjust Review and adjust ) Review and adjust
scoring scoring scoring

* |ncludes a database of
proxy indicators

Step & Full Vulnerability Results

Vulnerability Dashboard

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



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

Indicator Approach:

Vulnerability Assessment Scoring Tool (VAST)

Asset location relative to hazards

Exposure

Facility Condition Index

Pavement Type

Asset Material

Remaining Service Life

Pavement Condition Rating Sensitivity Vulnerability

Scour Criticality

Movable Components

Current Replacement Value

Historic Status

Adaptive Capacity

Asset Priority Index

W N
|

Detour Length
7




Assess Vulnerability

ASSESS VULNERABILITY

Consider Rlsk
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e mssn || I T@MeEWOrk describes three approaches:
~ 1. Stakeholder Input

2. Indicator-Based Desk Review

3. Engineering-Informed
Assessments



Engineering Informed Assessment: ADAP

2. derety Adaptation Decision-making

existing or future climate
base case facility stressors

the site context

S Assessment Process (ADAP)

No - -
1. Understand Site Context

No Yes

2. Document Existing Facility

A. Use readily-
available data

B. Use surrogate C. Develop
methods or detailed
sensitivity tests projections

Identify climate stressors

5. Assess performance of the facility

1
1
]

o

-

Develop climate scenarios

Is exposure
projected to rise?

No

<

Assess performance of facility

Analysis
complete

Are design

criteria met? 6. Develop adaptation options

! Revisit analysis in future

-,
1
[}

No

6. Develop adaptation options No 7- Assess their performance

Are costs of . .
adaptation small? 8. Conduct economic analysis

Yes

11. Develop a 9. Evaluate 7. Assess 9. Evaluate additional ConSiderationS

facility mgmt. additional performance of
Plan considerations adaptation options

10. Select course of action

10. Select a 8. Conduct an
course of economic

action analysis

11. Develop facility management plan



Engineering Informed Assessment:

Coastal Hydraulics

Sensitivity to Climate Change

- Extreme water levels due to sea
level rise and storm surge can
damage coastal assets by:

«  Wave attack
« Overwashing/overtopping

FDOT photo « Shoreline erosion/recession
& «  Wave runup
= A - Waves on surge

Coastal Climate Change Adaptation Measures.
Source: SCE (left); FDOT (right)

42



HEC-25 - Coastal Guidance

HEC-25, Volume 2: Highways in the

() Coastal Environment: Assessing Extreme
s Doputmentor s e 24Vl Events
R ' * How to incorporate extreme events
G and climate change into coastal
highway design

* 3 analysis approaches (low, medium,
high level of effort)
1. Use existing data and resources
2. Modeling of storm surge and

Hi : : _ waves
ighways in the Coastal Environment: . . cee .
Assessing Extreme Events 3. Modeling in a probabilistic risk
framework

43



Coastal Hydrology: Sea Level Rise

Caltrans:

 Used data from NOAA's Sea
Level Rise Viewer web
mapping tool

» Used daily high tide and
annual high tide as
approximations to identify sea
level inundation areas

Modeled Flooding Conditions Caused by Sea
Level Rise on California Highway 101. (Source:
Caltrans)



Example of Coastal Hydrology Analysis:

Massachusetts State DOT

Boston Harbor Flood Risk Model

Simulated thousands of storms to get
probabilities of flooding around the Central
Artery Tunnels today and in the future (Monte
Carlo analysis)

* Included sea level rise scenarios for 2013,
2030, and 2100

« Simulated hurricanes, tropical storms,
nor'easters (ADCIRC model)

 Modeled wave impacts (SWAN model)

* Included effects of tides, storm surge, wind,
river discharge

* Included effects of wetlands and barrier
islands

« Output flooding pathways and depths

« Maps for 1000 yr storm, 500 yr storm, 100 yr

45storm, 90, 20, 10, 5, 2, and 1 yr storms




Example of Coastal Hydrology Analysis:

Massachusetts State DOT

Legend [t~ ~, Exceedance Probability 2030 High
s BH-FRM Extent | Boat Section \ ~4 (e —— e
Complex Tunnel " H | y " o e g . 9 o g S
Slruc’:ure . e"o\ &w\a I I N L A A
— \ 9 AL\
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HEC-17 — Riverine Environment

HEC-17, Highways in the River
e Publicaion No. FHWAHI-16.018 Environment: Floodplains, Extreme Events,
Risk, and Resilience

U.S. Department of Hydraulic Engineering Circular No. 17, 2™ Edition

Federal Highway
Administration

* 5 levels of analysis
1. Historical Discharges
2. Historical Discharges + Confidence
Limits
3. Precipitation Projection Trend Test
4. Projected Discharges using CMIP
tool
5. Customized Projected Discharges
w/Climate Scientist
« RCP 6.0 and RCP 8.5 recommended

=
EUSGS
JUSGS 01643500 NORTHEAST BRANCH ANACOSTIA RIVER AT RIVERDALE, MD)
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Highways in the River Environment-
Floodplains, Extreme Events, Risk,
and Resilience
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https://www.fhwa.dot.gov/engineering/hydraulics/pubs/hif16018.pdf

Riverine Hydrology

Connecticut DOT:

° Analyzed inland STRUCTURE NO.02423
fI OOd i ng HEADWATER DEPTHVS. PEAK DISCHARGE
2{] 1 1 1L | | 1 | 1 1 1 1 | 1 | | 1 1 1 1 |
. . 100- design headwater depth is below the depths at I -ft freeboard
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Flood depth vs. peak discharge for a structure in Connecticut (Source:
Connecticut DOT).



Analyze Adaptation Options

VULNERABILITY ASSESSMENT AND o . :

solutions:
— Engineer new assets
— Retrofit existing assets

— Increase redundancy of
the system

— Relocate assets

— |Institute intensive
maintenance schedules

— Improve operations plans
for weather emergencies

ANALYZE ADAPTATICN OPTIONS

Multi-Criteria Analysis Econcmic Analysis




Example of Coastal Climate Change Analysis:

Massachusetts State DOT

* Developing local
and regional
solutions

— Temporary
flood barriers

— Watertight
gates

— Flood walls to
block regional

flood pathways Street view of I-93 Northbound and Southbound Tip O'Neill Tunnel Portals
at Zakim Bridge (from Google Earth) Source: MassDOT-FHWA Pilot Project
Draft Report.
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Adaptation Options:

Nature-Based Solutions

Can protect highways from coastal
flooding by using or mimicking natural
processes.

Living Levee

Integrated Approach:

« Structural (e.g. armoring, raise road, widen
culvert, pavement materials)

» Natural features: created through the action of
physical, geological, biological, and chemical
processes over time (e.g. wetlands, dunes)

* Nature-based features: created by human
design, engineering, and construction to provide
risk reduction in coastal areas by acting in concert
with natural processes (e.g. wetland restoration,
artificial reefs, beach nourishment)

* Non-structural (e.g. land use policies,
infrastructure siting, insurance policies)

Photo Credit: Suzanne Kaspar, Mobjack Bay, VA



Adaptation Options:

Nature-Based Solutions Considerations

Why talk about nature-based solutions (also
called green infrastructure)?

May be cheaper; effective; more adaptable; and
benefit habitat, fisheries, recreation

Advantages
* Opportunity to meet multiple goals
* Protect road
* Protect surrounding community
« Mitigation required under NEPA
» Fits well with Eco-Logical approach
* Habitat creation

Gaps

* Need data on costs and benefits of nature-
based solutions compared to traditional
projects bk

« Nature-based solutions may need more space &
than is in the ROW - need to partner with
other landholders.

* Need information on maintenance




Adaptation Options: Evaluation and Selection

ADAPTATION FRAMEWORK
methods to evaluate and

prioritize adaptation
options:

— Multi-criteria analysis

— Economic analysis

ANALYZE ADAPTATION OPTIONS

Multi-Criteria Analysis




Adaptation Options: Multi-Criteria Analysis

C a Itra n S Assessment Criteria Value Comments
High end of the design life of an earthen structure.
Assumed Design Service Assumed structure is properly maintained to protect
) 100 years ) )
Life inteqrity, and reqular roadway overays are
implemented.
Assumed road is raised to above flood hazard
Assumed Total Capital $ 49.810000 elevation. Due fo limited data on coastal flooding
Investment ! ! elevations, one cost was developed for 2050 and
2100
The usahle life is beyond the 2100 scenario, thus,
Isable Life 3. Surpasses the option surpasses the climate horizon in its
useful life
Level of Performance 3 Enhanced This option provides enhanced performance relative

to the existing condition.

With the costs and effort involved in constructing the
Flexibility 1: Unlikely new roadway on the raised fill prism, it would be
difficult to add additional height in the future.

It is assumed that some wetlands would be

Environmental -2: Some net impacted with a bigger fill footprint needed for an
Considerations impact elevated road, and it would be more that raising the
height of protective structures.
The use of the highway would be maintained, which
Social Considerations 3 Some net provides a s?clal benefit, huwev:?r this option does
improvement not necessarily protect other social assets, such as

telephone, gas, and water lines.

Highway 20/County Road 407 Example Scoring Sheet for Adaptation Option 1: Elevate the
Infrastructure Above the Impact Zone, Lake County. California (Source: Caltrans)



Adaptation Options: Economic Analysis

 Framework describes three types of economic
analysis:

— Economic Impact Analysis: evaluate impacts of
adaptation options on the local, regional, or national
economy.

— Benefit Cost Analysis: evaluate direct and indirect
benefits and costs to travelers and businesses.

— Life-Cycle Cost Analysis: focuses primarily on
identifying the long-term costs to transportation agencies
of different alternatives.



Adaptatlon Optlons

Costs of Adaptation Measures
(Costs Incurred Relative to No-
Adaptation Option)

Benefits of Adaptation (Costs Avoided
Relative to No-Adaptation Option)

Costs to Agency:

» Increased upfront engineering, land
acquisition, and construction costs

* Increased routine operation and
general management costs

* Increased reconstruction/rehabilitation
costs

Costs to Users:

» Increased travel delay, safety, and
vehicle operating costs during initial
construction, maintenance activities,
and reconstruction/rehabilitation

Direct Benefits to Agency:

« Reduction in physical damages, repair costs
* Reduction in operations and management

Direct Benefits to Primary Users:

* Reduction in travel time costs from detours

* Reduction in vehicle operating costs from
detours

* Reduction in disruptions to freight movement

* Minimized cost of potential injury

Indirect Benefits to Non-Primary Users:

» Impacts of lost access to businesses and
government fees/taxes on revenues

» Impacts to nearby properties (e.g., flooding
caused by an undersized culvert)



Adaptation Options:

Benefit-Cost Analysis

 Evaluated the
performance of two large
culverts under three
climate scenarios

 Developed one
adaptation option for
each climate scenario

« Conducted a benefit-cost
analysis to assess the
physical damage and
social costs of each
adaptation option

ure: nDOT



EXERCISE #2
VULNERABILITY ASSESSMENT APPROACH

What approach will you take”? How might
you come up with data?



Project-Level Case Studies



Living Shoreline along Coastal Roadways

Exposed to Sea Level Rise
Brookhaven, NY

https://www.fhwa.dot.gov/environment/su
stainability/resilience/ongoing and curre
nt research/teacr/ny shore road/

L WEI
~New Londons
N

- N

Montauk
o

Map showing the location of Shore Road.
Source: Google Maps

Source: South Coast
Engineers



https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/teacr/ny_shore_road/

Analytical Approach

Relative Sea Level Change Projections - Gauge: 8514560, Port Jefferson,
NY (05/01/2014)

6 Shore Road Elevation

---------------------------- -

wHHWASLE

RSLC in feet (NAVD88)

= USACE High SLR
+ Tides

==+ Shore Road

=== USACE High

=== USACE Int

=== USACE Low
=== No Change

Used sea level rise
projections and local
data to determine the
year when the
roadway would be
inundated and the
potential for wave
damage.

Relative sea level rise projections for three
climate scenarios from 2015-2100 and
elevation of pavement (dotted line). Source:

2020 2030 2040 2050 2060

Estimated year of flooding and/or
damage.

*Indicates that asset currently floods.
**Years beyond 2100 are reported for
comparison only and these values should
be interpreted as “not by 2100.”

Year 1-yr Event | Monthly Daily Wave
Flooding | Flooding | Flooding | Damage

2070 2080 2090 2100 USACE

USACE 2025 2270** 2300** 2080
Low
USACE 2015* 2060 2065 2025

High



Adaptation Options

Ve Amemanvestaion,  1raditional Protection
NOTTO SCALE » Delay onset of daily
_SHORE RD. | RIPRAP REVETMENT MT. SINAI HARBOR ————> . .
e nuisance flooding by
................................................................ MW 15 years

GEOFABRIC

e $1.3 million

(Left) Diagram of traditional roadway
——————————————————————————————————————————————————— embankment armoring and flood
protection

EXISTING GROUND ELEVATION

TYPICAL LIVING
SHORELINE SECTION

NOT TO SCALE

Living Shoreline

SHORE RD. MT. SINAI HARBOR ———=

« Reduce wave

damage L Ao v
EDGE OF PAVEMENT .ﬁ BOULDERS & GEOTEXTILE
. . (EXISTING REVETMENT /
e $0.5 million TO BE BURIED) .l_

(Right) Diagram of constructed marsh EXISTING GROUND ELEVATION
profile.



Preferred Course of Action

 Living shoreline can protect road from erosion (from wave
action at high tide), and also improve habitat and water
quality — at lower cost than traditional protection.

« Can increase redundancy by burying the existing
seawall/revetment.

Existing marsh site near Satterly Landing shown at (a) low tide, (b) near high tide, and (c) at high tide. Source: Bret Webb



Barrier Island Roadway Overwashing from

Sea Level Rise and Storm Surge

Choctawhatchee Bay, Florida

: _ https.//www.fhwa.dot.gov/environment/su
, nei) . el stainability/resilience/ongoing_and curre

SRl nt_research/teacr/fl us 98/

S ——

GULF OF MEXICO

Photograph of the north side of the US 98
eastbound travel lanes along Choctawhatchee
Bay. Source: South Coast Engineers

GULF OF MEXICO

Map of the project area with the highway
US 98 highway segment in blue. Source:
South Coast Engineers and Ersi’s World
Imagery



https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/teacr/fl_us_98/

Climate Stressors and Scenarios

Storm Return Estimated Storm : .
Period Surge Elevation Considered climate
(NAVD) change projections for:
5 — year 4.2 feet (1.3 m) e Storm Surge
10 — year 5.9 feet (1.8 m .
Y (1.8 m) . Sea Level Rise
15 — year 7.0 feet (2.1 m)
20 — year 7.7 feet (2_ 3 m) (Left) Storm surge elevation estimates for US 98. Source:
USACE Sea Level Change Curve Calculator
25 — year 8.1 feet (2.5 m) (Below) Historic relative sea level rise data for Pensacola,
FL. Source: NOAA Tides & Currents
8729840 Pensacola, Florida 2.21 +/- 023 mm/yr
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) 015 - - - - - =— = == = = = = = = = = = = e m m e - - e m e = — = = === = == = o - I Lﬂ - =
E 0.00 - | | - — A |Hl§r!r-r atly ."'r"l'f" -EEL.:-;E.;iglﬁ%ﬁLil.ill i
E __,:_____! L0 L ! LI._JJFm [“TFUMI m %'[ _v”- - g TR i | \
-015 i — — — -—-—'_'—F,“| “ T ayp - - = e - — = -+ - = - - — = - — = - — — -

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020



Analytical Approach

14
e /’/é
= 10 /‘/‘//
= _'_-__,_./ /
k<] 6 - — _——
] —
E /
E 4 — Roadway Destroyed
£ Roadway Damaged
g 25-yr Return Period
— 20-yr Return Period
2 15-yr Return Period
= 10-yr Return Period
5-yr Return Period
0 I l I l l
D QD <O i~ D i D S > () O
~ o v < P $ © Q) © X S
B > > > > > 3 > 2 W 0%
Year

Storm surge elevations over time under a high (4.9 feet by 2100) relative sea level rise scenatrio.




Adaptation Options

Range of possible
options:
« Buried gabion mats

(stainless steal cages _ | =
filled with rocks) -

« Sheet-pile walls with toe
scour protection
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Economic Analysis

Equivalent Uniform Annual Costs Total Expectod EUAC
(EUAC) approach 0

L | owith (Int SLR)

[ | =with (High SLR)
$2.5 T | Owithout (Int SLR)

[ [®Wwithout (High SLR)

Methodology includes:

Annual hazard probability
considering future sea level rise

52.0 1

$15 1

@
=
o

- Damage costs assuming the hazard
occurs

505 1

Equivalent Uniform Annual Cost per Mile (in millions)

« Cost of adaptation

50.0 +

Year Adapt? Damage if Annual Expected EUAC of Total
Event Hazard Annual First Expected
Occurs Probability ¥ Damages Cost EUAC
2006 Without $3 M X 0.1 =$%$0.3 M + 50 =$0.3 M
With $0.2 M X 0.1 =$0.02M +%02M =%0.2M
2056 Without  $14 M X 0.2 =$3 M + $0 =$3 M

With $0.7 M X 0.2 =$0.1 M +%02M =3%0.3M




Lessons Learned

* These protections are economically justified today and the
economic benefits of this adaptation will increase as sea
levels rise.

* As sea levels rise, coast parallel roads can be exposed to
and damaged by overwashing storm surges more
frequently.

* Some adaptations to climate change will be similar to
strategies required for improving infrastructure resilience
to extreme events with today’s sea levels.



Sea Level Rise & Storm Surge on Coastal

Bridge

i

Mobile, AL
https://www.fhwa.dot.gov/environment/su
stainability/resilience/ongoing_and_curre
nt_research/teacr/al_i-10/

and potentially increases lateral loads. Source: South Coast Engineers

Outside edge of bridge showing concave configuration which traps an air pocket when a wave strikes it



Climate Stressors and Scenarios

Katrina Shifted +75 cm, Hydrograph at selected location of typical
span
25
E
2
©
Q20 |
-
(2]
=
£ 15
-
=
» 10
o
2
@
£
2
2]
0 T T ! ! ‘ ‘
ADC'RCL[: 0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00
bsLaned itu Time (hrs)
6t

8 to 10 Meters Deep
Greater than 10 Meters Deep

Climate Scenario: Katrina, shifted

Critical Transit Facilities

e noeconar | 10 Make landfall farther east, with

== Critical Roads .

e oot oacs +75 cm of sea level rise

= Critical Rail

- ;‘jf::’:f::‘:; (Left) Surge inundation model results. Source: USDOT

it Bipolibas (Above) Storm surge hydrograph at the selected span location.
Other Roads SOUI’CG.‘ USDOT

|

Other Rails




Adaptation Options

Adaptation
Option Description Cons

Improve the connection Retrofit or new design  Transfers loads to other
of the girders to bent option, provides a elements of the bridge
SLCh TG Lol beams to resist wave-  physical load path Limited guidance requires
connections [igle[UlefTeRleF:o [ mechanism more research

Potential failures in the

Improved Bridge decks are Increases the superstructure, foundation
Span integrally connected to  “effective” dead load of or substructure failure not
Continuity the adjacent decks superstructure addressed

Potential to reduce May not be an acceptable
Modified Modifications to the lateral wave-induced structural engineering
Ty le [\ X1 E1 I Dbridge cross-section loads option
(ofe]1 1o IIsEVI[1 M Construction of bridges Could reduce wave- May be valuable as a new
AN CETTo Il at a higher elevation but induced loads on design adaptation strategy
CIAYELT T el not so high as to always structure to a level but more research would be
other avoid wave-induced within the design required to develop

adaptations  JeElef capacity guidance



Analytical Approach

351 In the current design,
— 37 CONNECTIONS FAIL the connections
S| om0 v would fail under the
g 2] ) D G G hurricane scenario.
Easl o SWL=149ft B 7
< ;5 |
= 0 - APPROXIMATE BAY BOTTOM

Strengthening the
connections only “buys”
one foot of surge
protection before the
bridge deck would fail.

ELEVATION (FEET ABOVE MSL)

APPROXIMATE BAY BOTTOM

Representations of study findings. Source:
ALDOT




Economic Analysi
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Lessons Learned

Sea level rise may have non-linear effects on peak storm
surge levels.

Original modeling of storm surge and waves is appropriate for
major coastal projects.

Following the load path implications through the entire
structure is required to design of adaptations for coastal
bridges exposed to wave-induced loads on storm surge.

Only increasing the deck elevation would ensure the survival
of this structure in this storm scenario.

Wave induced loads have a “sweet spot”. The |-10 Bridge
near Pensacola, FL, which was destroyed by Hurricane lvan
iIn 2004 may have been destroyed by the increase in wave-
Induced loads due to the sea level rise which occurred during
the life of the structure.



FHWA Guidance available at:

S O i I S dan d S I O pes https://www.fhwa.dot.gov/pavement/sustainabilit

y/hif15015.pdf

Sensitivity to Climate Change

» Accelerated rock slope weathering and
decreased slope stability from
precipitation changes

Existing FHWA Guidance

» TechBrief on Climate Change Adaptation
for Pavements

Source: TEACR Pavement Shrink-Swell Study
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https://www.fhwa.dot.gov/pavement/sustainability/hif15015.pdf

Precipitation and Temperature Impacts on

Rock and Soil Stability

Carroll County, Virginia

https://www.fhwa.dot.gov/environment/s
ustainability/resilience/ongoing and curr
ent_research/teacr/va_slopes/index.cfm

o 81)
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Map of site area (red star). Source: Google Maps


https://www.fhwa.dot.gov/environment/sustainability/resilience/ongoing_and_current_research/teacr/va_slopes/index.cfm

Analytical Approach

* Moderate increases in rainfall during10-, 50-, and 100-
year storms projected

« Recommended preliminary steps to determine if climate
change may impact soil slope stability:

* Determine the steepness of the slope. Slopes steeper than
2 (horizontal) to 1 (vertical) should be initially suspect.

» Perform a field inspection to detect physical clues such as
soil bulges at the toe of the slope, deformed tree trunk
growth, depressed elevation of the slope face.

« Perform a parametric analysis (i.e., vary the groundwater
elevation and soil unit weight) to see how the slope would
respond under a wide range of conditions. Doing so could
save considerable time and expense in instrumentation
and data collection. 78



Parametric Analysis Results

« Variations in soil unit weight did not have an impact on the factor of
safety.

« When the slope is already at a factor of safety close to one,
increased precipitation on slopes in residual soils does not
significantly affect the overall factor of safety.

« The impact of increased perched water table height shown below.

FS=1

Generalized estimated changes in the
factor of safety with increasing groundwater
levels/precipitation

Percent Changein Factor of Safety

-5%

T 1
) 4 8
Groundwater Height Above Rock/IGM (feet)
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Lessons Learned

 Itis not necessarily the case that increased precipitation
would increase the likelihood of slope failure. A slope
that is suspected of being vulnerable should be analyzed
before drawing conclusions.

» Detailed climate data are not necessary for an initial,
general assessment of climate change impacts on soil

stability

» Rather than screening detailed climate change
projections, the “worst case scenario” can be analyzed
first without specific climate data.



Overall Lessons Learned

The use of historic climate data in lieu of climate projections is
sometimes appropriate, but historic data should always be as up to
date as possible.

Maintenance records from extreme weather events can help
practitioners understand the likelihood of future infrastructure
damage.

Many climate adaptation measures will be amplified forms of
countermeasures currently installed to manage risks associated with
today’s environmental conditions.

Given climate uncertainty, taking an incremental approach to
adaptation may help reduce the risk of overspending while still
increasing resilience.
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Integrating Resilience into
Decisionmaking



Incorporate Resilience into Decisionmaking

roticid
ADAPTATION FRAMEWORK praCtlce

o Cost-Effective

« Consider incorporating
results into:

— Transportation planning,

— Project development &
environmental review,

— Project level design &

engineering,
INCORPORATE RESULTS INTO
DECISION-MAKING — OperationS and
R maintenance, and
Asset Management — ASSet management-




Resilience in Transportation Planning

* Include resilience in transportation plan goals
and objectives

* |dentify, evaluate, and adopt strategies to
address identified vulnerabilities

« Screen projects during planning to avoid
making investments in particularly vulnerable
areas

* Include resilience in the criteria for evaluating
projects for funding

 Consider future environmental conditions in
corridor planning studies



Example: Hillsborough MPO (Tampa, FL) 2040

Long Range Transportation Plan

* Obijective: Increase the
security & resiliency of the
multimodal system

o Performance measure: 10
Recovery time and s 6
economic impact of a g s >
major storm s, =
2 Ee
 Developed and evaluated 0 . .
three risk management Base/low Medium High
Investment scenarios nvestment Scenario
o Evaluated disruption #D2[weeks] WDIL(weeks) DO [weeks]
and economic IOSS Source: Hillsborough MPO

from storms and
flooding for different
levels of investment in
adaptation and
mitigation



Resilience in Project Development and

Environmental Review

Use information developed in vulnerability assessments
as a screen to identify facilities of concern.

Use vulnerability information developed in regional and
corridor planning studies in the environmental review
process

Include sea level rise projections in NEPA documents in
the description of affected environment and in the
analysis of alternatives.

Develop and select project alternatives that minimize
vulnerabillities

Develop adaptation strategies as mitigation measures
or for inclusion in the proposed action.



Resilience in Project Development and Environmental

Review : WSDOT

* |ncorporated
. Guidance for NEPA and SEPA Project-Level
VU I nerablllty Climate Change Evaluations
iInformation into state
environmental review
guidance

Contact:

WSDOT Environmental Services Office




Resilience in Project Level Design and Engineering

* Vulnerability assessments conducted with more
complex and detailed analysis can inform
engineering and design requirements for
individual assets in a way that accounts for future
conditions.

* Addressing uncertainty:
— Flexible adaptation pathways
— Using information on the direction of change
— Sensitivity analysis

— Contracting



Resilience in Project Level Design and Engineering

Massachusetts Port
Authority (MassPort):

MASSACHUSETTS PORT AUTHORITY
FLOODPROOFING DESIGN GUIDE

* Developed Floodproofing
Design Guide as result of S
Disaster and
nfrastructure Resiliency
Planning Study

* Design flood elevations,
floodproofing strategies,
performance standards ~ —

RN massport




Resilience in Operations and Maintenance

Resilience in O&M
decisions:

Increasing regular maintenance
activities
Adding capacity for smaller

infrastructure inspections

Determining future maintenance needs

and methods
Maintaining mobility and safety

Assessing future technology and

system requirements

Planning for new capital improvements

and annual maintenance investments.

CLIMATE CHANGE ADAPTATION GUIDE
FOR TRANSPORTATION SYSTEMS MANAGEMENT,
OPERATIONS, AND MAINTENANCE

US.Depariment of Transportation
Federal Highway Administration



Resilience in Operations and Maintenance

« Establish interagency agreements to share equipment and
other resources to aid in emergency response and
recovery.

* Periodically review weather response strategies and plans
to reflect increases in extreme weather severity or make
them adaptable to accommodate anticipated weather
extremes.

* Periodically review and update operator response quick-
reference guidebooks and templates and make them
adaptable to previously unexperienced extreme weather
conditions.

« Keep electronic records of location and event information
for facility closures, emergency repair, and maintenance
activities. Use a platform that makes this information
accessible to agency decision makers



Resilience in Operations and Maintenance

« Use weather responsive traffic management in conjunction
with tools such as signal timing, variable speed limits,
changeable lane assignment, and diversion routing.

* When assessing the technical viability of road weather
management monitoring equipment as part of procurement

« Consider the ability for the technology to withstand and
function in extreme weather or mitigate traffic conditions
during extreme weather.

» Periodically review system engineering requirements
for long-term changes in weather patterns.



In Asset Management

 Consider both current and future risks

 Perform statewide evaluations to determine if there
are reasonable alternatives to roads, highways, and
bridges that have required repair and
reconstruction activities on two or more occasions
due to emergency events.

* |nclude resilience in risk-based State Transportation
Asset Management Plans.



In Asset Management

Los Angeles County
Metropolitan Transportation
Authority (Metro)

* Integrated climate risk into
existing asset management
system.

* Developed new data fields in
the asset management
system, and guidelines for
assessing risk of the assets.

Source: Metro



EXERCISE #3
ELEVATOR SPEECH

Pitch this to your leaders.



FHWA Resilience Resources

Gulf Coast 2 Study

Resilience Pilots - State DOTs, MPOs, FLMAs

Hurricane Sandy
Project
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Highways in the Coastal Environment:
Assossing Extreme Events

Project Development

is of for
Resilience in Project Development

Operations &
Maintenance

CLIMATE CHANGE ADAFTATION GUIDE
FOR TRANSPORTATION SYSTEMS MANAGEMENT,
OPERATIONS, AND MAINTENANCE

Guidebooks under
development on
integrating
resilience in:

Asset

Management
Transportation
Planning
Nature-based
solutions



Coastal Resilience Resources

COA STAL ABOUT ~ COLLABORATIONS ~ PROJECTS ~ TOOLS ~ RESOURCES ~ 9

Reylence
Habitats

Mangrove Coral Reefs Oyster Reefs Saltmarshes Seagrass

Mangroves grow in the uf
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some warm temperate re

forests. Mangroves are hig
in areas where freshwater

« The Nature

growth. They provide critit

Conservancy website
has coastal resilience
information relevant to
the territories
* Tropical island
case studies
« Nature-based
solutions

]-: ine F’ 'E:'_t:'u Area, designed w

th the support .;.—' the

reserve is one :" thre d areas the country w
f the country's marin

Grenada and St. Vi

fe Tne mar ._—E,_”'ll: L
t coastlines from errosion

2nadines -|I’-'|_1Cc red

Antillac Dhodn Crodid

storms, habitat or nursery
support the lives and liveli

through the provision of f

While large areas of mang
development and the exp

have shown that mangrov

The following reports are .

around the globe. maner:



	Slide Number 1
	Slide Number 2
	 Session Logistics and Outcomes
	Slide Number 4
	What resilience risks are you worried about?��What keeps you up at night?
	What is Resilience?
	Slide Number 7
	Slide Number 8
	Why Consider Changing Conditions?
	Climate Resilience Policy
	Vulnerability Assessment and Adaptation Framework, 3rd Edition
	Slide Number 12
	Vulnerability Assessments
	Vulnerability Assessment
	Vulnerability
	Set Objectives and Define Scope
	Selecting & Characterizing Relevant Assets
	Selecting & Characterizing Relevant Assets
	Selecting & Characterizing Relevant Assets
	Identifying Key Climate Variables
	Sensitivity Matrix
	Exercise #1 �Set Objectives and Define Scope
	Compile Data
	Compiling Asset Data
	Compiling Climate Data
	Temperature and Precipitation Projections
	Sea Level Rise Data for Puerto Rico
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Assess Vulnerability
	Stakeholder Input Approach
	Stakeholder Input Approach: WSDOT
	Stakeholder Input Approach: Oahu MPO
	Assess Vulnerability
	Indicator-Based Desk Review Approach
	Indicator-Based Desk Review Approach: South Florida
	Indicator Approach: �Vulnerability Assessment Scoring Tool (VAST) 
	Indicator Approach: �Vulnerability Assessment Scoring Tool (VAST) 
	Assess Vulnerability
	Engineering Informed Assessment: ADAP
	Slide Number 42
	Slide Number 43
	Coastal Hydrology: Sea Level Rise
	Slide Number 45
	Example of Coastal Hydrology Analysis:�Massachusetts State DOT
	Slide Number 47
	Riverine Hydrology 
	Analyze Adaptation Options
	Slide Number 50
	Adaptation Options: �Nature-Based Solutions
	Slide Number 52
	Adaptation Options: Evaluation and Selection
	Adaptation Options: Multi-Criteria Analysis
	Adaptation Options: Economic Analysis
	Slide Number 56
	Adaptation Options: MnDOT Example
	Exercise #2 �Vulnerability Assessment Approach
	Project-Level Case Studies
	Living Shoreline along Coastal Roadways Exposed to Sea Level Rise
	Analytical Approach
	Adaptation Options
	Preferred Course of Action
	Barrier Island Roadway Overwashing from Sea Level Rise and Storm Surge
	Climate Stressors and Scenarios
	Analytical Approach
	Adaptation Options
	Economic Analysis
	Slide Number 69
	Sea Level Rise & Storm Surge on Coastal Bridge
	Slide Number 71
	Adaptation Options
	Slide Number 73
	Economic Analysis
	Slide Number 75
	Slide Number 76
	Precipitation and Temperature Impacts on Rock and Soil Stability
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Lessons Learned
	Slide Number 82
	Integrating Resilience into Decisionmaking
	Incorporate Resilience into Decisionmaking
	Resilience in Transportation Planning
	Example: Hillsborough MPO (Tampa, FL) 2040 Long Range Transportation Plan
	Resilience in Project Development and Environmental Review 
	Resilience in Project Development and Environmental Review : WSDOT
	Resilience in Project Level Design and Engineering
	Resilience in Project Level Design and Engineering
	Slide Number 91
	Slide Number 92
	Slide Number 93
	Slide Number 94
	Slide Number 95
	Exercise #3�Elevator Speech
	FHWA Resilience Resources
	Slide Number 98

