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Vulnerability Assessments

Understanding how climate change effects
and extreme weather will affect your
transportation network is key first step for

climate change planning
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Climate Change & Extreme Weather Vulnerability
Assessment Framework

1. DEFINE SCOPE

] . IR e Ky ARTICULATE OBJECTIVES SeLecT & CHARACTERIZE
« Actions motivated t
1. Define Project Scope e e [ e
[ ] Climate impacts of concern 2oy faescthype
pelis < Target audience Existing vs. planned

Sensitive assets & thresholds
* Products needed Data availability

RS * Level of detail required Furtherdelineate

* Objectives
* Relevant Assets
e (Climate Variables / _
2. Assess Vulnerability GO 2 Assess
. Sty VULNERABILITY
e Climate Inputs

e Asset data, criticality,
sensitivity Vi
e Vulnerabilities, risk '

3 " I nte grate Vu l n e rab il ity INCORPORATE INTO AsSET MANAGEMENT IDENTIFY OPPORTUNITIES FOR IMPROVING

 Identify

. . . INTEGRATE INTO EMERGENCY & RISk Data CoLLecTion, OPERATIONS OR DESIGNS
I nto D e C 1 S 1 O n M akl ng MANAGEMENT Buib PusLic SUPPORT FOR ADAPTATION
ConTrIBUTE TO LONG RANGE INVESTMENT

TRANSPORTATION PLAN EpuUcATE & ENGAGE STAFF & DECISION
AssIST IN PROJECT PRIORITIZATION MAKERS
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2013 - 2014 Pilot Locations
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e U.S. Depariment of Transportation

Federal Highway Administration

Webinar Series
TRANSPORTATION CLIMATE CHANGE &
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2013 - 2014 Pilot Locations

Vulnerability Assessments
e TN DOT

e CAMPO (Austin)

 North Central Texas COG

* Maine DOT

e Michigan DOT

* Arizona DOT

e Alaska

Adaptation Options
* Connecticut DOT

e MassDOT
 MNDOT

e NYSDOT

* Jlowa DOT

e Maryland SHA
e MTC

e Broward MPO

* Oregon DOT

e CalTrans

e Hillsborough MPO
e WSDOT



Washington State DOT'’s

Vulnerability Assessment:
Asking the “Climate Question”

Carol Lee Roalkvam Lynn Peterson Climate Change & Extreme
Environmental Policy Branch Manager Secretary of Transportation Weather Vulnerability Assessment
FHWA & TRB Webinar Series

May 30,2013




Washington State DOT’s Pilot Facts

FHWA $189,500 funds matched by state staff time
State DOT test of the model leveraged:

— Asset management & cost/risk assessment tools
— Pacific Northwest climate change data

— Field personnel intimate knowledge of threats
Easily replicable process:

— 14 Workshops across state

— Microsoft Excel & GIS tools

Qualitative rankings for all state-owned assets!

Washington State
Department of Transportation

WD



Washington Climate Change Impacts Assessment

 Funded by the
Washington State Legislature

 Published in 2009

« Comprehensive report on climate
change impacts in Washington

» Downscaled from global Washington Climate Change
climate models Impacts Assessment

Evaluating Washington’s Future
in a Changing Climate

» Detailed data and technical
support available

A report by

The Climate Impacts Group
University of Washington

June 2009

[



Changes in Air and Water Temperatures

August Mean Surface Air Temperature and Maximum Stream Temperature
(Implications for Salmon)
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Source: Mantua et al. 2009, in press




Changes in Flood Risks

* Floods in western Washington will likely increase in
magnitude due to the combined effects of warming
and increasingly intense winter storms.

* In eastern Washington fall flood risks may increase;
spring flood risks may decline due to loss of spring

SNOW cover.
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FHWA risk assessment model

Inventory of Assets

Existing Develop inventory
inventories of assets

Climate Information

Gather climate
information (observed
and projections)

Existing
data sets
Exiating How important Less Low likelihood/ Wh::lgrtlh: I:.?:Jﬁ:ewd
priorities. i P T gt ity P—; =W KGO0 g :
evall.lat]on ‘onls d d IITIPU“BHI. * Low magm(uue D ity
climate changes?
Monitor and revisit
as resources allow I

High likelihood/High magnitude

f High likelihood/Low magnitude

Risk Low vulnerability Low likelihood/High magnitude

More
important
Is the asset
vulnerable to
projected climate
effects?
High or medium
vulnerability
What is the Within scope of

likelihood that
future stressors will

measurably impact
the asset?

Monitor and revisit ¢= Lowrisk What is the

as resources allow

integrated risk?

?2»
|

What is the
consequence
of the impact

on the asset?

High or
medium ==

Risk Assessment pilot

Outside of scope of
Risk Assessment pilot

Identify, analyze, and prioritize
adaptation options

14



Goal: Preserve assets in a changing environment

« FHWA $189,500 matched by state staff time

« WSDOT Approach:
— Understand climate change within existing Asset Management framework
— Create easily replicable process (leverage Cost/Risk Assessment tools)

— Use internal knowledge and experience

— Consider impacts on our all WSDOT assets
(Highways, Ferries, State-owned Rail and Airports)

of Transportation 15



WSDOT pilot modifications to FHWA Process

|DOT Jurisdictional Role

/_ Input From Science
Determine climate change scenarnos n .
Temrl i to use in workshops Gather observed rht;ﬂ;c: :‘l;lr::;';
f assEts OR Ll and projectad d
ot ass Develop climate change imgacts and climate data an asmded
probabilities N l.\ el s
Lse scenanos for a
vulrerability assessment or
i Waorkshops irnpcal:ts: and probabilities for
H a rnisk assessment,
________ h 4 h 4 _—
I | , | |
: Establish | mﬁE:Tli'tiy":TI'na&sset Determine climate IDE:_VE'GP qual_itﬂti-.re|
qualitative criteria L1 change impacis on B m— criteria for climate |
I for asset criticality | P asset change impacts |
| | facility, ate.) I I
- | L |
|s the asset vulnerable to
climate change scenario? If
As focusad Record the rafings and the = what&_ls &w&n;ac?mmde o
adaptation information gathered from I '
strateqies are subject matter experts for
implemented, inclusion in database and use
reassess system in mapping
Y
Devealop
adaptation
strategies
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Step 1 — How critical I1s the asset?
WSDOT Methodology

Moderate

q S5 e I
_ Criticality of asset
Notice that along with the qualitative terms there is an associated scale of 1 to 10, this is to
serve as a facilitation tool for some people who may find it useful to think in terms of a

numerical scale - although the scoring by each individual is of course subjective. The scale
is a generic scale of criticality where “1” is very low (least critical) and “10” is very critical.

Typically involves:
some-NHS
non-NHS
low to medium AADT
serves as an alternative
for other state routes




Step 2: What are the Climate Threats?

Began with climate change forecast from UW Climate Impacts Group

Talked about observed changes and extreme events —
what is happening now

WSDOT's internal experts ranked all WSDOT assets

Key Questions:

— “What keeps you up at night?”
— “What if it gets worse (given the scenario)?”

— “How resilient is our existing system?

Washington State
Department of Transportation

WD

18



We used our experience to gauge future impacts

19



Oct. 4, 2009: Dust storm closes I-90 between Moses Lake and Ritzville







We've seen a 9 inch rise over 110 years
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Workshops: How might climate impact assets?

Primary
climate drivers

Temperature

Precipitation

Hydrologic

shifts

Sea level rise,

storm surge

Washington State
" Department of Transportation

Can lead to impacts on...

Expansion joints, pavement, rail
tracks, construction periods, habitat projects,
electrical equipment

Flooding of surface roads & tunnels, road washout,
pump capacity, drainage

Soil instability, water supply, bridge and road support
structures

Coastal erosion, coastal and upriver flooding, bridge
footings, drainage, roadside stability, salt / corrosion



Bridge Engineering Information System
(BEIS)

a_— i
= ‘f.'ﬁ'*“j;‘g‘“‘f:".l‘.“ - [ News | Site Index | Contact WSDOT | WSDOT Home |
partment of Transportation TRAFFIC & ROADS || PRoJECTS || BUSINESS || ENviRONMENTAL | MaPS & DATA
BRIDGE AND STRUCTURES OFFICE

Bridge Engineering Information System
® Bridge and Structures
® Bridge Information

® Bridge Repairs

@ Sign Repairs

@ Standard Plans

This site provides access to inventory data, plans, rating reports, inspection reports, photographs, and
related files for bridge structures in the WSDOT bridge inventory. This inventory of bridge structures
includes some locally owned agency structures.

There are over 8,500 bridge structures in this database, therefore it is necessary to provide information

® Scour Files about the structures of interest to reduce the list to a displayable level. Please provide one or more
@ Schedule pieces of information about the structure(s) you are interested in:
® Support

Structure 1D

Bridge Number

County

|
|
| Show Map
|
|

Contract Humher|
Route |
Milepost Range | | ) | |
[ Search l [RESEt ] Hide Search Criteria
Copyright WEDOT @ 2002-2011
gt Traffic & Roads | Site Index | Contact WSDOT | WSDOT Business | WSDOT Home

14



Mud Bay Bridge (101/508E)

oy i
?i s :.| !s“m. o [_News ] _Site Index ] _Contact WSDOT | WSDOT Home |
puihe o Hansport
BRIDGE AND STRUCTURES OFFICE

(& MUD BAY Hide current Bridge Information
, Elrid e and Strgctures Bridge Number 101/508E Structure Type CS
~ Elr?d = Informat|on Structure Identifier 000567TA Operating Rating Tons 56
< F! . .
o g_nd ;Re .EII'S Location 1.3 S JCT SR 8 Inventory Rating Tons 34
2100 REDATS Raute 00101 Min Over Deck 99' 99"

@ Standard Plans

® Scour Files Mile Post 362.83 Min Under Bridge 0"
® Schedule Feature Intersected MUD BAY Sufficiency Rating 80.42
@ Facilities Carried US 101 Year Built 1958
® Support
Region OL Year Rebuilt
Cwner Washington State SD/FO N/A
© Current Bridge Open Close Posted Code A
® Plans
@ Scour POA %] Inspections Performed Hide Current Inspections Performed
| Conacts Report Type Inspn Freq Insp Type

® Inspection Photos

@ Inspection Files

® Cormrespondence

@ |nspection Reports
@ Repairs

@ Maintenance e " :

® WS SI3A (Enalish [ MUD BAY Image Hide Current Bridge Image
@ WS SI&A (Metric)

Routine 2010-05-12 24
Equipment 2010-05-12 72




Record impact score

N

Results in total loss or ruin of asset. Asset may be available for limited use after
at least 60 days and would require major repair or rebuild over extended period
of time. “Complete and/or catastrophic failure” typically involves:

eImmediate road closure;

eDisruptions to travel;

sVehicles forced to re-route to other roads;

eReduced commerce in affected areas;

eReduces or eliminate.es access to some destinations;

eMay sever some utilities located within right-of-way;

eMay damage drainage conveyance or storage systems.

Temporary operational failure

Results in minor damage and/or disruption to asset. Asset would be available
with either full or limited use within 60 days and may have immediate limited
use still available.

“Temporary Operational Failure” typically involves:

eTemporary road closure, hours to weeks;

eReduced access to destinations served by the asset;

eStranded vehicles;

ePossible temporary utility failures.

Reduced capacity

Results in little or negligible impact to asset. Asset would be available with full
use within 10 days and has immediate limited use still available. “Reduced
capacity” typically involves:

eLess convenient travel,

eOccasional/ brief lane closures, but roads remain open;

oA few vehicles may move to alternate routes;




Statewide Results

(map shows results with 2 foot sea-rise & all other threats)

DRAFT
FOR PLANNING ONLY

Not suitable for site specific use

Climate Impacts
Vulnerability Assessment
Statewide Results

State Routes
44 Low Vulnerability

&% Moderate Vulnerability
—2&_%_ High Vulnerability
State Airports

®  Low Vulnerability
%  Moderate Vulnerability
State Ferry
B8 Low Vulnerability
Il High Vulnerability

State Rail
bttt High Vulnerability

of 1 24K, County Boundanes bum WEDOT af scale of 7 3088
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What did we find?

* Intensifies known threats

» Reinforces value of our current
maintenance and retrofit programs

e Some surprises

* Unique way to capture knowledge
of field staff

Washington State
Department of Transportation

WD

Sea rise and
storm surge may
inundate roads

2 foot sea rise
may damage

and flood low areas , '
i

debris flows caused

Road washouts and
by receding glaciers

and heavy rain events

e e : S

What can we Expect?
Changes in river flow

Retreating glaciers
/ Intense storms
Coastal flooding
Snohomish




Timeline of WSDOT's Assessment

Begin
Skagit Pilot
July 1st

12013

Oct. Jan. June Nov. Jan. May Sept. - Jan. June
FHWA Grant Published Report/GIS FHWA Phase Il Pilot

e
—‘ -



2011 WSDOT Climate Impacts Vulnerability

Assessment Results in Skagit Basin

I-5

| Climate Impacts Vulnerability Results ~ /
= High Vulnerability
= Moderate Vulnerability
e Low Vulnerability

&5 Low Vulnerability State Ferry
1 Flood Zone (100-year)

,‘?'——-..J—E"'- ’ll/

Illllapuat L

| Nof suitable for site specific use.

{ Impacts Vulnerability Assessment (2011)
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FOR PLANNING ONLY

Depicts results of WSDOT Climate




Location of Skagit Bridge Collapse
- €

Burlington

Mount Vernon

Current I-5 North

Bound Detour Route

NORTHBOUND
EXIT 226

31



Skagit Pilot Project Team Members

WSDOT (Region Planning, HQ Environment, Design, Emergency
Management, Public Transportation)

FHWA — WA Division and HQ

U. S. Army Corps of Engineers — Federal Lead for General Investigation

Skagit County — Local Lead Agency www.skagitcounty.net/skagitriverqi

Task: Evaluate Corps Skagit study with
preferred alternatives. Examine local
options and evaluate potential risks and
opportunities to improve / enhance
resilience and preparedness

Task: Develop adaptation options for
WSDOT managed infrastructure
(Interstate 5, State Highways and
Anacortes Ferry Terminal)
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Adapting to a

changing climate

Statewide study of climate-related infrastructure risks

Our climate is changing. Pprotect and manage our vital roads,
seressevsaei s s mat mﬂmnum weamer.
i = In aoamion to the federal aollars
reeot.!rceeconhnmtogmw. W must be reiient and poy o FR A pct
Keeping state-owned and environmental condltons. Thanks to a "ms-wl A =
managed infrastructure safe $189,500 Federal Highway Administration Transportation (USDOT) polcy
and operational is key to a (FHWA) national pilot project grant. WSDOT supports camate adaptaton efforts.
growing economy and building was abie to compiete the groundwork In a June 2011 policy statement,
& more resilient and sustainabl. on g how our state-ownead and U.S. Transportation Secretary Ray
transportation system. operated transportaion assets may fare LaHood directed USDOT agencies
under extreme weamer changes. fsuch as the federal highway and
aaministrations) 10 consicer
Protecting infrastructure, freight . climata change Impacts on current
z - WSDOT pilots infrastructure systems and future Imestments.
routes and keeping drivers safe for vulnerability assessment
the long-haul BT . The USDOT climate change
we workshops with our fReld policy statement further states
Our economy and quaity of iife can take Staff from across the state 10 assess mat “plarning for climate
serious hits when Inclement weatner foods
the vulnarablity of our highways, fery adaptation assists State and local
Interstates, Closes Critical brioges and and othar 1 fransportation agencies, and DOT. fo
DriNgs relentiéss Snow to our mountain
changes in our cimate and weather Igentily how climate change s ialy
JPESSSNN. T8 NS S8 ISTWE) R SR . Wep the participants 10 Impact their abiity to achieve
Can wreak havoc on our dally ives and W cimate scenarios such as extreme elr mission, continue operations
prevent goods and services getting to femperatures and sea-level rise, asking 2na to maet padcy and program
Customers. “What wousd be the liksty Impact on our oojectves
WSDOT's job Is 0 keep the state's faclities?™ The results from each worksnop A ———
transportation system safe and operational.  'Were used 1o Create a series of planning-
This means planning and preparing to Jevel maps. cimatepolcystatement par

[

http://www.wsdot.wa.qgov/Sustain

ableTransportation/adapting.htm

For more information
Carol Lee Roalkvam
Policy Branch Manager
WSDOT Environmental
Services

(360) 705-7126
roalkvc@wsdot.wa.gov
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Adapting to Rising Tides }‘

Q

Transportation Vulnerability and

Risk Assessment Pilot

The Metropolitan Transportation Commission
Thursday, May 30, 2013







Partnerships

Project Management Team

e Metropolitan Transportation Commission, Bay Conservation and
Development Commission, and Caltrans

Consultant Team
o AECOM, Arcadis, Geografika, 3D Visions
Federal Highway Administration

Local Partnership

o Cities of Emeryville, Alameda, Oakland, San Leandro, Hayward, & Union
City, and County of Alameda

o BART, Capital Corridor, AC Transit

e U.S. Geological Survey, National Oceanic and Atmospheric
Administration, California Coastal Conservancy, East Bay Dischargers
Authority, East Bay Municipal Utility District, East Bay Regional Park
District, Hayward Area Rec. and Park, Port of Oakland, Association of Bay
Area Governments, Alameda County Transportation Commission
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Bay Area

Refinements
to Pilot Model

Data Asset Inventory
& Asset Screening and
Prioritization

Climate and Shoreline
Information

Vulnerability
Assessment

—EXposure +
Sensitivity + Adaptive
Capacity

Risk Assessment

= Likelihood +
Consequence

Adaptation Strategies

DATA ASSET INVENTORY
e @
* Infrastructure

+ Facilities

» Existing Vulnerabilities
+atressors

Prioritization
# SLR-Filter

* Function &
Characteristics

Asset Screening + E

on critical
transportation
infrastructure +
sociaty

Wulnerabliity I3 the suscaptbiity
of people, progearty, and Fresounces
o @ hazard.

Sensitivity Iz the degres towhich
3 sarvice or gssel Is affechad.
Adaptive capacity Is the asility to
accommodate future climate
I:-fIE.I'I]El condlions.

Reisk |5 the thraat posed by an
IMpact or nazard (nooding or
nundation). It dapends on the
Bziinood of an mpact and the
magnitude of the conseguence.

VULNERABILITY
ASSESSMENT

+« Exposure
*  Sensitivity

*  Adaptive
CEPEEIIW

ADAPTATION OPTIONS

» Development of
Adaptation Options for

assets most at risk i#

CLIMATE INFORMATION

Identify Regional Climate
Conditions + Projections

* 5ea Level Rise [16%, 55"
& Storm Events

Potential Effects @

* Flooding

+ |nundation

= Structural Instability

RISK ASSESSMENT @

of
SLRE effects
based on
shoreling
asset info




la. Transportation Asset Inventory

Interstates/Freeways

Arterial, collector and local
streets

Road tunnels/tubes
Bay bridges
Alameda bridges
BART stations
BART alignments
Amtrak stations

Passenger/freight ralil
alignments

Ferry terminals

Transportation Management
Centers

Bus Maintenance Facilities
BART System Assets

Passenger and Freight Yards
and Depots

Pedestrian/ Bicycle Facilities

Transit associated with all
road assets




Adapting ro Fisng Tices

1b. Asset Selection

Physical Characteristics

built at-grade, below grade, or =
elevated on embankments or — Pie/ N
structures; T x -
Functional Characteristics # H}%J@i \
lifeline routes, evacuation T
routes, goods movement routes,

transit routes, and bike routes;

Jurisdiction

agency, city or other entity with
ownership and/or management
responsibility for the asset;

Social/Economic Functions
connecting to jobs, regional
importance, and support of
transit-dependent populations.

“ Piedmont

@ --.-\.-" g0

E}akland =




2. Climate Science & Shoreline Assets

Developed simple, yet
distinct, shoreline
categories based on
primary function and
potential to protect
against inland inundation

Using shoreline categories
in combination with new
inundation maps to
understand transportation
vulnerability and risk




Shoreline Categories: Shoreline Categories:
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New Sea Level Rise Maps
for Six (6) Climate Scenarios

Two sea level rise projections
16" (40 cm) of sea level rise ® mid-century
55" (140 cm) of sea level rise = end-century

Three water level conditions
High tide (mean high high water, MHHW)
Extreme high tide (100-year stillwater level)

Extreme high tide + locally generated wind waves

e
iy
.:.%..;




6” SLR +

100-Year Stillwater Level

55" SLR +

100-Year Stillwater Level
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3. Vulnerability Assessment

Vulnerability: “/s the degree to which a system is
susceptible to, or unable to cope with, adverse
effects of climate change, including climate
variability and extremes.” (IPCC definition 2007)

Vulnerability = exposure + sensitivity +
adaptive capacity

Our ¢
cond

efinition: Sea Level Rise exposure +
Ition of asset + ability to reroute,

comparable facilities available




Exposure to SLR

Measured by depth of inundation at midcentury and end of century

Map 1 of 5: Emeryville Crescent - |-B0/880/580 Maze Area
Inundation Potential

55-Inch Sea Level Rise plus 100-year
Stillwater Levels Extent and Depth

0 -2 Feet Unselected Rail Station
2-4Feet @  Pump Station
4-BFeat BART (Selected)
. G -8 Feet ——+ Railway (Selected)
: 8- 10 Feet Railway (Unsslected)
f 10 - 18 Feet —— Road (Selected)
= 16 Fest —— Road (Unselected)
F ; A Disconnected Low-
RO1 A ". D Lying Areas
Bus routes: C | F | FS | A W
G|H|J|L|LA|EGR ' | j
Amitrak Thruway i — Froeetives 1 Ingh = 1,650 toet
! I nch = 1, ul
‘ n Aszet Code
i Q0 500 1000 2,000 3000
o L FFest

R-12
Bus routes- B |BA|C|CB|E|F|FS|G|H

JLLA | ML | NX | NX1 | NX2 | NX3 | NX4 | . i :
O|OX|P|S|SB|V|W|Z]|200 4 - - ; ! e
Calirans Bike Shutfle | Amirak Thruway 0 - = ] =

M Bncleda Park vy ———

o,

* Disclaimer: The inundation maps and the
associated analyses are intended as planning-
lewel tools te illustrate the potential for inundatior
and coastal flooding under future SLR scenarios
and (they) do not represent the exact location or
depth of floeding or shoreline overtopping. The
maps are based on model outputs and do not
account for all of the complex and dynamic Bay
processes or future conditions such as erosion,
/ subsidence, future construction or shoreline

Francisco
Bay

protection upgrades, or other changes to 5an
y Francisco Bay or the region that may occurin
(' response to SLR. For more context about the
o maps and analyses, including a description of
// the data and methods used, please see

! Adapting to Rising Tides: Transportation
A Vulnerability and Risk Assessment Pilot
Project, Technical Report, November 2011.
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Adapting ro Fisng Tices

Asset
Sensitivity

“ Piedmont

@ --.-\.-" g0

Level of use - Average )
Daily Traffic (ADT) \ .

- E-.—.

volume (cars / trucks) etc - ‘r—wa*a \

Age
Seismically retrofitted

Maintenance (Ongoing
Operations and
Maintenance [O&M]) Cost

Foundation condition

Liquefaction susceptibility

Exposure+Sensitivity+Adaptive Capacity = Vulnerability




Adaptive Capacity

Adaptive capacity: “/s the ability of a system to
adjust to climate change to moderate potential
damages, to take advantage of opportunities or
cope with the conseqguences.” (IPCC definition)

Our definition: ability for
rerouting or comparable
available facilities to
maintain all or part of the
original functionality

Exposure+Sensitivity+Adaptive Capacity = Vulnerability




4. Risk Assessment

Risk is the threat posed by an impact or hazard. It
depends on the likelihood of an impact and the
magnitude of the consequence.

What is the likelihood of the
asset being impacted by sea
level rise?

If so, what are expected
consequences in terms of cost
and time to replace asset,
economic impact, socio-
economic impact, public safety
and degree of redundancy in
the system?

Likelihood + Consequence = Risk




Likelihood and Conseguence

Likelihood: What is the likelihood that the asset

will be impacted by SLR?

Mid century SLR scenario = ‘highly likely’
End of Century SLR scenario = ‘likely’

Consequence: what is the expected impact or

consequence to society if the asset is inundated?
Criteria selected:

Cost of and time to replace asset
Economic impact (goods movement, commuter route)

Socio-economic impact (transit dependent communities, MTC
Communities of Concern)

Public safety (lifeline, mass evacuation route)
Degree of redundancy in the system (ability to reroute)

Likelihood + Consequence = Risk




Asset Risk Profile

Coliseum / Oakland Airport BART Station (T-04)

sset Risk Profile |ErEuaS

Summary
The Coliseumn / Oakland Airport BART Station is a transit facility
serving East Oakland neighborhoods and includes bus transfer
and parking facilities. Pedestrian connections are available to
Oakland Coliseum Amtrak Station, and frequent and direct bus
service is provided from the BART station to Oakland
International Airport. The future Oakland Airport BART
Connector, currently under construction, will provide an
automated guideway transit connection between the station and
the airport. Due to lack of data, this asset was not rated with
respect to sensitivity. Exposure is rated low, due to inundation
under only 100-year SWEL + wind waves for both the 16" and
55" SLR scenarios. No adequate alternative station exists for
oMo O the Coliseum / Oakland Airport BART Station, resulting in a
Vu I n e ra b I | I Ratl n medium vulnerability rating. Consequence is rated high for
g capital improvement costs, commuter use, and sociceconomic
impact; moderate for time to rebuild; and low for public safety
and goods movement, which does not apply. The overall

EX po S u r‘e consequence rating is 3.33, making this a medium-risk asset.

Characteristics:
» Elevated

Se n S i t i V i ty : ?;??ﬂﬁ[ﬂ?;;; BART Lines; AC Transit: 45, 46, 73, 98, ~

356, 805]

Adaptive Capacity =

Data unavailable in project timeframe.

Asset Characteristics

Caliseum | Daklandg
Alrport BART Stabon

T-04
Bus routes: 45 | 46

7 v T - Vi \"‘t- s T Aaeort 73| 98 | 356 | BOS
Liquefaction Susceptibility Medium Ak S
Exposure; Low v ‘\\ : [ P
N / z
Maximum Inundation Depths AN 1 I
b 'y E4
JE%\ o=

Projected Inundation with 16 inch SLR + 100-yr SWEL

c - 167 + MHHW oft . A =
5 % T \\k‘ = —
16" + 100-yr SWEL 0ft

16" + 100-yr SWEL + wind waves YES
1 1 55"+ MHHW oft R —— =
IKEIINOO S A NG
55"+ 100-yr SWEL 0ft* e P ,@ o3
i iseum | Crakland
55" + 100-yr SWEL + wind waves YES ! p . Rirmert BARTHaton
CO n Seq u e n Ce Inadequate Adaptive Capacity (16” SLR): High oz
No adequate alternative station

Vulnerability Rating (mid century): Medium

*The asset is inundated to 0.3 ft at 557 + 100-yr SWEL SLR scenario,
which was rounded down to O ft due to resolution limitations of the
mapping L

a—
I\

o A

Projected Inundation with 55 inch SLR + 100-yr SWEL




5. Adaptation Strategies

Explore potential range of near-
term and long-term adaptation

strategies
e Structural Adaptation Measures
e Nonstructural Adaptation Measures
o Asset-Specific Adaptation Measures
e Regional Adaptation Measures

Evaluated risk profiles to identify
appropriate adaptation measure
for each asset — highest risk
assets are to be addressed first

Next Steps: more detailed
adaptation planning needed




L essons Learned

Creating data inventory for transportation and shoreline assets
was challenging due to inconsistent availability of data and high
level of effort

Prioritizing assets was premature prior to conseqguence analysis
and not acceptable to stakeholders,

Most important asset selection filter was exposure to flooding and
iInundation; asset characteristics and functionality were less
important

Using existing climate science information is insufficient; further
mapping of climate impacts is necessary to understand asset
vulnerability

Need robust definitions or guidance on what exposure, sensitivity
and adaptive capacity mean and how to use them for different
project types

Need early input from stakeholders on how to define consequence
iImpact criteria so that criteria are tailored to local context




Adapting to Rising Tides Adaptation Options: M )
Project Overview .

i _-} % '}; -

® Focus Areas:

® West Oakland/Emeryville/Bay
Bridge Peninsula;

e (akland Coliseum Area; and

e State Route 92 Corridor.

® Adaptation Strategies will Include:
e Structural Measures
® Non-Structural Measures
® Asset-Specific Measures

® Regional Measures

“




For more information, please contact:

Stefanie Hom, MTC Sara Polgar, BCDC
shom@mtc.ca.qovVv sarap@bcdc.ca.qov
510.817.5756 415.352.3654

For a report copy of Transportation Vulnerability and
Risk Assessment Pilot Project, see:

http://www.mtc.ca.gov/planning/climate/Rising Tides Briefing Book.pdf

http://www.mtc.ca.qov/planning/climate/RisingTides-TechnicalReport.pdf




$9 s iom Dyscoms o v o
the Impacts ol Cllmate Change

e~ X
P ' J!E!-“‘
FHWA Climate Change ]Pﬁlnerabl__ ty

Assessment W’eblﬁar

-~

y
Jeffrey Perlman, AICP PP I EED’
North Jersey Trg _.;_;;:j},"j‘ tation Planning Authority




el
o

-""‘

-
F 7

™

ze Relevant

..
-
o~

*




Climate Change Impacts on the
Transportation System

Climate Stressor Affected Asset

Drought & Extreme Precipitation Roads and Bridges

More Frequent Storms

Temperature Increases Aviation

Rising Sea Levels Navigation




Project Study Area

" CONNECTICUT

SUSSEX

@ h. ) 157 New York : -
1Dy * Z

PENNSYLVANIA

! ‘.@s
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: Trenton
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The Way To Go.

[ Central Study Area
[ Coastal Study Area

New Jersey Roadways
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Atlantic Cit
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Inventory of Assets & Criticality

Develop Inventory of Assets Determining Critical Assets

OETWENS Roadways & Bridges
» from the CMS network - Evacuation Routes
Bridges - Access to Jobs

Passenger Rail ~ Volumes
> Amtrak & NJ TRANSIT Passenger Rail
Freight Rail - All Passenger Rail is Deemed

~ NS and CSX, class 3 Critical
Freight Rail

» Class-1 Very Critical
» Class-2& -3 Less Critical

Airports
Wetlands

Tunnels
(Route 29 and Atlantic City Marina)




Determining Climate Impacts

Climate Threats Threshold of Analysis

Sea Level Rise and Storm Surge Temperature
Impacts

» Days above 95 degrees
Temperature and Precipitation

Precipitation
Inland flooding impacts

» Max within a five day period
Scenario Development . Drought

Three GHG Emissions Scenarios:
Low, Medium, & High

Projected climate impacts for
2050 and 2100

Collected historic weather data
from NJ weather stations

»  Number of consecutive dry
days

Cold/Frost
»  Number of frost days




Climate Change Projections — select stations and
emissions scenarios

Baseline and Projected for Select Stations from Average Grids

Precipitation (in) Avg. Max Temp (F) Avg. Min Temp (F)

Station Name Baseline A1B 2100 Baseline A1B 2100 Baseline A1B 2100)

NEW BRUNSWICK
3 5E 4 : . 49.28

ATLANTIC CITY
INTL AP

Baseline and Projected for Select Stations from Average Grids

Days above 95F | Consec. dry days Frost days

Station Name |Baseline|A1B 2100 | Baseline | A1B 2100 | Baseline | A1B 2100

MOORESTOWN| 7.2 33.2 16 18 90 51

ATLANTIC CITY
INTL AP 3.8 22.9 22 20 60




Vulnerability Analysis

Data Inputs Outcomes

Transportation Network Flooding of Transportation
- Roadway Assets

- Rail . Roadways
LiDAR (Digital Elevation » Passenger Rail

Maps) » Freight Rail

Climate Projections Climate Extremes
~ Sea Level Rise and Storm Surge » More days above 95°F

~ Temperature and Precipitation » Increased storm intensity

. Inland flooding impacts » Fewer frost days




Determining Infrastructure Vulnerable to Sea Level Rise
and Storm Surge

Utilized three global sea level rise (SLR) scenarios - .5,
1, and 1.5 meters

Applied high-resolution LIDAR data for ground
elevations

Obtained local subsidence data from NJDEP

Projected SLR and storm surge impacts for 2050 and
2100 for each SLR scenario

SLOSH Modeling to determine storm surge impacts
from a Category 1 Hurricane
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Highways Potentially Vulnerable to Sea Level Rise
& Storm Surge — medium GHG scenario for 2100

Legend




Determining Infrastructure Vulnerable to Inland Flooding

« Estimated potential changes in peak 100-year storm (1% annual
storm event)

» Used climate change outputs as inputs for analysis
 Frost days
e Dry days
 Rainfall

e Same timeframes and emissions scenarios for 2100

» Estimated changes to impervious coverage due to population
growth

» Used updated Digital Flood Insurance Rate Maps from FEMA




Ralil Infrastructure Potentially Vulnerable to 1% Storm

Event — Medium GHG scenario for 2100
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Recent Updates: Analyzing Flooding Impacts
from Hurricane Irene and Sandy

Flooding Incidents
from Hurricane Irene

Irene transportation
incidents

Coded incidents by
location and duration

State Highways and

Major Arterials
-~ Upto 1 day

1-2 days
2-3 days
More than 3 days




Impacts from
Hurricane Sandy

%
>

%

\n.. v

US 48, NJ 31
Downed Tree/Wires
All lanes closed

Pole/Wires
Partial Closure

. =78

' NJ 27: Downed

NJ 23: Downed Wires
All lanes closed

NJ 202: Downed

78 - NJ 28 Downe:
pole. All lanes

closed

NJ 28: Dcm*ecf’m ;
wires. All lanes closed “h}q

NJ 36 & 35 : Downed Wires
All lanes closed
o
R
i S I N A

US 130: Downed \
Infrastructure - AII lanes closed
All lanes closed

NJ 33 Dawn.? NJ 35: Sinkhole
Tree/Wires Sewer Main Break
All'lanes closed oA All lanes closed
"195 J 4: Downed Pole
NJ 88 Downed

' Rt. lane closed
Tree/Wires ‘
All lanes closed '

DRAFT 1/25/2013

Duration of Incidents during Sandy
Lasted for 1 day
@ 1to2days
® 2to3days

. More than 3 days

Excluding construction & delays due to volume

U/

' Intersection closed

Palisade Pkwy

] Operational Activity

e}
||
I 2 { ;
¥80 P GWBridge:
@® sE o Ramp closed

.l “"% "19.

J 20:Downed Pole

Rt. lane closed
NJ 439: Dow‘ﬁed

Treeﬁl\hres
All lands cios%
[ N

Holland Tunnel:.Closed
Operational Activity

JTP/1-280: Sinkhole

ort Newark:Vessel Traffic Only

i

[NJ 7: Downed Wires|
'A” lanes closed

NJ 35: Flooding

All lanes closed
JNJ 37 and NJ 35
Police Activity

All lanes closed

Hurricane evacuation
US 9: Downed Wir

0

NJ 72: Floooding.Police Activity
All lanes closed

2




Roadway Incidents (reported, 10/29/13 to 11/2/13)
Richmond @ Downed infrastructure - pole, manhole, tree, sign or wire
— @ Emergency construction, maintenance or electrical repairs
/ 7 Other Weather-Related
/ ' ® Flooding
r“ﬁﬂﬁa? Toll Plaza 150 cm SLR by 2100, 90th percentile of GCM's, @2050
3, Value
- High : 22.1403

Garden State Parkw

Low : -0

" . : ) - S
"' L- CI u:--l. "A) /4 .
\_,' 6::./ b L \ NJ 3 :‘_= 39/Un| AvN
X N e s6/South of CR 39/Union 2§

ille Rd

!

\ Monmouth i
AN AN A
[ \\ ~_ 0 075 15
e —— Miles
3 N <
ﬂt \ X Source: TRANSCOM, 2012




Next Steps: New York — New Jersey —

Assessment and Adaptation Analysis

South Western 5 roqter Bridgeport

Regional Planning Regla

H al Council
L Y, | ! |
J ) A Suppindy

/" 2 3151-;' g l- = - V

New York Metropolitan
Transportation Council




Further Reading

Visit the NJTPA Climate Initiative for more information

http://www.njtpa.org/Plan/Element/Climate/ClimateChangelnitiative.aspx
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