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— The Challenge: Uncertainty. Barriers to behavior change
and proactive planning/decision making processes

— The Harboring Uncertainty Project
— Adapting to Rising Tides Project

— Lessons learned and discussion
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We are: Nienke Maas, Yanna Badet, Todd Schenk
And who are you?
1)What professions are represented in the audience?
Please raise your hands:
e Scientists & Researchers? Planners & other practitioners?
* Private Sector? Public Sector? NGO representatives?
2) How many of you are working on Infrastructure projects?

3) Have you ever done a SLR vulnerability assessment for a project?

4) Do you have a project that you are considering doing a SLR
vulnerability assessment on?

5) Is ‘uncertainty’ a factor in your decision making processes?



for Adaptation in a regional and local planning context:
Uncertainty — when, where and how exactly

Other Barriers — that kept us from having planned (read: low-cost)
responses already

Politics and competing interests

Short-term focused versus long-term

Cost of adaptation strategies (esp big infrastructure)
Ineffective public processes



Barriers: Real Uncertainty
MAKE MORE UP-TO-DATE

MuLti-MopeL AVERAGES AND AssesSED RANGES FOR Surrace WARMING
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The graph shows model projections of the Lower Emissions g Higher Emissions
number of summer days with temperatures Seenario Seenario
over 90°F in Boston, Massachusetts,

Hayhoe et al.>*°

Hayhoe et al.?®

Model projections of summer average temperature and precipitation

under lower and h|gher (referred to as changes in lllinois for mid-century (2040-2059), and end-of-century
« . » . (2080-2099), indicate that summers in this state are expected to feel
even hlgher on page 23) emissions progressively more like summers currently experienced in states south
scenarios.91 The inset shows projected and west. lllinois is projected to get considerably warmer and have less
' summer precipitation.
days over 100°F.%%°
Source: Source:
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National Research Council (NRC) (2012) Regional SLR

Year

2030
2050
2100

Projections near San Francisco, CA

Projection Range
15.25cmt 2.0 5—-30cm
28 cm+ 3.6 12 — 60 cm
91 cm= 10.0 42 — 166 cm



ASSESSING THE IMPACT OF CLIMATE CHANGE ...

THE SCIENTISTS THE POLITICIANS

wNqudyQg uyor @ 860-2002 20/61



NonScientist

9 March 2009 No2 6656 Australia 5750 0nc GST

ExXoN /7 T WAVE BEEN \NFORMED FRoM
1 A REVABLE SOURCE , THAT THIS

MOB\/L‘ "GLOBAL WARMING" 1S {UST

Zoozlo|: NOTHING BUT JUNK SCIENCE !,

defend corrupt
ientists & attack
paid volunteers

www.seppo.net @'75‘%&%’ W.‘r!ﬁb.nd

Source: http://www.globalchangeblog.com/2009/11/why-dont-people-engage-climate-
change-part-5-a-perfect-storm-of-climate-change-denial/

i% It's the last placefoud expect
@ tofind logic and reason

BONO FLIES
ﬁ?&e&ggigm COCONUT POWERED “ ”“ ” “
PLANE 2 Meters! ||

Source: http://wattsupwiththat.com/2009/12/15/news-on-the-new-non-scientist/



Barriers: Competing Interests

Photo courtesy of U.S. Army Corps of Engineers
Superstorm Sandy levee repair in Montoloking, New Jersey :



"ACT NOW!

Sources: (above); - 45 :

Source:http://www.earthisland.org/journal/index.php/eij/article/whos_to_blame_for_the_impasse_in_globa

imate_talks (top-right); :
(bottom right)




TS GETTLED...

WE AGREE TO SIGN
A PLEDGE TO HOLD
ANOTHER MEETING
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Objective: Overcoming these barriers
to advance effective adaptation in
infrastructure planning



Strateqgies:

#1 Multiple scenarios
(Todd)

#2 Effective stakeholder engagement
(Todd)

#3 RiIsk and vulnerability assessment

(Yanna)



Climate change is
increasing Possible new tools Role-play
uncertainty and may like scenario simulation

challenge institutions planning exercises




—Westerberg is a major port city in the fictional
country of Palgrond

—Major congestion on existing A3 highway,
Impacting both the port and broader city

—New highway (A39) proposed as a solution to
the congestion problems

—However, a new report — the Westerberg
Climate Impacts Assessment — suggests that
the proposed A39 could be vulnerable
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—The Transportation Agency has pulled together
a multi-stakeholder group to evaluate the
threats and possible responses: The A39
Climate Change Evaluation Group (A39-C)

 Municipal traffic agency, port, national agencies,
environmental group, Alderman’s rep

—The group Is tasked with evaluating various
options for the A39, considering potential
climate change




A New Connection in Westerberg (RPS)
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Wet and Quiet
Precipitation and/or riverine flooding leads
to higher water levels in the near future
Vehicular traffic volume remains constant
or declines in the coming years

Wet and Busy
Precipitation and/or riverine flooding leads
to higher water levels in the near future
Vehicular traffic increases steadily and
substantially in the coming years

Dry and Quiet
Slow or no increase in precipitation and
flooding risks

Vehicular traffic volume remains constant
or declines in the coming years

Dry and Busy
Slow or no increase in precipitation and
flooding risks

Vehicular traffic increases steadily and
substantially in the coming years

No probabilities, qualitative in nature...
Looking for options that are robust in various possible futures




Risk assessment version:

Warming is very likely. Mean annual temperatures are projected to
increase by: 0.75 - 1.5 °C by 2030; 1.5 - 3 °C by 2050; and 2.5 -4 °C
by 2080

Changes in precipitation are not as certain, but are forecasted to
increase by: 0 — 5% by 2030; 3 — 10% by 2050; and 6 — 15% by 2080

— Anything over a ~7% increase in precipitation would cause major
problems for low-lying infrastructure, requiring major reconstruction or
significant dependence on pumping. This could be particularly
problematic with option A




Risk assessment version:

Understanding changes in storm intensity and associated flooding is even
more challenging, but the frequency of what are currently 500-storms (meaning
the probability of a storm of that intensity occurring in any given year is 1:500) is
projected to increase to: 1:400 (i.e., once every 400 years on average) by 2030;
1:250 (i.e., once every 250 years on average) by 2050; and 1:150 (i.e., once
every 150 years on average) by 2080

— Current regulations for A-class roadways stipulate that they should be built to
the 500-year storm threshold and older roads vulnerable to 200-year storms
are flagged for attention. All four road options would be protected from 500-
year storms using current storm patterns and flood maps, but their vulnerability
— particularly of options A and D (at current road level and design) — is
expected to increase under climate change




Risk assessment version:

Sea level rise and water level rise in the river and harbor -
insofar as they are tidal and will also be impacted by upstream
precipitation - are extremely likely. The projected rise from current
levels is: 5to 12 cm by 2030; 15 to 30 cm by 2050; and 30 to 60
cm 2080

— Coupled with high tides, a rise of more than 30 cm would flood
parts of the existing A3, causing catastrophic traffic problems.
Unless addressed during reconstruction, these impacts would
extend to option D. Sections of the proposed A39 under option A
may also be vulnerable to flooding with a water level rise of
more than 30 cm




L essons learned:

—Scenarios make uncertainty more explicit

—This may lead to more robust decisions, but can
also be a reason to delay action

—Strong preference towards single forecasts or
probabilities. Hard to use scenarios

—Flexibility is an alternative that many suggest may
be an appropriate way to deal with uncertainty




—Challenge: Traditional institutions are not aligned
for managing significant uncertainty and emerging
threats like climate change

—Solution: Bring decision-makers and other
stakeholders together for face-to-face dialogue.
Collaboratively evaluate the situation and options,
seeking consensus on a plan to move forward
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L essons learned:

—Decision-making is traditionally fairly informal, with
familiar actors interacting in various ways

—Divide between the technical and the political -
Interests dominate the political, while data
dominates the technical. Lack of mutual
understanding and appreciation

—Benefits In bringing technical and political together




Variation based on governance regime:

—Neo-corporatist (Rotterdam)
—Neo-pluralist/neo-liberal (New York)

—Technocratic/Authoritarian (Singapore)

How does climate change adaptation and the use of
these strategies in infrastructure planning vary
across regimes?




Strategy #3: Testing a Risk and Vulnerability Assessment
Pilot Model

—Sea Level Rise in the Bay Area

—Risk and Vulnerability Assessment Pilot Model for

Transportatien Infrastructure

| P Tl J .
—Exercise leading through the process and to-an R
~Adaptation Option :

-




The San
Francisco
Bay today
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San Francisco-observed sea level with trend
of 19.3 cm (0.63 feet) rise per century

San Francisco
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Source: California Climate Action Team Report 2006

This is a graph of sea level rise in San Francisco Bay.
Thg mogt important thing to note about this graph is that it is not a pred'CtlonAECOM
This is history.



Sea Level Rise in the San Francisco Bay Area

http://www.californiakingtides.org/ - King Tides are providing a glimpse of the

future
Presentation Title May 1, 2014 Page 33 A;-COM



ART Project Management

— San Francisco Bay Conservation
and Development Commission

— NOAA Coastal Services Center

— |

—U.S. Department of Transportation Ct fwt
Federal Highway Administration cvg
Gforans

— Metropolitan Transportation Commission ™

— California Department
of Transportation

— |CLEI Local Governments
for Sustainability ICLEI

Local
Governments
for Sustainability:OM



ART — What are Californians doing about Sea Level Rise?

State guidance
« Executive Order S-13-08
« California Sea Level Rise
Interim Guidance Document
> 16 inches/ by 2050
> 55 inches/ by 2100
« California Climate Adaptation
Strategy
« Caltrans Guidance on
Incorporating Sea Level Rise
Local guidance
 San Francisco BCDC Bay Plan
Amendment No. 1-08
* Local government: Solano
County Sea Level Rise
Strategic Plan; Marin
Countywide Plan; Contra
Costa General Plan; Napa
County County General Plan

Then-Governor Arnold Schwarzenegger
addressing Sea Level Rise in the SF
Bay in 2008
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MENDOCINDOD

Local and State Transportati

"\_ SONOMA

™y 1) 4
I h Y - - SACRAMENTO

Lots of critical
transportation
Infrastructure in Bay
Area

Interest in Pilot Model
to:

e Invest wisely

* lead by example K-
 keep people moving .
D

Page 36
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Federal Highway Administration
Vulnerability and Risk Pilot Model

MTC,
BCDC,

Climate Information

Inventory of Assets

Caltrans inventories .
Funded: evaaion s SORR el ..

F e d e ral H i g hWay ::':';:lﬁr:n::: Hi_gh Ii_:eli_hu-udJ’Highmagn_itude
Administration oo it
(FHWA)

BUdget: . Within scope of
$300,000 ”:w

Risk Assessment pilot

Monitor and revisit Low risk _ What is 1he medium Identify, analy_lze, md pricritize
ap p rOX 1 ye ar as resources allow - integrated risk? rick - adaptation options




DATA ASSET INVENTORY CLIMATE INFORMATION

Conditions + Projections

Data Assessment @ Identify Regional Climate

* |nfrastructure
+ Facilities e Sea Level Rise [16”, 55”]

* Existing Vulnerabilities * Storm Events
+Stressors

Asset Screening + VULNERABILITY Potential Effects @
Prioritization ASSESSMENT o |irading
* SLR-Filter * Exposure e Inundation

* Function & _ e Sensitivity * Structural Instability
Characteristics P e
* Adaptive

Capacity

Data Asset Inventory

Asset Screening and
Prioritization

Climate and Shoreline 1

Information

RISK ASSESSMENT

Vulnerability Assessment

=Exposure + Sensitivity +
Adaptive Capacity

franspo qon ased ol
'infr‘asFt’?uct_ure + shoreline

> society ‘asset info
f Key:
'y Stakeholder :

Involvement

Risk Assessment
— L| ke | | hOOd L Vulnerability is the susceptibility of

people, property, and resources to a

Consequence hazard.
Sensitivity is the degree to which a ADAPTATION OPTIONS

service or asset is affected.

Next Steps/ Adaptation

Adaptive capacity is the ability to * Development of

1 accommodate future climate change 5 "
St rategles conditions. ¢ Adaptatlon Optmns for
assets most at risk
Risk is the threat posed by an impact or |
hazard (flooding or inundation). -
It depends on the likelihood of an impact AZCOM

and the magnitude of the consequence




Adapting 1o fisng Tices

Folenllal Bea Leved Fise

[ & nche
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1. Asset Data { L =
Inventory : 5T y

gOUTHEHNI,p" -'.':":'_ \
Alar nw-da&*“»z

Identified information we needed s
to collect about each asset \’4

Collaborated with MTC, BCDC,
Caltrans and local agencies to
collect it

Bay Trall Aignment
Source: ABAG, 47142011

Mumber of Reconds: 779




Adapting to Rising Tides

Transportation Assets

Interstates/Freeways Ferry terminals

Arterial, collector and local
streets

Transportation Management

Centers

Road tunnels/tubes Bus Maintenance Facilities

Bay bridges BART System Assets

Alameda bridges Passenger and Freight Yards and

BART stations Depots

BART alignments Pedestrian/ Bicycle Facilities

Amtrak stations Transit associated with all

Passenger/freight rail road assets
alignments




2. Asset Screening |
and Selection

o

]

Organized assets
into asset
categories:

Road

Transit

Facilities
San

B|ke / PedeStrIan - l e Francisco

Bay

First Filter=
buffer;

SLR plus

Source: MTG, 4/2011 (2008)

il Efation

Aciirak Capliol Carridor

[ ——

=1} By Ares Rapid Transit
— il e Ve
Bax Roube
Admeds County
A Transit (Trarssay Senice]

——— \mep Bayink Famy
Ferry Routes
— Ookand-3an Francsco

—— Zan Francisco-Alameds

Adapting ic Fena T

Potentis Sea Level Rise
[ 5 inches

[ st inches

+ Amort

T Commter Ral Stafior
O Sy Temna

Ef-inch SmaLevel RE
with: 12-4s Bufer

1ineh = 070 rales

P

Bearmm: Ao ridgen - Armss Coonly Pk W, XH1

Calrene, 2011 Sowtn

Brisges - Coftrars, 2011

Affribues

i = Bus Routes
] ]
e [ [ . o
T L Source: MTC, 472011 (2008)
ETCe v T
T CoEE T oA | | Aliritages
18 LOCATD el Pl i
LOCATIONTY FD E3
[T_mimELT Shapa Foigina M
— EpCount 47
- — Telsl S R
Er MR A ACENCYRAM AT Trarsd [Trarsbeay Senvios)
S ods gl Bap S0 FOUTED E‘I"
ROLTEWAME HTD PATTER L
[ETATICH Fe [CoimsuriCweand Arpor CPT_MOOE E]
ETaTE Luxi=g Shad Lifg 45483 Gal




Adapfing to Fisng Tides

Characteristics

Physical Characteristics
built at-grade, below grade, or

elevated on embankments or
structures;

Functional Characteristics,
lifeline routes, evacuation
routes, goods movement
routes, transit routes, and bike
routes;

Jurisdiction, o r N RGOS

. ) : . PR N San NGy :
agency, city or other entity with R AN
ownership and/or management ' X

responsibility for the asset;

Social/Economic Functions,

connecting to jobs, regional
importance, and support of
transit-dependent populations.




Adapting to Rising Tides

3. Climate and Shoreline Information

Reviewed Climate Information; Mid-century 16
inches, end-of century 55 inches SLR

Developed simple/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 vulnerability and
risk




Adapting to Rising Tides

Shoreline Inundation and Flooding
New Sea Level Rise Maps for the Study Area:

<  Two Sea Level Rise Projections
16” (40 cm) of sea level rise = mid-century
55” (140 cm) of sea level rise = end-century

Three scenarios - inundation, flooding, and

storm events
= MHHW
= 100-year SWEL
= 100-year SWEL plus locallv generated wind/wave action

100 yr SWEL




Adapting to Rising Tides

Shoreline Assets

<~ Engineered Flood Protection Structures

= |evees
» Flood Walls

Engineered Shoreline Protection Structures
= Bulkheads
= Revetments

Non-Engineered Berms

Wetlands
= Natural

= Managed
= Tidal Flats

Natural Shorelines/Beaches (hon-wetland)

e
[ty
o




4. Assessing Vulnerability

Will the asset experience the
climate change impacts?

If so, to what degree will that
asset be impaired?

Photo: N. Girling

Can the asset adjust without
significant intervention?




Vulnerability Assessment

Vulnerability

exposure + sensitivity + adaptive capacity

Page 47 A:COM



Adapting to Rising Tides

EXPOSURE




Adapting to Rising Tides

“Weak links” Analysis

=|dentify the locations in the
shoreline protection system where
overtopping and thus inundation and
flooding is likely to occur in each
scenario

=Determine the total amount (length)
of shoreline overtopped in each
scenario

=Consider if there are plans to
improve shoreline protection in the
identified weak link areas




Sensitivity:

Physical characteristics
Management status
Community characteristics
Ecological health




Adaptive Capacity

7

.H"H,httD://www.freefotgfcom/index.isD hy#h:#hews.bbc.co.uk/a/hi/in pictures/6237100gtm




Adaptive Capacity: San Francisco — Oakland Bay Bridge
Approach

Sensitivity: High
Year Built 1936: widened 1962

New span under
construction

Level of Use

Peak Hour 16,300
AADT 251,000
AADTT 6.476

New span under
construction

"+ MHHW

"+ 100-yr SWEL

"+ 100-yr SWEL + wind waves
55" + MHHW

"+ 100-yr SWEL

[\

Vulnerability Rating (mid century): High




5. Determining Risk

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?




6. What about Adaptation Strategies?




San Francisco — Oakland Bay Bridge Approach
Adaptation Strategies

Sensitivity: High
Year Built 1936: widened 1962

New span under
construction

Level of Use

Peak Hour 16,300
AADT 251,000
AADTT 6,476

Seismic Retrofit New span under
construction

Annual O&M $721,000

Liquefaction Susceptibility

Exposure: Medium
Maximum Inundation Depths

"+ MHHW
"+ 100-yr SWEL
"+ 100-yr SWEL + wind waves
h5" + MHHW
9"+ 100-yr SWEL
55" + 100-yr SWEL + wind waves
Inadequate Adaptive Capacity (16" SLR): Medium
BART and ferries provide alternate routes

Vulnerability Rating (mid century): High




rategy Options




— Regardless of the strategy chosen, we need to increase
adaptive capacity:
* If scenario planning, new ways of dealing with multiple possible
futures rather than single forecast status quo

* |f multi-stakeholder, new ways of reconciling competing interests and
uncertain information

o If....



—What experiences do you have with collaborative
planning?

—What are the keys to success?

— Do you use neutral facilitators and process experts? Why
or why not?



— Are single forecasts sufficient?

— Are scenarios an effective way to deal with uncertainty? Do
they enrich or overly complicate decision-making?

— Are there alternative ways of reconciling with uncertainty?

—How do we maintain flexibility in practice?




—What constraints do existing governance regimes and
traditional institutional environments present?

—How do we work with or effectively alter institutions, given
emerging and dynamic threats like climate change?



—Is decision-making for climate change really so different,
challenging existing capacities?

—How do we assess and strengthen adaptive capacity?

—What are the primary limitations/needs currently?



Other barriers?
Suggestions Re: Strategies?
Pilot Model?



