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Overview of Presentation

—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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Hi!
We are: Nienke Maas, Yanna Badet and Todd Schenk

Who are you?

1) What is your profession? Do you consider yourself a
scientist/researcher? Planner? Practitioner?

2) Are you coming from the private sector? Public sector? A non-
governmental organization?

3) Are you working on infrastructure projects? In what area?

4) Do you work on projects that involve vulnerability assessments? Is
climate change considered?

5) Is uncertainty a factor in your decision-making processes? Is
climate change a significant source of uncertainty?



The Challenge...

...for adaptation in a regional and local planning context:

Uncertainty — When, where and how exactly...

Other barriers that have kept us from having planned
(read: low-cost) responses ready:

« Politics and competing interests

 Short-term focus (versus long-term)

« Cost of adaptation strategies (especially large-scale
Infrastructure)

 Ineffective public processes



Approaches to Adaptation

Reactive — Measures taken after impacts felt

Proactive (or anticipatory) — Measures taken proactively to
prepare for potential future conditions/impacts

Flexible — Multiple options left open so that the infrastructure in
guestion may be easily modified as conditions change or
become clear



Barriers: Real Uncertainty



International Energy Agency (IEA) fossil fuel CO2 emissions data (black) compared to IPCC Emissions Scenarios

(colors). The IPCC Scenarios are based on observed CO2 emissions until 2000, at which point the projections take

effect. We are approximately on track with Scenario A2 from the IPCC Special Report on Emissions Scenarios (SRES). Data
sources: up to 2008 (2009 is 29 Gt, 2010 is 30.6 Gt); IPCC SRES data ( ).

http://www.ipcc.ch/ipccreports/sres/emission/data/allscen.xls



Barriers: Real Uncertainty



Barriers: Real Uncertainty

National Research Council (NRC) (2012) Regional SLR
Projections near San Francisco, CA

Year Projection Range
2030 15.25 cmt 2.0 5—-30cm
2050 28 cm+ 3.6 12 - 60 cm

2100 91 cmz 10.0 42 — 166 cm



Barriers: Manufactured Uncertainty




Barriers: Competing Interests

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



Barriers: Poor Public Processes
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Barriers: High Cost of Adaptation

450 million EUR Maeslantkering storm surge barrier | n
/ -
R Otte rd am (http://en.Wikipedia.org/wiki/FiIe:Schip_dat_de_MaesIantkering_passgeurltéjt;g;))(



Objective: Overcoming these barriers
to advance effective adaptation in
Infrastructure planning



Strateqgies:

#1 Multiple scenarios
(Todd)

#2 Effective stakeholder engagement
(Todd)

#3 Risk and vulnerability assessment

(Yanna)



Exploring how decision -makers can
prepare for uncertain climate futures







—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




—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)

Option A = Low road

ption B = High road




Strategy #1: Multiple Future Scenarios
A New Connection in Westerberg




Risk assessment version (alternative or ‘control’ g roup):

More traditional forecast of probable future conditions, with
confidence interval, or at least acknowledgement of

uncertainty...
For example:

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




| 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. Interests cannot be
ignored

—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




CONSENSUS BUILDING ESSENTIAL STEPS

CONVENE CLARIFY
RESPONSIBILITIES
Initiate DELIBERATE
DECIDE IMPLEMENT

discussion
Specify roles and
responsibilities AGREEMENTS

Prepare an issue of the convenor,
assessment facilitator,
representatives

Strive for
transparency

Seek unanimity
on a package
or proposals to
maximize joint

Seek ratification by
constituencies

(including
Use the assessment a/ter nates) and ,,‘?l%e/;,%'[;aeg_mp ut gains
to identify appropriate| | €xpert advisors f/nd/,{g
stakeholder -—| /]
representatives / / Set rules for the Present approved
involvement of Seek to maximize Specify contingent| | proposal to those
o . observers joint gains through commitments, if with the formal
[F inalize /gomm/m]enfs Collaborative appropriate authority and
appropriate stakehoiay] Setagenda and | | probiem-solving responsiiiy 1o ac
representatives ground rules L/
f Use the help of Adhere to
Decide whether to ASISQSS p a professmngl cﬁegcr/ 53"7" gnulevg%ng g’% ’I gg‘fgo"% (JOI‘/I7l;g of
commit to a consensus| 9pUons ior neutral
building process co/rrrzun/cat/ng procedures implementation
with the groups
represented
Make sure thOSE’ I-n as We// as the Sepal’afe Invel’ltll’lg
positions of authority /commun/ty -at- from committing Keep a written Provide for
agree to the process arge ! gg%% ,?77; 1,‘;7; adaptation
ingle text to changing
[ / / pgggeadjreg cfe / / p”;fg ce;p%% Z{ge circumstances

From The Consensus Building Handbo@age, 1999)
Copyright © 2008 by Consensus Building Institute
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| 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?




How effective Is the tool itself?

— Participants very positive. Technical people gain new
appreciation for policy element/interests. Policy people
gain new insights on nature of uncertainty

— Good for teaching skills, introducing tools and initiating
multi-stakeholder processes

—Necessarily gross simplifications of reality, so need to
‘ground truth’ and dig deeper with debriefs and
extensive follow-up interviews







San Francisco Bay
& Pilot Model Area

Bay 1/3 smaller
than in the 1850s

because It's
shallow and was
filled to create
more land



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

Source: California Climate Action Team Report 2006

This is a graph of sea level rise in San Francisco Bay.
The most important thing to note about this graph is that it is not a prediction.
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
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ART Project Management

— San Francisco Bay Conservation
and Development Commission

— NOAA Coastal Services Center

—U.S. Department of Transportation
Federal Highway Administration

— Metropolitan Transportation Commission

— California Department
of Transportation

— |CLEI Local Governments
for Sustainability



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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Local and State Transportation Agency Involvement

Lots of critical
transportation
Infrastructure in Bay
Area

Interest in Pilot Model
to:

e Invest wisely

* |ead by example
« keep people moving
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Federal Highway Administration
Vulnerablility and Risk Pilot Model

- MTC,
BCDC,
Caltrans

« Funded:
Federal Highway
Administration
(FHWA)

- Budget:
$300,000

« Timeframe:
approx 1 year



The Pilot Model

. Data Asset Inventory,
Asset Screening and
Prioritization

. Climate and

Shoreline Information

. Vulnerability
Assessment

=Exposure + Sensitivity
+ Adaptive Capacity

Risk Assessment

= Likelihood +
Consequence

. Next Steps/
Adaptation Strategies






Asset Characteristics

— Physical Characteristics
bullt 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,
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.




Project area and
assets



Sea Level Rise Projections as per State Planning Gu  idance

0 # 112
33.'/0 1) # 1 2

Three scenarios - inundation, flooding, and
storm events

$445
002 56+
002 56+



Shoreline Assets

- Engineered Flood Protection Structures
« Levees
- Flood Walls

- Engineered Shoreline Protection
Structures
- Bulkheads
« Revetments

- Non-Engineered Berms

« Wetlands
« Natural
- Managed
- Tidal Flats

- Natural Shorelines
/Beaches (non-wetland)



Vulnerability is the susceptibility of people, prop erty,
and resources to a hazard. It depends on the type of

Impact, and the sensitivity and adaptive capacity o f the
Impacted.

Vulnerabllity
exposure +
sensitivity +

adaptive capacity



20:


















“Weak links”

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

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









Sensitivity “is the degree to which a system is affected by a

climate impact”

—What makes an asset more sensitive to sea level rise?
Physical characteristics Management status
Community characteristics Ecological health



Sensitivity of Materials to Climate Change Impacts

Material CO, |Cyclones| Sea |Extreme | Annual uv Bushfire Drought

& Storms | Level | Rainfall | & Max

Rise & Temp
Floods

Concrete M M L-M
Metals L M
Mortar L
Timber L
Coatings L
Polymers L
L Low

© AECOM - Climate Sensitivity of Materials Research
South Eastern Australia Region 2007

Moderate

M
High
Extreme




“the abllity of a system to adjust to climate change, to
moderate potential damages, to take advantage of
opportunities or cope with the consegquences



Adaptive Capacity: San Francisco — Oakland
Bay Bridge Approach




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

Integrated Risk

Likelihood +
Consequence



“Consequence” refers to the impact on the wider region of the inundation
due to SLR.

Consequence Detall Ranking

Capital improvement cost | (original cost in 2011 $) Cost to

restore to same design standard/
infrastructure type

Time to rebuild when If rebuilding is possible
damaged beyond use

Public safety Lifeline/evacuation route |mpact

Economic Impact (commuter route) Ridership/train
load for transit, and/or freeway
Socioeconomic impact Would affect transit-dependent

population/ MTC communities of
concern




— Adaptation strategies flow from Vulnerabllities, Risks and
Consequences

— Risk Profiles to help identify adaptation options such as
Structural Adaptation Measures

Nonstructural Adaptation Measures

Asset-Specific Adaptation Measures

Regional Adaptation Measures



San Francisco — Oakland Bay Bridge Approach
Adaptation Strategies



Strategy Options

— Improve drainage

— Create berm or floodwall
—Wetland enhancement
— Raise wetland edge

— Raise Road Surface, build perched wetlands at edge or,
If slower rate of rise and adequate sediment supply,
sustain tidal wetland



Lessons Learned

65

Create data inventory
processes

Exposure is elemental

Engage all key stakeholders
(city and local agency
planning staff) early and
throughout — worked well

A regional, collaborative
process is necessary to
address the longer —term
Issues with SLR

The consequence of inaction
by local agencies should be
reflected in assessment



Discussion: Multi-stakeholder Planning +
Decision -Making

—What experiences do you have with collaborative
planning?

— Has it worked In practice?

—What are the keys (and barriers) to success?

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




Discussion: Uncertainty

— Can single forecasts be sufficient? How can we use them
effectively while recognizing their uncertainty?

— Are scenarios an effective way to deal with uncertainty in
practice? Do they enrich or overly complicate decision-
making? Is the scenario planning approach workable in
practice?

— Are there alternative ways of reconciling with uncertainty?

—Is flexibility a viable solution? How do we maintain flexibility
In practice?




Discussion: Governance Regimes
+ |nstitutions

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

— Did the presented strateqgies take them into account
adequately? How can they effectively do so?

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




Discussion: Adaptive Capacity

—Is decision-making for climate change really so different,
presenting new challenges to existing capacities?

—How do we assess and strengthen adaptive capacity?

—What are the primary limitations/needs currently?

—What did you learn from the strategies presented? Can
they help? Are they potentially applicable in your world?
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