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Today’s Discussion — Levee Investment Priorities
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Questions for the Day

<~ Do the approach and decision support tool provide the
right information to help you identify high risk areas in
the Delta?

<~ \What recommendations do you have for working with
stakeholders and communities with the decision
support tool?
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Delta Levees Investment Strategy
Applying Risk Analysis to Levees in the California
Delta

October 12, 2015
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1 Approach to Risk 4 Advantages
Analysis Offered
Independent
Science Review
3 Risk to State
Interests
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APPROACH TO RISK
ANALYSIS



DLIS charge: Use risk to set priorities

<~ \Water Code 85305 (a): The Delta Plan
shall attempt to reduce risks to people,
property, ands state interests in the Delta California
by promoting effective emergency Code o Regiiations
preparedness, appropriate land uses, and
strategic levee investments.

<~ \Water Code 85306: The Councll...shall
recommend...priorities for state
Investment in levee operation and
maintenance.
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Current level-of-protection options

<~ FEMA (100-year)
<~ CA (200-year for
urban areas)

Z PL 84-99 (USACE)

\

DWR - 200 year (DWR Urban Levee Design Criteria 2011)
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Challenges with current level-of-protection

Focus Is on the hazard, ignores consequences

Favors structural solutions

Implies that risk can be eliminated, ignores residual risk
Very difficult to measure cost-effectiveness

Limited ways to prioritize investments

Y YN

LOWER RESIDUAL RISK A

Slightly larger flood brings shallow

HIGH RESH}UAL RJSK inundation and minor damage

4 Slightly larger flood brings deep

inundation

FLOOD HEIGHT (ft)
0

and major damage

11
DELTA STEWARDSHIP COUNCIL



Risk analysis approach represents best

practice

| 'Eest:,'ﬁmctices in Dam

<~ Global experience A coroty o
Analysis
—  Netherlands \ S
— Japan . A4 W

—  Canada
<~ USACE and USBR for dams

<~ USACE for levees
(forthcoming)

< National Research Council =
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When it comes to levees, there are two types:

< Those that have been
overtopped by floodwaters

<~ And those that will be overtopped
by floodwaters

William Hammond Hall,
1895

If there are consequences from flooding, then the
risk i1s real
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RISK
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Level of Risk

Managing Flood Risk
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Who and what are in harms way (Exposure)?
What are the hazards : o HQw.s“Uéceptlble to harm are they
am:] how "WWWWWW perform in thegacer; | (Vulngiat lhtsé?*He?w much harm is caused?

to occur? it
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How do we measure risk?

Risk = (Probability of
flooding) x
(Conseqguences, or
harm to assets)
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Consequences: What is in harm’s way?

People (residents, workers, visitors, travelers, etc.)

Property (assets including homes, farms, businesses,
Infrastructure, etc.)

Water supply (in-Delta use, exports, water guality, etc.)
Ecosystem (changes to habitat)

Delta as Place (legacy towns, agriculture, cultural and historic
resources, etc.)

Gather and use existing information. Build in the ability
to update as better information is found.

y )

Y
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Data sources

3

67 sources (DWR, Delta Plan,
FEMA's HAZUS)

Investigated for age and quality
Updated whenever possible

Checked with agencies, RDs, and
stakeholders

Input as replaceable modules

YV

)
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What is the probability that a Delta island will

flood?

Probability (island flooding) = Probability (river flooding)
+ Probabllity (seismic flooding)
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What is the probability of river flooding?

<~ |nitiating Event The probability
that water will be at a particular
elevation

< Fragility Curve The probability
that a levee will fail when the
water Is at a particular elevation

Probability (river flooding) = Probability (river stage) x
Probability of levee failure
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What Is the probability of flooding from

earthguakes?

nitiating Event The probability that an earthquake will occur

~ragility Curve The probability that a levee will fall at a
particular level of ground shaking

y )

Probability (seismic flooding) = Probability (earthquake)
X Probability of levee failure

DELTA STEWARDSHIP COUNCIL



RISK TO STATE INTERESTS



Risk = Probability x Consequences

<~ (Consequences, what's In
harm’s way?
—  Loss of life
—  Property damage
—  Water supply disruption
—  Ecosystem damage
—  Harmto Delta as Place

Calculated separately for each State interest via
metrics
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Which levees pose the most risk to State

Interests?

<~ Calculate risks to State
Interests island by island

<~ Evaluate and compare
risks to State interests
—  Life loss
—  Property damage
—  Water supply disruption
—  Ecosystem damage
—  Harm to Delta as Place
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Delta Risk Maps inform the
decision-making process

DELTA AS PLACE

; )} ..f'/" ECOSYSTEM RISK
o WATER SUPPLY RISK
. FLOOD DAMAGE RISK
(EAD)
Legand
“;;:;.“""‘"””‘"“”“”“”"‘“ LIFE LOSS RISK (EAF)

- - = = gy
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How do we reduce risk?

<~ \We cannot change river
stage (it may get worse with
sea level rise)

<~ We cannot stop the
earthquake (the next one
may be closer in time)

<~ \We can implement non-
structural actions

<~ \We can improve levees

27
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Improved levees reduce the probability of

flooding

Re-calculate the probability of flooding using the
performance characteristics of the improved
levee.
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If we iImprove levees...

How much will it cost?

<
<~ How much do we reduce
risk to
—  Life and property?
—  Water supply?
—  The ecosystem?
—  Delta as Place?

<~ |s It cost-effective?
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Enables establishing priorities to reduce risk to

State Interests

<~ Life loss and property
damage

<~ Water supply disruption
<~ Ecosystem damage
s

Harm to Delta as a
Place
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ADVANTAGES OFFERED



Advantages of the Risk Analysis Approach

<~ Facllitates <~ Recognizes

— Understanding risk — Risk cannot be eliminated
— Managing risk — Absolute protection is not
— Communicating risk possible

<~ Considers

— Full range of assets
protected
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Advantages of the Risk Analysis Approach

<~ Accounts for structural
and non-structural options

<~ Enables
— Evaluation of trade-offs

— Assessment of cost
effectiveness

— ldentification of priorities

<~ Ensures efficient use of
finite resources
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Advantages of the Risk Analysis Approach

Quantify amount of risk reduction (Water Code)
Evaluate trade-offs (including non-structural options)
Measure cost-effectiveness of investments

Prioritize investments (Water Code)

YOS
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INDEPENDENT SCIENCE
REVIEW



Independent review panel confirms risk

analysis approach

“The Panel considers the proposed
methodology and Planning Tool to have
worthwhile potential in assisting the
decision-making of investment priorities
for levees...[D]evelopment of the
methodology and Planning Tool
appears to be on a good path going
forward.

DELTA STEWARDSHIP COUNCIL

Methodology and Scientific Basis to Support the
Delta Levee Investment Strategy

Report of the Independent Science Panel Review

To the Delta Science Program

James Mitchell (Chair)
Virginia Polytechnic Institute & State University (Emeritus)

Nathalic Assclman, Deltarcs
John Bolte. Oregon State University
Susan Cutter. University of South Carolina
Martin McCann, Jack R. Benjamin & Associates, Inc.
Ari Michelsen, Texas A&M University

Kenneth Rose, Louisiana State University
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Key recommendations from the Panel

<~ Metrics -- revised

—  Water supply, ecosystem, Delta as
Place

<~ Data quality — under review

—  Age

— Sources and magnitude of uncertainty
<~ System effects — under review

—  Multi-island failures

—  Domino effect
— Infrastructure protected by Delta levees

37
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CONCLUSION



Risk analysis helps the Council implement the

flood management investment strategy

Facllitates communication

Compares structural and non- State Investments
. in Delta Levee
structural alternatives ranevees

Evaluates trade-offs
Assesses cost-effectiveness

Prioritizes investments to reduce
risk to State interests

Y

Y

January 2015
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Today’s Discussion — Levee Investment Priorities
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Questions and Discussion
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Delta Levees Investment Strategy
Planning Framework and Decision Support Tool

October 12, 2015
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Planning Framework and Decision Support Tool Are
Assisting Council to Define a Levee Investment

~ Strategy

<~ Objective

<~ Sclence-based

<~ Transparent

<~ Supportive of deliberations
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Framework Combines Risk Analysis with
Decision Support

Council, Staff, and
Stakeholder
Deliberations

Flood Risk Analysis

Decision Support
Tool
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Analytic Steps to Support a Levee Investment

Strategy

Inventory assets and identify hazards

Evaluate baseline risks

Rank island/tracts by risk

Define and evaluate levee investments

Rank levee investments by risk reduction & cost
Evaluate risks with State levee investment
Define Delta Levee Investment Strategy
Recommend cost allocation methodology

© N O A WD RE
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Models Evaluate Risks with Respect to Key

State Interests

<~ Risk metrics
developed for
each State
Interest

|

/" Delta as
a Place
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Risks to Lives and Property

Expected Annual Fatalities
How many lives would we expect to
lose on average annually to floods?

Expected Annual Damage
What damage to structural,
agricultural, and other assets would
we expect to incur on average
annually due to floods?
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Risk to Water Supply

Water Supply Risk Score

What is the risk of flooding to islands
o critical to supporting Delta water
supply functions?
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Risk to Ecosystems

Expected Flooding of High

Ecosystem Value Non-Tidal Habitat
S How much high value non-tidal habitat
would be flooded annually?
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Risk to Delta as Place

Delta as

a Place

Expecting flooding of legacy

towns
How many legacy towns would flood on

average in any year?

Expecting flooding of prime
agricultural land

What amount of prime agricultural land
would flood on average annually?
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Risks are estimated at three points in time

L * >
Present (~2012)

2030 2050

Current tool considers changing risks due to:
<~ Rising sea levels
<~ Some population and asset increases in Secondary Zone
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Investments in Levees Reduce Risks on Islands

and Tracts

<~ Levee investments affect Delta risks:
— Changing levee fragility
— Creating or removing agricultural lands and habitat

Cost effectiveness of risk reduction is a key

to Investment prioritization
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Decision Support Tool Brings Together

Information to Support Deliberations

Analysis
* Cost effectiveness
Data/Input  Candidate portfolios

Deliberation

» Preferences

» Tradeoffs
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Decision Support Tool Brings Together

e |slands

Information to Support Deliberations
ranking
o List of ranked

Analysis
* Cost effectiveness
Data/Input  Candidate portfolios
Investments

Deliberation » Groupings of

» Preferences Investments
(“Portfolios™)

» Tradeoffs
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Islands ranked by different types of risk

<~ Different objectives suggest different
Islands at risk

<~ Council/stakeholder preferences

incorporated to aggregate risks * Islands
ranking

<~ Investments evaluated focus on high- e List of ranked
risk islands investments

e Groupings of
Investments
(“Portfolios”)
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Investments ranked by ability to reduce risks

<~ Change In risks due to investments
combined with costs

<~ Highly cost-effective investments are
candidates for Levee Investment * Islands

ranking
Strategy e List of ranked

Investments
o Groupings of

Investments

(“Portfolios”)
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Portfolios of investments balance risk reduction

across objectives and meet key constraints

<~ Council and stakeholders specify
preferences over risks

<~ Implementation constraints and
assumptions about future defined (e.g.
funding)

<~ Optimal portfolios of investments
maximize risk reduction .

<~ Portfolios are a candidate for the Delta
Levee Investment Strategy

Islands
ranking

List of ranked
Investments
Groupings of
Investments
(“Portfolios”)

DELTA STEWARDSHIP COUNCIL
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Where we are now....

Inventory assets and identify hazards
Evaluate baseline risks
Rank island/tracts by risk (today)

Define and evaluate levee investments (in
Drogress)

Rank levee investments by risk reduction & cost
Evaluate risks with State levee investment
Define Delta Levee Investment Strategy
Recommend cost allocation methodology

-l A

0 N O J
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Delta Levees Investment Strategy
Decision Support Tool Demonstration

October 12, 2015
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Delta Levees Investment Strategy
Next Steps
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Delta Levees Investment Strategy and Levee

Priorities
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Next Steps

Activities and Decisions With Whom

<~ Finalize methods Partner agencies

<~ Review decision support tool and Stakeholders
preliminary risk analysis

<~ Confirm island ranking Councll

<~ |dentify and evaluate investment concepts  Stakeholders

<~ Develop and review portfolios of Stakeholders and
Investments Councll

<~ Review cost allocation methodology Councill
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Questions for the Day

<~ Do the approach and decision support tool provide the
right information to help you identify high risk areas in
the Delta?

<~ \What recommendations do you have for working with
stakeholders and communities with the decision
support tool?
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