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Five 1,000-year Rain Events Struck the US in Five Weeks this Summer
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What Are We Using to Assess Vulnerability?

= Since 1969, the US has invested $6.6B in flood hazard mapping, resulting in $22B
in losses avoided.

— But only 1/3 of the nation's streams have currently been mapped
= Current regulatory maps in the US do not take climate change into account.

INVESTING IN A FULLY
MAPPED NATION REQUIRES M b e

CNT (2014) found that when all types
lo @ of flood insurance claims are
aggregated, some Cook County ZIP

AININ

o
+ OR UAL codes with the highest concentration of
MAP MAINTENANCE payouts have no land within federally

this designated floodplains.
INVESTMENT . : Mepeerdhic R
WILL RESULT IN -+ Comenuniies.  old thet would receive updated meps

Source: Flood Mapping for the Nation, ASFPM Foundation (2020)
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Consider Planning Horizons for Vulnerability Assessment

Are we fully appreciating the risks from flooding?

Example: A 30-year mortgage for a home in a new
development

= Probability that a 100-year event will — 0/
occur at least once over 30 years = 26%  500-year
= Probability that a 100-year event will event 0.2%

occur at least twice over 30 years = 4% — -£7/0

Example: Transportation infrastructure with a 50-year
design life

= Probability that a 100-year event will — 9% ‘ 'A

occur at least once over 50 years = 40%  500-year
event

5 Critical Facilities — Consider Planning Horizons for Vulnerability Assessment ©Jacobs 2022



The Value of Resilience? ... It depends on the system and can be estimated to
justify and prioritize investments. Typically, $4-$11 benefit per $1 invested

= Benefit of resilience can be measured = $4to $11 saved on average per $1 invested

in many ways: in Hazard Mitigation

— damages avoided

— business losses avoided (traffic o | e [ ] e
interru ption) Overall Benefit-Cost Ratio  44:1 4:1 4:1 4:1 6:1

— Social impacts Cost($bilion) My *Bye 520 0.6 27

—_ Environmental impacts Benefit ($ billion) ‘131,“: 316{,“' s2200 s2.5 5160

— Financial impacts (bond ratings, Riverine Flood
insurance rates)

Hurricane Surge

Wind

Earthquake

Source: "Natural Hazard Mitigation

; : ® Wildland-Urban Interface Fire
Saves: 2019 Report’, National Institute

of Building Sciences, 2019 Copynght © 2018 The National Instiute of Buikding Sckces
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Oxford to Cambridge Arc

Flood Risk Investment Study




Why protect against flood risk?

Avoiding property damages, interruption to
businesses, research and education

Avoiding loss of critical infrastructure
Enhanced public safety and wellbeing

Investments in flood risk infrastructure have
traditionally yielded a benefit-cost ratio of
8:1

There is often compelling economic
evidence to invest in specific flood risk
protection schemes where the risk exposure

can be well-established, but also there are
strong social benefits

The usual approach flood risk investment is
to target reducing the risk exposure

OxCam
@)E reen I’C’
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Why do we need to think adaptively?

OxCam

The Green Arc
o) o

= But what if we want to plan further into the future?

= We don't want to fixate on a singular future scenario and focus our efforts on
investing and planning around it, only to find that it is not realized

= There are two main causes of uncertainty when we think about future flood risk:

The Risk Source

Changed patterns of flooding, for
example the affect that climate change
will have on the frequency, duration and
scale of flooding

The Receptors

The change to the human landscape, for
example where and many new
residential and commercial buildings
will be built

©Jacobs 2022



OxCam

The project opportunity B e

* The Environment Agency have an
Adaptation Pathways Programme m An adaptive

. ] t approach to
= The purpose of this programme IS to mansgemen managing

help the Environment Agency and other ﬁ ﬁ'r']r;‘::tz »
risk management authorities plan for “}E | i y

| Range of FCERM measures

and fund the right investment in flood AV et e

are able to delay investment unfil itis

and coastal resilience, at the right time,

Lower Yo approach by planning for a range of

Risk

to achieve the maximum benefit for T e e e e

¥

resilience tools above and beyond

p e O p le a n d p la Ce S ) Time traditional flood and coastal defences

Manages uncertainty, agile to climate impacts making effective investment at the righttime TheiEs are some imiled exanplesof

= In 2019, this programme was looking for @™ |
case studies to ‘front run’ this approach

nt we need fo do more.
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The project opportunity

11

The Oxford to Cambridge Arc (OxCam Arc)

It was identified by the British Government as an
ideal location for accelerated growth over the
next 50 years

In response to this, the Environment Agency
created a team dedicated to ensuring that we
harness this growth to improve the environment

This EA OxCam Team was given a mandate to
test and trial different approaches

The region has often suffered from flooding in
the past, and with the proposed growth and
expected climate change there is concern this
will get worse

OxCam

The Green Arc
o0 o ol

N

A

Thames, Nene, Great Ouse
Oxford to Cambridge Arc

1.15 million hectares
8.6% England's land area

©Jacobs 2022



OxCam

The project opportunity B e

= The project originates from two places:

— The need for case studies for the Adaptation Pathways Programme to test and trial the
approach.

— The opportunity of using the ‘test and trial' mandate within the OxCam Arc - in this case
to build an evidence base which supports flood risk protection investments from a purely
monetary viewpoint.

= Therefore, there were two distinct aims:

To identify the optimum level and timing of investment in To learn from a study on this topic and this complexity to

flood protection in the Oxford to Cambridge Arc. share learnings.

12 ©Jacobs 2022
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Adaptive
optimisation

Climate change
scenarios

Portfolio of Development
interventions scenarios

©Jacobs 2022



End-to-end spatial data management

Flood platform

Automated processes to
build and run 45,000
flood simulations for over
700 models

Economic analysis

Understanding flood risk
under 27 futures
representing uncertainty
in climate change and
future development

Optimisation

Optimising investment in a
portfolio of catchment
flood interventions to
deliver robust resilience
under the range of
possible futures



Lichfield

Flood modellmg
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Future scenarios

17
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Residential Non-residential Alternative
properties properties accomodation
Mental health Business Gross Value Added

costs continuity
wxrd
-
o o
Traffic delays Agriculture Carbon cost of

recovery




Flood interventions

Catchment Natural flood Linear flood Sustainable Property flood
flood storage management defences urban drainage resilience




Optimisation

21

Defer
investment

No further
investment

Upgrade to
large

No further
investment

Defer
investment

OxCam

The Green Arc
oo 0 o
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OxCam
What have we learnt? e Sreen A
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What have we learnt? ot

Range e Mean
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investment by decade
"
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o
3
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£100m A

Average annual

£50m A

£0m -
0-10 10-20 20-30 30-40 40-50 50 - 60 60-70 70-80 80-90 90 - 100

Decade
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B Strategic objective A: Between now and 2025 the

Environment Agency will have better evidence to inform
future risk and investment needs for managing all source of
floods and coastal change.

Measure A.1: By 2023 the Environment Agency will work with coast
protection authorities to improve the National Coastal Erosion Maps
to strengthen the evidence base for coastal adaptation investments
and decisions.

Measure A.2: By 2024 the Environment Agency will produce a new
national assessment of flood risk that will help places better plan
and adapt to future risks from flooding from rivers, the sea and
surface water.

Measure A.3: By 2025 the Environment Agency will produce a new
set of long-term investment scenarios to inform future policy and
investment choices for achieving flood and coastal resilience.

. b Challenging today.
\Jaco S Reinventing tomorrow.
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. . . OxCam
Ongoing work in the Environment Agency megn
OxCam Arc Team Adaptive Approaches
Integrated Water Management Framework The four locations in the current portfolio:

The four locations in the current portfolio:

Water Quality Environment » Thames Estuary TE2100
Planning Ambltlfzns and ) )
Actions How do we manage tidal flood risk
= Humber Strategy 2100+
e Flood Risk Strategy to manage tidal flood risk

Planning Planning

= River Severn Partnership
Flood risk, water quality, water resources and environmental
Land Building enhancement
Management Spatial Standards
Planning =  Yorkshire

Flood resilience and coastal erosion

Long Term Investment Scenarios 2025

25 ©Jacobs 2022



Poll Question

1. When planning flood risk management investment are you
considering?

a) Current/observed flood events only
b) Potential change due to climate change
c) Multiple climate scenarios

d) Multiple climate and development scenarios

©Jacobs 2022
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Central Valley Flood Protection Plan - California’'s Strategic Blueprint to
Improve Flood Risk Management in the Central Valley

Kris Tjernell, California Department of Water Resources | Armin Munévar, Jacobs




Today's Speakers

Kris Tjernell

California Department of Water Resources

Deputy Director for Integrated Watershed
Management

Armin Munévar

Jacobs
Global Technologist, Climate Resilience and
Integrated Water Resource Management

28
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Flood Risk in the Central Valley

= California's history of drought
interrupted by storms and floods

» Climate change is intensifying extreme
weather patterns and flood risk

= CVFPP calls for flood management that
is resilient to the impacts of climate

change
@
$223 billion $17 billion 1.3 million people

of agricultural economic Live and work in

O S GBS ] T activity is at risk Central Valley floodplains

©Jacobs 2022



CENTRAL VALLEY
FLOOD PROTECTION PLAN

500%

Climate change is likely to drive up to five-fold
increases in peak flood flows adjacent to urban
population centers

70%

of Central Valley listed species depend on
aquatic or riparian habitats in the flood system

200%

Historically redlined neighborhoods have higher
flood risks. For instance, redlined neighborhoods
in downtown Sacramento are twice as likely to

flood.




State Plan of Flood Control

= 1,600 miles of State-federal levees and
an extensive system of bypasses and
floodways

= 2 unique river basins
— Sacramento
— San Joaquin

= Major urban centers, small communities,
and rural and agricultural areas

Project [12:]
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Policy Recommendations to Support CVFPP Implementation

i

Land Use and Residual Risk Flood and Ecosystem Operations and Equity
Floodplain Management Performance Maintenance of

Management Accounting the Flood System

Governance and Coordination with Funding Multi-benefit Climate Change
Institutional Support Federal Agencies Projects and Flood System

Resilience

©Jacobs 2022



Climate Change is Affecting California Now ...

—

October 2021 Northeast Pacific Bomb Cyclone

- 5 J
r ’ " -

THIS ROAD AFTER
DUSK

ro ENTRY OR EXIT

SACRAMENTO, 2006

MODESTO, 2017
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Current Trends and Climate Projections

Confidence

Climate change component Studied in CVFPP | Current trends Projected trends for future
change

-:@- Air Temperature 2017 & 2022 t Increasing t Increasing Very high
& Water Temperature NA t Increasing 1 Increasing Medium

Q Extreme Precipitation 2017 & 2022 t Increasing t Increasing Medium high
.ﬁé Snowpack 2022 ‘ Decreasing ‘ rDaeiri;easing iz e e e Very high
% Sea Level Rise 2017 & 2022 ' Increasing 1 Increasing Very high
@ g{:::gl:‘?sllics 2017 « zg:tltel? nitori:gflow to the « ?nh(i);tti:sstreamﬂow to the earlier Very high
% 32{:3::““ Flood 2017 & 2022 N/A t Increasing Very high
<:%> Regulated Flow 2017 & 2022 N/A f {22‘:?‘;‘39 (it cemad e N/A

DDI:II] Regulated Stage 2017 & 2022 N/A 1 Ilggi?;:)]g (varies based on N/A

©Jacobs 2022



Unique Climate Impacts in the Central Valley Watershed

Figure 1.1 Precipitation Patterns and Form will Change Throughout the Central Valley Watershed

A temperature increase of 1C moves to the snow-level elevation 500 feet higher.

, Southern Sierra
Southern Sierra Central Sierra

Central Sierra

Northern Sierra Northern Sierra

35 ©Jacobs 2022



Triad of Climate Changes Amplify Flooding Impacts

Atmospheric rivers are intensifying
with greater chance of extreme precipitation

.

Sea levels
arerising, COAST
increasing water RANGES

levels in the
lower portions of
the watersheds

/x CENTRAL VALLEY
° —

PACIFIC OCEAN

36

SIERRA
NEVADA

More precipitation
is falling as rain,
not snow, increasing
runoff and peak river flows

©Jacobs 2022



Watershed Response and Resource Impacts to Climate Change

Air temperature and
&———— extreme precipitation
increasing

P e b DR

Regulated flow = Unregulated flood
increasing o ' volume increasing

| Streamflow shifts
| earlierin year

* Increased flood risks at adjacent locations
* Decreased water availability in summer months

| Regulated stage [™%
| increasing il

4ai Ecosystem-based |
| stressors increasing

Sea level rise and
water temperature

37 ot 2 4 ©Jacobs 2022




Climate Risks Vary throughout the Central Valley

LOW MEDIUM HIGH
CLIMATE CHANGE SCENARIO CLIMATE CHANGE SCENARIO CLIMATE CHANGE SCENARIO

K

"-? e CHICO

Change in 100-yr Flood Event
Under Climate Change

Legend
Projected Percentage Change of 100-year
Flood Event under Climate Change
@ Less than 0%
O 0% to less than 50%
47} 50% to less than 100%
' 100% to 300%

‘Greater' than 300%

38
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Sea Level Rise Exacerbates Flood Impacts in Some Regions

Lower San Joaquin Flood Extent: 200-yr Flood Median Climate Change

Current 200-yr Flood + 3.7 ft of Sea Level Rise in 2072

©Jacobs 2022



State Systemwide Investment Approach
(SSIA) Portfolio

* Flood risk management actions
throughout the Central Valley RUpper Lake

= Over 800 projects

= Portfolio management actions in four
areas of interest:

- Systemwide

— Urban

— Rural

— Small Community

'San Francisco

40 0 125 23

Scale in Miles ™1 Fresno




Reservoir and River System Operations

Reservoir operations

Floodplain storage operations

Diversion and bypass operations

Groundwater and recharge storage Folsom Dam
operations Modification Project

New Bullards Bar Dam el
Atmospheric River Control Rendering of ?f
spillway ARC spillway*

Source: Yuba Water Agency v
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Southport Levee Setback Project and Riparian Plantings




Watershed and Floodplain Management

= Adaptive storage capacity in floodplains

* Improve sediment and post-fire debris
detention

* Floodplain mapping to improve
consistency of floodplain delineation
and assessment of flood risk FLOOD-MAR

Using Flood Water for Managed Aquiler Recharge to Support Sustainable Water Resources

» Promote risk-informed land planning

©Jacobs 2022



Buying Down Climate Risk with SSIA Investment

Annual Damages ($M)

Average Annual Damage (millions of dollars)

$4,500
$4,000
$3,500
$3,000
$2,500
$2,000
$1,500
$1,000

$500

S0

Annual Life Loss

High Climate
Change Projection

Medium Climate
Change Projection

Low Climate
Change Projection

Current Risk Il

Without Investment

With Investment

Climate Projections By 2072

Average Annual Life Loss

800
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100

I
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Change Projection

Medium Climate .
Change Projection N\
Low Climate N
Change Projection h

Current Risk l Without Investment With Investment l

Climate Projections By 2072
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Guiding Current and Future Flood Risk Management Investments

= CVFPP guides the State flood strategy

and investments

= Supporting on-going flood risk
reduction and floodplain restoration
projects

= |dentified $25-$30b of needed
investment over next 30 years

» Guides state and federal funding

46

Figure 4.1 How the CVFPP Guides Funding Development for Programs

Communicate Need for Funding

v

SYSTEM-LEVEL
NEEDS ASSESSMENT

Collect and analyze
categories or types of
investments that are
needed to support goals,
objectives, and societal
values.

Define and quantify total
investment amount for
categories or types to
meet need.

Inform State, federal,
local and public partners
including elected officials
about investment need.

Support action by others
to create policy or fund-
ing opportunities.

CVFPP and
Conservation
Starategy

R

STATE PATH

Create Funding/Financing:

= Pass GO Bonds

= Appropriate General Funds
= Approve new taxes or fees

¥

Allocate and Distribute Funds:

= Across multiple State agencies

= Through State budget development

process

= Develop or revise programs to
administed funds

= Conduct grant application process

= Award grantee

FEDERAL PATH

Create Funding/Financing:

= Authorize and appropriate
programs/projects through
Congress

= Approve new taxes or fees

= Declare State of Emergency

¥

Allocate and Distribute Funds:

= Across mutliple federal agencies

= Develop or revise programs to
administed funds

= Conduct grant application process

= Award grantee

Apply for and Receive Funding

LOCAL AND
REGIONAL NEEDS
ASSESSMENT

Evaluate and assess
challenged and
opportunities.

Formulate and design
projects that address the
challenges or create
opportunities.

Prepare and apply for
funding for individual
projects that meet
program requirements.

Project
Proponents



Moving Forward

= (alifornia is continuing its
leadership in Integrated Water
Management

; Water.ReSIPent = Aligning agencies to support
California integrated resilience approaches

= Advancing policy and funding
= Accelerating responses to : .
climate change = Supporting regions and
watersheds

= |ntegrating core statewide

planning efforts Resilience

Delta Adapts

Sustainable
Groundwater

California
(22\6F2P2P Water Plan

2023

Strategic Goals  Climate Systemwide Multi-Benefit Equity Performance
Science Tools Projects tracking

Policies Funding

FOUNDATIONAL ELEMENTS



Poll Question

2. What level of flood risk data do you have?

a) Anecdotal flood incident records
b) Historic event mapping

c) Insurance (incl. FEMA) mapping
d) Present day 2D flood modeling

e) Future scenarios modeling

©Jacobs 2022



"1 b Challenging today.
\’aco s Reinventing tomorrow.




Copyright notice s
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The material in this presentation has been prepared by Jacobs®.

All rights reserved. This presentation is protected by U.S. and
International copyright laws. Reproduction and redistribution
without written permission is prohibited. Jacobs, the Jacobs
logo, and all other Jacobs trademarks are the property of
Jacobs Engineering Group Inc.
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