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We live in a world defined by 19t century

% laws/institutions, 20t century infrastructure,

\3‘ : ? % - J':
| e ?& .

@ & and 21% century water needs and challenges.




Annual Average Precipitation

United States of America

W8 California
S © The largest economy in the United States
« 5% largest economy in the world
* The largest population in the United States
* Population: 39 Million (2023) and expected to reach 45-50 Million
Ppend Grtthes) by 2050
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Competing Demands for Water in California

ildlife

3

Recreation

L e =

Navigation

. COMPUTER IMAGE BY CHUCK CARTER



Climate and
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Mediterranean Climates

a
{{ - Areas with mediterranean climate

* Seasonality
* Inter- and intra-annual variability



California’s
Major
Watersheds

e What is a watershed?

It’s a land area

that channels rainfall
and snowmelt to
creeks, streams, and
rivers, and eventually
to outflow points such
as reservoirs, bays, and
the ocean.
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Watershed Program
CALIFORNIA DEPARTMENT OF CONSERVATION
Division of Land Resource Protection

Map courtesy of
California Department of Water Resources
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Water Cycle

Transpiration Sublimation

& &
Deposition

Evaporation

HR Science Facks .t
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California: Water Resources, Population, and Infrastructure

Population per sq. mile
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Census 2000 Summary File 1
population by census tract.
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Map created by Calffornia Department of Water Resources using PRISM (prism.oregonstate.edu).

Select from the following
Map Views

‘ Major Rivers

‘ State Projects
Federal Projects

) Local Projects

& All Water Projects

[map from CDWR 2002]



Frarcisco

Central Valley
Project

California Water Projects

Federal Projects

Coachella Canal

- San

All American Canal

e

Central Valley Project

e Builtin the 1930s by the U.S. Bureau of Reclamation, the
CVP transports water from Lake Shasta in the north to
Bakersfield in the southern San Joaquin Valley.

e Support the arid but fertile Central Valley and its

agricultural economy.
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California Water Projects

State Projects

Frarcisco

California
State Water
Project

[map from CDWR 2002]

State Water Project:

Was constructed in the 1960s and
1970s to supply water to more than 27
million people and 750,000 acres of
farmland

Planned, constructed, and operated by
DWR

Lift 1926 ft over the Tehachapi
mountains



California Water Projects

Local Projects

The Colorado River Aqueduct

e Builtin the 1930s, transports
water from the Colorado River to
Southern California

e Operated by the Metropolitan
Water District of Southern

California

San

Francisco |

Mokelumne
Aqueduct

Hetch Hetchy
Aqueduct

Llos Angeles
Aqueduct

Colorado River
Aqueduct Diego



An Elaborate
Network of
Conveyance and
Storage

Infrastructure

150
J

80

160

|
240

State project Reservoir volume (taf)

B State and federal project /A\ ?;;0200

B Federal project /\ 500-1,000

I Local project A 1,000-5,000
Urban area
Agricultural area A 5,000+

-~~~ River Annual delivery (taf)

< Flow direction - 0-50

¢ Pump/storage facility z ?;1_1230

® Pumping facility O 301-1,500

® Hydroelectric powerhouse > 1,501-3,100




Heart of California’s Water System: Sacramento-San Joaquin Delta

Delta Islands
- Sacramento and San Joaquin Rivers
D Delta waterways and other rivers

Suisun Marsh :5

 Historically —a very rich inland <

aguatic ecosystem. 4
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distribution system: from
North/Sierra to South/Coastal.

* Ecosystems are collapsing all
across California especially in the

Delta

* Many recent laws and court rulings
have been trying to remedy




California
Water
Supply
Systems in
Numbers

Il

1998-2005 average.. Does notinclude reuse orrecycling. Quantities vary by year.



Colorado River

California derives up to 15% of its surface water supplies
from the Colorado River.

Right to 4,308,000 acre-feet or enough water to supply
more than 20 million people annually

California holds senior water rights due to the "Law of

the River:" a group of agreements dating back more
than a hundred years

It is thus entitled to one-third the flow of the river,
meaning it can continue to draw water from the
Colorado even if Lake Mead reaches dead pool.

The reality is water rights claims exceeded the amount
of available water by a great degree.

e Peal IO R e ) ol sy v

CA- 4.4 maf
AZ- 2.8 maf
NV- 0.3 maf

™ CO-51.75% WY-14%
‘ UT-23% NM-11.25%




The 20th Century Centralized Water Infrastructure Model: Supply-side focused

Once through systems
e Based on
 water abundance
* hydrologic stationarity
e steady and perpetual demand growth
Disregard for the environment and tribal water rights
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Wastewater Water Supply

Drainage
(Storm and
Flood Water

Management)




cvolution of the State Water
Policy and Governance




Selected Events in State Water Policy History—Timeline

Levee and Reasonable and Central Valley Act.
Districts. | CompactMuisme  Dociiner County of Orign Lav. Auborzes s mr
Formation of kocal and federal agreement California Constitution Guar:;me;e ”“;".“:.': mg'\‘,ﬁm—g‘;ﬁa
levee and reclamation designates water amends to require that right & recieien i VP): ult ey ‘lh
districts authorized by~ amounts allocated tothe &l water use be KSR S Sk e aandacin or wm"‘::'{wfby
Legislature. upper and lower ‘reasonable and an area of ongn. the fedral qovemment.
Colorado Riverbasns.  beneficial” ¢
1860 1999 1928 1931 1933
Delta Protection Act.
Resolves issues of Delta-ralated
NEPA,CEQA, and CESA. legal boundaries. Addresses salinity
Passage of National Environmental Quality control, and water exportation at the
Act (NEPA), California Ervironmental same time the State Water Project
Quality Act (CEQA), and the California (SWP) development proposal is
Endangered Species Act (CESA). being considerad.
4 1969 «
1967
1972 1959
1970
Wild and Scenic Rivers, a’:ﬂ -oclc:ldogn: ct. State Water Resources Burns-Porter Act.
Clean Water Acts. P .‘:" Califi;y ias f Control Board Created. Authorizes $1.75 billion in
Legislature passes state Wikl ron °: ! ’E'a o'fm Board regulates both water rights bonds for davelopment of the
and Scsnic Rivers Act, e vl and water quality (functions SWP (later ratified by votsrs).
Congress passas federal Clean waiter quality lew formerly regulated by two
Water Act. separate boards).
Pesticide Contamination Sustainable Groundwater Safe and Affordable
Prevention Act. Delta Reform Act. Management Act. Drinking Water Fund.
1974 Regulates and monitors Establishes policy goals and Provides authority for local agencies Provides up to $130 million annually
pesticide use to prevent new management structure to adopt groundwater management to expand access to safe drinking
groundhwater contamination. for the Delta. plans. water,
Federal Safe Drinking Water Act. 1985 2009 2014 2019
Congrees mandates water quality
standards for drinking water.

Source: California’s Water: An LAO Primer




California
Water Rights
System
Dictates Water

Allocation

The State of California owns all of the water in the state,
and rights pertain to the use of water, not ownership.

* Riparian rights: Based on ownership of land bordering a waterway

* The doctrine of prior appropriation: “First in time, first in right”

* The California Doctrine or Dual Rights: Refers to the blending of Appropriative and Riparian
Rights

* Pueblo rights: Under Spanish and Mexican law, some missions attained status as a municipality
to use adjacent sources of water

* Federal Reserved rights: Reserved water rights to support public domain land for national parks
and forests

* Groundwater rights: Landowners have overlying rights to use groundwater beneath their parcel



Many Entities Are Involved in Water Management

State Agencies

Department of Water Resources

State Water Resources Control Board

California Public Utilities Commission

Colorado River Board

Delta Stewardship Council

Department of Pesticide Regulation

Department of Toxic Substances Control
Department of Conservation

Office of Environmental Health Hazard Assessment

X X X X X
X X

X X X X X

Federal Agencies
Bureau of Reclamation X X
Army Corps of Engineers X X
Environmental Protection Agency
Geological Survey

Other Entities

Cities and counties
Special districts

Tribal governments
Private water companies




Climate Change Urbanization
Increased frequency & severrty of extreme events 68% urban population in 2050

e ““&‘v-v w’
= s

Environmental Justice
water access and affordabllrty

]F.

Aging Infrastructure Competing Environmental Needs
S1 trillion to update US drinking water systems Stricter regulations
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If climate

Cha nge iS d According to the UN Environmental Programme (UNEP):
shark, water is

_ * “The vast majority of natural disasters (over 90 percent)

ITS teet h : are water related, including drought, flood and tropical

storms, with significant impact on societies and the
economy. ”




Climate Change
and
Water
Resources

Climate Change Effects on Water Resources

Total precipitation may increase or decrease

~ -\
Sadh

Increased »/v
air temperature %ﬁ/

Less snowpack // /

| More precipitation as rain than snow
/ due to higher temperatures

Changes in water resource
system operations




Changing Climatic Patterns

Annual Mean Temperature Change Annual Precipitation Change
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* Change in evaporation and transpiration
rates means an altered water cycle.

e Changes in the type and intensity of
precipitation mean changes in availability.

e Changes in snowfall and snowmelt
dynamics and runoff timing will affect
management.

Wate f Ava | | d bI | Ity e Reduced runoff from snowmelt due to

sublimation and infiltration

* Uncertain impacts on extreme events,
through both floods and droughts may be
more of a problem.







Water Stored in 28 Western Sierra Reservoirs plus Snowpack

Compared to 2000-15 Normals (shading) S P
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CNAP

California-Nevada Climate Applications Program

SOURCES: SWE dailies from https://cdec.water.ca.gov/querySWC.html . . .
SWE volume conversion factor based on Margulis et al, JHM 2016, SWE reanalysis For info: mddettinger at gmail.com
Reservoir storage from https://cdec.water.ca.gov/queryDaily.html https://cnap.ucsd.edu/storage_in_sierra_ucrb/
Reservoirs: SHA, KES, ORO, ANT, FRD, DAV, BUL, ENG, FOL, UNV, LON, ICH, NAT, CMN,

PAR, DON, BRD, TUL, NML, DNP, HTH, CHV, EXC, MIL, PNF, TRM, SCC, ISB
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TOTAL WATER STORED (monthly)
in 12 major &

California Reservoirs
with Statewide April 1 Show-water contents

(stacked atop each other; horizontal dashed lines=combined current reservoir capacities)
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Don Pedro
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1990
Calendar Years

1995 2000 2005 2010 2015 2020

California-Nevada Climate Applications Program

For info: mddettinger at gmail.com
https://cnap.ucsd.edu/storage_in_sierra_ucrb/

Exchequer
Pine Flat
Folsom
Millerton
Castaic
Perris




A Low-to-No Snow Future for California

* We are expected to lose about 70% of our snowpack by the end of this century.
* Snowpack naturally store water for us and accounts for about 70% of our total storage
(not accounting for groundwater)

i N
Precgh's y 7’.-' o

Map of statistical snowpack peak k- : Wy | . ' _ Map of statistical showpack minimum E e ,a ™ .9

Siirila-Woodburn, Rhoades, et al., 2021
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Groundwater use in California

GROUNDWATER USE IN CALIFORNIA

Critically Dry Year 15-Year Average
(2015) (2002-2016)

58 percent 41 percent

OF STATEWIDE OF STATEWIDE
WATER USE WATER USE

Source: Draft California’s Groundwater Update 2020 (DWR).



Severe Groundwater Depletion

California’s groundwater (our second natural storage) is also disappearing.

-160 -80 0 80 160
mm equivalent water height

Image by Felix Landerer, NASA Jet Propulsion Laboratory.



Groundwater

Cumulative Groundwater Loss
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Groundwater mining and subsidence

llllll

PERTIRNE .
Measures of land Subsidence in San Joaquin Valley. Credit: USGS



Implementation Timeline for
Major Sustainable Groundwater Management Act (SGMA) Requirements

January 2015
DWR released initial basin prioritization. High and medium priority basins are subject to SGMA requirements.

January 2016
DWR identified final list of basins subject to critical conditions of overdraft. These basins face some expedited
compliance deadlines.

June 30, 2017
Local agencies must establish groundwater sustainability agencies (GSAs). SWRCB may designate
probationary basins subject to intervention for areas that fail to comply.

January 31, 2020
GSAs from basins in critical overdraft must adopt and begin to implement groundwater sustainability
plans (GSPs). DWR will review plans for adequacy after adoption.

January 31, 2022
GSAs from basins not in critical overdraft must adopt and begin to implement GSPs. DWR will
review plans for adequacy after adoption.

January 31, 2040
GSAs from basins in critical overdraft must achieve sustainability goals.

January 31, 2042
GSAs from basins not in critical overdraft must achieve sustainability goals.

DWR = Department of Water Resources and SWRCB = State Water Resources Control Board.




Climate Whiplash

¥

Lake Oroville, se
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Wildfires

M Toxic chemicals from burned
and melted infrastructure
(PVC and HDPE pipes, lithium
batteries, other plastics) leach
into soil and groundwater

vulnerable to post-wildfire
rains, which can create

S urface. WaFer : ! W mudslides that wash huge

contamination S e, o Sl g ! amounts of ash, debris and

: toxicants into waterways

M Stream

temperature
increases from
lack of shade

Transpiration
decreases

Water quality

e Distribution
Early a”d network
Increasel 4 Wildfire @ contamination
K
snowmelt S 5 S and damage
= &G
‘ s
2 5
) 4
N
% £
<
M More nutrients and
Flooding/ Reservoir warimer water
" I d. o temperature can
irregular water sedimentation cause bacterial

blooms, depleting
dissolved oxygen
and suffocating fish

yield

Landslides and

debris flows
SOURCES: Water Quality Australia; Purdue University PAUL HORN / InsideClimate News




Sea Level Rise and Water Infrastructure

» Alter groundwater quality in coastal regions: saline water intrusions.
* Posesrisk to

e Coastal population

* Wastewater treatment plants

* Wetlands



Vulnerable population
(persons)
« 1,000

@® 10,000

‘ 100,000

Coastal County

I
200 Miles I

‘Population at Risk

* 480,000 people
* 300,000 workers
* Large numbers of

low-income people
and communities of
color who depend on
depleting
groundwater
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Humboldt Bay
137 MW

N
L \‘_\\;}\_\
See San Francisco Bay map Ve

e

14 plants, total capacity 1,930 MW

by

Southern California Gas / UCSB
0.2 MW\
O

Power plant
Generating capacity
in megawatts (MW)

)
=D \>K
= S |

oodrich Cogeneration Plant

S %/,,..9‘5 MwT L

100

200 Miles

© 0-50 See Southern California map

o 51-250 13 plants, total capacity 8,050 MW

O 251-1000

O 1001+ | : | : | Pac.ific
- Institute

Coastal County 0 50

Power Plants at
Risk

* 30 coastal power plants

* Generating capacity of

10,000 MW



Las Gallinas Valley
Sanitation District

2MGD

Central Marin

Napa Sanitation District

10 MGD

Vallejo Sanitation and
Flood Control District

8 MGD

Rodeo
Sanitation District
0.7 MGD °

Pinole
2.7 MGD

Sanitation Agency

7 MGD

Sewerage Agency of
Southern Marin
2 MGD

Wastewater
treatment plants

Average discharge in million
gallons per day (MGD)

° 01-29
@® 3-159
@ 6-209
@
County

US Navy East Ba ici
y Municipal
1.3 MGD Utility District
° . 80 MGD

o
City of Benicia

2MGD

City of San Leandro

6.1 MGD
: Livermore/
South San Francisco/ Amador Valley
San Bruno ° 1 MGD
10 MGD
San Francisco International
Airport
Union Sanitai
City of Millbrae @ 1.5MGD District =
2 MGD . 27 MGD
City of San Mateo .
12 MGD .
South Bayside System
Authority
16 MGD San Jose/
° Santa Clarz
110 MGD
Mid-Coastside " .
Sewer Authonlty City of Palo Al ‘
26 MGD egiona
25 MGD .
City of Sunnyvale
20 MGD
Pacific

Institute

Wastewater
Treatment Plants at

Risk

22 wastewater
treatment plants

Capacity of 325
million gallons per
day



Wetlands and Sea Level
Rise

e Some wetlands may become permanently
inundated if sea levels rise faster than they can
respond

* California has already lost 96% of its wetlands, at
a great cost to the state

e \Wetlands are vital for:

flood protection

water quality improvement
wildlife habitat

recreation

carbon sequestration




Water Demand

-~




Water Supply Versus Demand

Most Precipitation Falls in But Much of People’s Water Use
Northern California Occurs in Southem and Central Califomia

Water Use in Millions of Acre Feet

Urban Agriculture

North

Central

South

5 10 15 20 25

So an extensive system of
canals has been developed
to transport water across
the state.

Annual Precipitation
In Inches

- High 171.5
IO

~~— State, Federal, or Local Canal

=
N\

Map created by California Department of Water Resources using PRISM (prism.oregonstate.edu).




Figure 1. California Population, Gross State Product, and Water Use Indices, 1967-2016

600

500
Gross State Product

Water Demand in
California has

decoupled from
population and = populton

Water Use

economic growth!
/‘-W
*v.

100

0
1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018

YEAR

Note: All values are indexed to their 1967 values to allow for comparison. Statewide water use data are not yet available for 2017 through
the present.

Data sources: Water use data from California Department of Water Resources (DWR) 1964; 1970; 2018a; 2019b. Population data from
California Department of Finance 2018. Gross state product from United States Bureau of Economic Analysis 2019.

Pacific
Institute



Funding Water

Resilience




The Federal, State and Local Governments’ Spending on Water

Water Infrastructure: Sources of Nondefense Investment, 1962 to 2017 Percentage of Gross Domestic Product
Billions of 2018 Dollars 0.6
60 r
0.5
0.4
40
0.3
2 02 State and Local
State and Local
0.1
0 0 Federal

1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 2012 2017 1962 1967 1972 1977 1982 1987 1992 1997 2002 2007 2012 20178

Source: Congressional Budget Office, using data from the Office of Management and Budget and the Bureau of the Census.
a. Includes water supply and wastewater treatment facilities.
b. Includes water containment systems (dams, levees, reservoirs, and watersheds) and sources of freshwater (lakes and rivers).

51



History of Funding for Water in California

Pre-1850

THEME OF ERA

Development Environment, State
and Public Bond
Growth Trust Funding

Conflict

California Water Plan 2018



A Challenge or An Opportunity

Addressing our 215t century water challenges requires rethinking of current
financing mechanisms.

* Some of the financing options include:

* Municipal bonds

e State revolving funds

e Public-Private Partnerships (PPP)
* Tax initiatives

e Public benefit funds

* Funding gaps include

* Conservation and efficiency efforts,

* Watershed Management

* Water research and development,

* Monitoring and data management,
e (Capital investment for innovative water systems

* In California, State General Obligation (GO) bonds, while only 3% of annual water
spending, cover about 10% of capital investment in various water projects.



California’s Reliance on GO water Bonds

Bond financing is unreliable and expensive:
— Californians pay $120 annually / household to pay back water bonds

— Between 2008-2011, 18% of statewide annual water-related spending in California
covered Debt service on GO water bonds

2.5 - Total water bond spending ($2012 billions)
e o o Bond spending on water sector ($2012 billions)
== Bond debt repayment ($2012 billions)

2.0 - = =Projected repayment ($2012 billions)

Source: PPIC (2014)

1.5

1.0

0.5

Billions of $2012 per year

0.0 T T T T T T T T T T T T T 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
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Transitioning to the 215 Century Infrastructure

Model Requires Fresh Thinking
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Paradigm Shift in the Water
Sector

Big data

Information The 215 Century Water
Technology Infrastructure Model:
Modern platforms Hybrid — Gary and Green,

fﬂdldeCiSion‘makmg Centralized and Distributed
O0lIS

Modern regulatory
and permitting
processes
Innovating Financing
tools

Must acquire new Rethink and revisit their
knowledge of how the management and
water use cycle is evolving governance tools




Innovative Financing Framework

V4
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O
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Q
=
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O
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=

LL

Elements

Catalyzing Change through external forces

Example Mechanisms

Regulations, market forces,
decoupled pricing structures

Establishing Funding Sources that can be public or
private

Bonds, end-user fees, venture
capital

Using Distribution Pathways to facilitate the flow of
resources between stakeholders

Grants and loans, tax credits,
rebates

Creating Innovative Governance Structures that enable

project implementation

Aggregation, alternative
investment structures, Energy
Service Companies (ESCOs)

Quesnel, Wyss, Ajami, 2016



The 215t century hybrid urban water infrastructure model: mix of

distributed solutions at various scales and centralized ones

e Flexibility Brakishwater
e Resiliency

il Water R t . Demand
e Reliability e vanagement @

Smart Water
Systems and
Digital Tools

Infrastructure
and Nature
Based Solutions

Behind the Meter Front of the Meter

~ —

rmlﬂ A |EARTH& =

TH
ENVIRONMENTAL . . . r . .
BERKELEY LAB g SCIENCES Changlng Demand Baseline Dlver5|fy|ng Supply Portfolio
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Scales of Water Reuse

Building-Scale District-Scale Small Large
Treatment Treatment Treatment Plants Treatment Plant

Distributed Water Systems Sy Centralized Water Systems

Source: Source images created by macrovector, freepik Pacific institute 2021
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San Francisco’s Non-potable Water Program

A Guidebook for Implementing Onsite Water Systems in the City and County of San Francisco

BRI S

N E

‘= SR
— W GENTER
—]

——

.
LT

‘%’:ﬂﬂ Z‘T‘.‘fﬁ A= yn @q('; "r'@%m., il AN
m‘ &l P - v»*t\)};' !




The 215t century hybrid urban water infrastructure model:

data-centric, circular, and modular
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e Utility is not the only actor
e Customer are also becoming water producers - prosumers
e Data and information is key in managing this system Adriaens and Ajami, 2021



The 215
century
hybrid water

infrastructure
model

Where, when, and how much? A smart grid that can track distributed production
and consumption patterns

What is infrastructure? more than hard/physical infrastructure there is a need for a
better set of soft infrastructure data, DSS tools, IT systems, smart meters

What kind of performance measure do we need? Multi benefit and cross-sectoral to
enable investment in Nature Based Solutions and Green Infrastructure

What kind of business model? Circular, data-driven, and customer-centric

What kind of policy and governance reforms are needed?

Who is at the table?



Current and emerging water
issues/opportunities in
California

* Water-energy-land nexus
e Equitable transition

* Transitioning from a snow-driven to a rain-driven water
system

* Managed Aquifer Recharge and groundwater governance
* Wildfires-water interlinks
e Green and natural infrastructure

* Climate informed infrastructure management and
planning
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The 20%" Century Urban Water Infrastructure Model:
A Linear/ Once-Through System
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