ol p! of aabie wolibos
Iran-Water Resources
Research

Managing Water Resources to Mitigate
Drought Impacts due to Climate Change in the
United States with a Focus on the State of
California

N. Moghaddam **

Abstract

Water governance is one of the critical issues in the state of
California, significantly impacting the lives of individuals and
the economy of the region. Given the climatic conditions and
water scarcity challenges in this area, water governance holds
immense importance. This article will examine the
significance of water governance in California and the
necessity of implementing appropriate policies and programs
for managing water resources in the region. Additionally, the
effects of population growth, climate change, and human
activities on the water resources of this area will also be
explored. The article will address the role of government and
related organizations in managing water resources and
improving water quality in California. The importance of water
governance in California is vital from economic, social, and
environmental perspectives, and further research in this field
could enhance water resource management in the region.
Therefore, the article aims to explore practical solutions from
both financial and engineering viewpoints, stating the relevant
institutions and budgets associated with the projects.
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Fig. 1- Online monitoring of statistical information
on water consumption and water resources
management in California
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California's Precipitation is Highly Variable

Annual Statewide Precipitation in Inches
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Fig. 2- Rainfall across the United States during the years 1972 to 2021 (U.S. National Oceanic and
Atmospheric Administration)
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October 21,2014
(Released Thursday, Oct. 23, 2014)

. . Valid 8 a.m. EDT
California
Drought Conditions (Percent Area)
None | D0-D4 | D1-D4 || by
Current 0.00 | 100.00 | 100.00 | 95.04 | 81.92 | 58.41
| Lastweek
.10/14/2014

3Months ago
7/22/2014 0.00 | 100.00 | 100.00 | 100.00 | 81.89 | 36.49

Start of calendar
year 12/3112013
Start of water
year 9/30/2013

One year Ago
102212013 2,66 | 97.34 | 9598 | 84.12 | 11.36
DO0: Ab normally Dry [l D3: Extreme Drought
D1: Moderate Drought Wl D4: Extreme Exceptional
D2: Severe Drought

0.00 | 100.00 | 100.00 | 95.04 | 81.92 | 58.41

0.00 | 97.39 | 94.25 | 87.53 | 27.59 | 0.00

0.00 | 100.00 | 100.00 | 95.04 | 81.92 | 58.41

0.00

Fig. 3- Drought status in California in October 2014. The map shows "exceptional drought™* status in more
than 58% of the state (U.S. Drought Monitor)
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DO(Abnormally Dry)

DI1(Moderate Drought)

D2(Severe Drought)
Il D3(Extreme Drought)
ID4(Exceptional Drought)
' No Data

2022

JANUARY 6

Fig. 4- Evolution of drought conditions in California after a dry year from January 2020 to October 2021
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Fig. 5- The major rivers of the state of California (October 2015)
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Table 1- The major watersheds of California
b 3 ol sl gWojen - Jgoa

Major California watersheds

Hydrologic region

Annual precipitation

Annual runoff

acre-feet acre-feet
North Coast 55,900,000 (69.0 km?) 28,900,000 (35.6 km®)
Sacramento River 52,400,000 (64.6 km®) 22,400,000 (27.6 km®)
North Lahontan 6,000,000 (7.4 km?) 1,900,000 (2.3 km®)
San Francisco Bay 5,500,000 (6.8 km®) 1,200,000 (1.5 km?®)

San Joaquin River
Central Coast
Tulare Lake

21,800,000 (26.9 km?®)
12,300,000 (15.2 km?)
13,900,000 (17.1 km?)

7,900,000 (9.7 km®)
2,500,000 (3.1 km?)
3,300,000 (4.1 km?)

South Lahontan 9,300,000 (11.5 km®) 1,300,000 (1.6 km?®)
South Coast 10,800,000 (13.3 km?) 1,200,000 (1.5 km?)
Colorado River 4,300,000 (5.3 km?) 200,000 (0.25 km®)
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Implementation Timeline for

Sustainable Groundwater Management Act (SGMA) Major Requirements

January 2015

January 2016

compliance deadlines.

June 30, 2017

January 31, 2020

January 31, 2022

adequacy after adoption.

January 31, 2040

January 31, 2042

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

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

Local agencies must establish groundwater sustainability agencies (GSAs). SWRCB may designate probayionary
basins subject to intervention for areas that fail to comply

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

GSAs from basims not in critical overdraft must adopt and begin to implement GSPs. DWE will review plans for

GSAs from basins not in critical overdraft must achieve sustainability goals.

GSAs from basins not in critical overdraft must achieve sustainability goals.

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

Fig. 6- Timeline of the main requirements of the Sustainable Groundwater Managem ent Act (SGMA)
(December 2021)
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State Agencies

Department of Water Resources

State Water Resources Control Board

California Public Utilities Commission

Colorado River Board

Delta Stewardship Gouncil

Department of Pesticide Regulation

Department of Toxic Substances Control
Department of Conservation

Office of Envirohmental Health Hazard Assessment

Federal Agencies

Bureau of Reclamation

Army Corps of Engineers
Environmental Protection Agency
Geological Survey

Other Entities

Cities and counties
Special districts

Tribal governments
Private water companies

X X
X X
x X
x
X X X
X
X
X
X
X X
X X
X
X X
x X X
x X X
x X X
X
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Wet Year
(95 Million Acre-Feet)

Environmental

Agricultural
Uses

Uses

users.

Agricultural

Urban Uses

a Environmental water includes instream flows, wild and scenic
flows, required Delta outflow, and managed wetlands use. Some
environmental water is reused by agriculture and urban water

Dry Year
(65 Million Acre-Feet)

Environmental

Uses
Uses

Urban
Uses

Fig. 7- Changes in water consumption and allocation from wet to dry years in California (U.S. Legislative
Analyst's Office) (October 2008)
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Water Supply Versus Demand

Most Precipitation Falls in
Northern California

Annual Precipitation
In Inches

- High 171.5
P

./ State, Federal, or Local Canal

But Much of People’s Water Use
Occurs in Southem and Central Califomia

Water Use in Millions of Acre Feet

Urban Agriculture

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

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

Fig. 8- Water supply versus water demand in the state of California
(U.S. Legislative Analyst's Office) (December 2021)
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California's Water System Moves Water, Mainly from North to
South

By Water Region

North Coast

N

===* Canal/Aqueduct/Pipeline

[]
[]

River/Lake/Delta/Bay

Net Importer of water

Net Exporter of water

South
Lahontan

San Diego

Fig. 9- Transfer of water from northern California to the south by the water system of the state of California
(U.S. Legislative Analyst's Office) (October 2020)
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(Varying colors)
S0 Lake %tess Flood control chunnel O Over 3 milion
5 Dry lake
®  Majoreity 'ln—lpudhmhu ]
Los Angles, San Francisco and San O 23 milion
Diego metropolitan areas
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WATER PROVIDERS

B VP (Ceaterat Valley Project, US. Bureau of Reclamation) O 500.000-1 milion
[ SwP (State Water Project, Calif. Dept of Water Resources)
Sharcd Between CVP and SWP
B Other Federally owned Faciliies
[ San Francisco Bay Area municipal water agencies.
(SFPUD and EBMUD)
771 Greater Los Angles municipal water agencles
(LADWP and Metropolitan)
Privately owned: other

Fig. 10- Map of water storage and delivery facilities, as well as rivers and major cities in the state of
California; Central Valley Project systems are in red and State Water Project systems are in blue (April
2016)
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Friant Division- Buchanan Unit
0.3%

Friant Division - Class 2
15.2%

Friant Division -
Class 1 8.7%

East-side
WaterRights 6.5%

New Melones East
Side 1.7%

Contra Costa in Delta
21%

South of Delta- Refuge-
Level 2
2.9%

South of Delta- Water
Rights
9.5%

1.8%

South of Delta- Water
Service- M&I

Sacramento R. - Water Service- Ag. 4.9%

Sacramento R.- Water Service- M&I
0.2%

Sacramento R.-Water
Rights
23%

South of Delta- Water
Service- Ag.
21.2%

Fig. 11- The proportional distribution of 9.5 MAF CVP from the total maximum contracted water supplies
among different user groups. Percentages derived from data reported by the U.S. Bureau of Reclamation for
2016 (U.S. Bureau of Reclamation, Central Valley Project)
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Notes:

1) i erlap.

2) Numbers shown are for reference purposes only and comespond 1o intemal
DWR RAP submittal indentifications.

3) Re
the RAP submittal.
—RAP 2009 = ID No's 1 - 46
—RAP 2011 = ID No's 47 - 49

4)" Denotes Region is mnmlionaly approved

E=@)An

I (1) American River Basin
N (2) Antelope Valley

za Borrego Desert
I (4) Yosemite — Mariposa
I (5) Coachella Valley

[0 (12) Imperial
[Z1(13) Inyo - Mono
I (14) Kaweah River Basin®

—— Hydrologic Regions (19) Mokelumne/Amador/Calaveras (MAC)
—— County Boundaries (20) Monterey Penninsula, Carmel Bay, So Monterey Bay
I Select Water Bodies [ 1(21) North Coast

1 (22) North Sacramento Valley Group.
(23) Pajaro River Watershed

(24) Poso Creek

(26) San Diego

(27) San Francisco Bay Area

N\ (6) Cosumnes, American, Bear, Yuba (CABY) (28) San Luis Obispo

£ (7) East Contra Costa County [11111] (29) Santa Ana Watershed Project Authority

[ (8) Eastern San Joaquin [ (30) Santa Barbara County

£ (9) Gateway Region [ (31) Santa Cruz County
(10) Greater Los Angeles County I (32) So. Orange County Watershed Management Area
(11) Greater Monterey County [ (33) Southern Sierra

(34) Tahoe - Sierra
[ (35) Tule®
(36) Tuolumne — Stanislaus.

(15) Kem County [ (37) Upper Feather River Watershed
17 (16) Madera (11111 (38) Upper Kings Basin Water Forum
(17) Merced (39) Upper Pit River Watershed
W (18) Mojave [ (40) Upper Sacramento — McCloud
I (41) Upper Santa Clara River

I (42) Upper Santa Margarita
= (43) Watersheds Coalition of Ventura County
I (44) Westside — San Joaquin

(45) Westside (Yolo, Solano, Napa, Lake, Colusa)
[0 (46) Yuba Gounty.

(47) East Stanislaus
I (48) Fremont Basin
(49) Lahontan Basins.

SOUTH
LAHONTAN

5) IDNo.25 the IRWM D
Grant Program and is no longer shown. \
== ] v e
Miles 0 25 50 100 200 =
Prepared by California D of Water for Calit Update 2013 \

Fig. 12- Map of integrated regional water management plans of California (2013)
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Fig. 13- Schematic of the reservoir proposed by the authors of the article to collect and store surface water
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GLOBAL SURFACE TEMPERATURE: INCREASE ABOVE PRE-INDUSTRIAL LEVEL (1850-1900)

mERAS data

S-year average, since 1850

ERAS

1900 |\

*ERAS and JRA-3Q data are only shown from 1948. Shaded area

PROGRAMME OF THE
EUROPEAN UNION

(operricus

Other sources*® (including JRA-3Q, GISTEMPv4, NOAAGlobalTempv5, Berkeley Earth, HadCRUTS)

Annual averages, since 1967

)2(

197( 1980 19¢ 200

2(

represents the uncertainty for HadCRUTS data
*Estimate for 2023 based on ERAS and JRA-3Q data only
Credit: C3S/ECMWF

@ Crange Servica

S ECMWF

Fig. 14- Average surface temperature anomalies (degrees Celsius) from 1970 to 2018 showing a rapid
increase in recent decades, with the last decade being the warmest on record
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Climate Change Impact

=
6 More frequent and severe extreme heat events

Air pollution, including particulate matter,
from wildfire smoke

4
é
ﬁ ¢« * More frequent and severe disasters, such as
floods, wildfires

Less secure water and food supply due to
more frequent drought and warming
temperatures

Reduced water quality due to runoff from
extreme precipitation events and warming

Climate Change Will Have A Variety of Health Effects

Examples of Health Effects

Heat-related illness and death, including
heat stroke, dehydration,
cardiovascular failure, and kidney
disease
Death and illnesses related to asthma,
chronic obstructive pulmonary
disease, and pneumonia
Injuries and fatalities from disasters, inability to
operate certain medical equipment during Public

Safety Power Shutoffs, and behavioral health
impacts related to traumatic events

Higher incidence of malnutrition
and diarrheal disease

Increased prevalence of cholera and
harmful algal blooms in rivers and

water temperatures lakes
Higher incidence of vector-borne
diseases, such as Lyme disease and
West Nile virus

Changes in the climate conditions that
support different diseases

Source: Adapted from Centers for Disease Control and Prevention and Senate Office of Research.

Fig. 15- Climate change and its various effects on human health (U.S. Legislative Analyst's Office)
(December 2021)

(Legislative Analyst's Office) byl oY w1 o3 (395 UsS 1431 g lg2 9 O ol puaii — 30 JSUS
(December 2021)

Sea Height Variation(mm)

2010 2015

1995 2000 2005
Time

Fig. 16- Sea level rise (mm) from 1980 to 2018, which shows a constant increase over time (NASA)?
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& Estimates represent the range between "likely" scenarios with a 66 percent chance of occurring and scenarios
with a 1-in-200 chance of occurring. Range does not include estimates associated with "extreme" scenarios
incorporating the effects of potential ice loss from the West Antarctic lce Shest, which are significantly higher.

From the State of California Sea-1evel Rise Guidance Document published by the California Natural Resources
Agency and the California Ocean Protection Council.

Fig. 17- The range of ocean level rise predictions for the coast of California (December 2021)
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River

/

Dam Al a] [al 14l |a
Barrier constructed to hold

back water and regulate flows.

AR

Weir
Low wall built to alter the
speed or direction of the
water as it flows over.
-
—_—
S======) s um

AR
Detention Basin
Pond designed to temporarily

capture stormwater runoff to
prevent localized flooding.

&
s,
Ib

C

Seawall
Shereline wall or embankment constructed to
hold back waves and prevent erosion and flooding.

Reservoir
Lake created by water
impounded behind dam.

Ocean

Levee

Embankment alongside river,
usually earthen, built to contain
or control water flows.

_/

Flood Bypass

Land area designed to convey
floodwaters, for example away from
populated areas, and reduce flows
in main river path.

Fig. 18- Schematic of the key components of flood infrastructure (March 2017)
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1- California

2- Sacramento

3- Environmental

4- Agricultural

5- Urban

6- California Department of Water Resources, 2017
7- Sacramento River

8- San Joaquin River

9- Tulare Lake

10- Sierra Nevada Snowpack

11- Central Valley

12- Alexander of Aprodisia

13- Francis Bacon

14- WHO (World Health Organization)

15- Sustainable Groundwater Management Act

16- Groundwater Sustainability Agencies

17- Groundwater Sustainability Plans

18- Central Valley Project

19- USBR: U.S. Bureau of Reclamation

20- State Water Project

21- Intergovernmental Panel on Climate Change
22- Environmental Protection Agency

23- Name of a Report from California Office of
Environmental Health Hazard Assessment

24- National Aeronautics and Space Administration
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