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Groundwater is a critical element of the California water supply. During a normal year, 30% of
the state’s water supply comes from groundwater(underground water). In times of intense
drought, groundwater consumption can rise to 60% or more.[3] Over 850,000,000 acre feet
(1,050 km3) of water, enough to cover California to a depth of 8 feet (2 m) is stored in
California’s 450 known groundwater reservoirs.[3] However, not all the water is usable. Over half
of the groundwater is unavailable due to poor quality and the high cost of pumping the water
from the ground. While surface water is concentrated mostly in the northern part of the state,
groundwater is more evenly distributed.[3]
The largest groundwater reservoirs are found in the Central Valley.[3] The majority of the supply
there is in the form of runoff that seeps into the aquifer. The freshwater is usually found in
deposits of gravel, silt, and sand. Below these deposits lies a layer of deep sediment, a relic of the
era when the Pacific Ocean covered the area.
Though California has laws governing surface water usage and quality, there exist no statewide
groundwater management laws. Each groundwater basin is individually adjudicated to determine
water rights.[4] Otherwise, for all practical purposes, land ownership implicitly carries the right to
virtually unlimited groundwater pumping.
The large quantity of water beneath the surface has given rise to the misconception that
groundwater is a sort of renewable resource that can be limitlessly tapped. Calculations assuming
that groundwater usage is sustainable if the rate of removal equals the rate of recharge are often
incorrect as a result of ignoring changes in water consumption and water renewal.[5]
While the volume of groundwater in California is very large, aquifers can be over drafted when
groundwater is removed more rapidly than it is replenished. In 1999, it was estimated that the
average, annual overdrafting was around 2,200,000 acre feet (2.7 km3) across the state, with
800,000 acre feet (0.99 km3) in the Central Valley.[6] Since then, overdrafting had significantly
increased. Satellite measurements found that in just the combined Sacramento and San Joaquin
River basins, including the Central Valley, overdrafting between 2011 and 2014 was 12,000,000
acre feet (15 km3) of water per year.[7]

Surface water
California has ten major drainage basins defined for convenience of water management. These
basins are divided from one another by the crests of mountains. From north to south the basins
are: North Coast, Sacramento River, North Lahontan, San Francisco Bay, San Joaquin River,
Central Coast, Tulare Lake, South Lahontan, South Coast, and Colorado River regions. Each
region incorporates watersheds from many rivers of similar clime.
Water use in California is used approximately 39% agricultural use, 51% environmental use and
11% urban use, though that varies considerably between regions and between wet and dry

years.[10] Around 75% of California’s water supply comes from north of Sacramento, while 80%
of the water demand occurs in the southern two-thirds of the state.[11]

Agricultural
In an average year, about 80% of California's water consumption is used for agricultural and
environmental purposes.[12] (34,000,000 acre-feet).[13] This water irrigates almost 29 million
acres (120,000 km2), which grows 350 different crops. Agricultural water usage varies
depending on the amount of rainfall each year.
Alfalfa uses about 20% of California irrigation water, most of which is used as livestock feed. In
2012, California exported 575,000 tons of alfalfa to China, for $586 million.[14] Other common
crop water use, if using all irrigated water - rice (despite its lack of water, California grows 550
billion pounds of rice per year, and is the second largest rice-growing state [15][16]);head of
broccoli: 5.4 gallons; one walnut: 4.9 gallons; head of lettuce: 3.5 gallons; one tomato: 3.3
gallons; one almond 1.1 gallon; one pistachio: 0.75 gallon; one strawberry 0.4 gallon; one grape:
0.3 gallon. [17] As drought takes its toll, more farmers turn to high-dollar crops like nuts.

Urban/residential
A 2000 study of a sampling of 735 California homes across ten water districts found that the
weighted average annual total water use of these homes was 132,000 US gallons (0.41 acre·ft)
per year or 362 US gallons (0.00111 acre·ft) per household per day.[18] To put that in perspective,
the typical office water cooler holds 5 US gallons (1.5×10−5 acre·ft), or about 1.4% of the study’s
estimated daily average household use. The study found that about 53% of total average
household water use, or more than 192 US gallons (0.00059 acre·ft) per household per day, was
used for landscaping and other outdoor uses Meanwhile, indoor use accounted for more than 170
US gallons (0.00052 acre·ft) per household per day. The most in-home water consumption is
toilet flushes, using 20% of the water. After toilets, 20% is used for showers and 18% goes to
leaks inside homes.[19]
In Sacramento, in 2012 before the severe drought started, residents were using 217 US gallons
(0.00067 acre·ft) a day per-capita.[20] Many homes in Sacramento didn't have water meters until
recently. They now are gradually being installed after former Gov. Arnold Schwarzenegger
signed a 2004 law mandating meters statewide by 2025.[21]
After Folsom, a city of 72,000 east of Sacramento, installed meters in 2011 and adopted tiered
rates, per-capita use started falling steadily.[21]

Water distribution
There are six main systems of aqueducts and infrastructure that redistribute and transport water
in California: the State Water Project, the Central Valley Project, several Colorado River
delivery systems, the Los Angeles Aqueduct, the Tuolumne River/Hetch Hetchy system, and the
Mokelumne Aqueduct.

The State Water Project
The California State Water Project is the largest multipurpose, state-built water project in the
United States.[22] The SWP transports water from the Feather River watershed to agriculture, and
some of the water goes to industrial and urban users. More than two-thirds of Californians
receive some water from the SWP. The system was designed and contracted to deliver 4,200,000
acre feet (5.2 km3), but in an average year delivers only 2,300,000 acre feet (2.8 km3) because
many of the original planned features were never built.[8] Twenty-nine agencies hold contracts
for SWP water. The contractors pay for SWP’s major operating costs and have gradually reduced
the $1.75 billion bond debt that supplied funds for initial construction. In the years since 1960,
SWP has built 29 dams, 18 pumping plants, five hydroelectric power plants, and around 600
miles (970 km) of canals and pipelines.[23]
The SWP system begins with reservoirs on upper tributaries of the Feather River. Oroville Dam
creates the largest SWP reservoir. At 770 feet (230 m) above the riverbed, the dam is the tallest
in the United States. The reservoir covers 15,000 acres (61 km2) and holds 3,500,000 acre feet
(4.3 km3).[24] Water travels from Lake Oroville to the Sacramento River. At Harvey O. Banks
Delta Pumping Plant, which pulls SWP water into the Bethany Reservoir, around 2,200,000 acre
feet (2.7 km3) are extracted from the Delta each year.[25] Water that flows to the south end of the
San Joaquin Valley must be pumped over the Tehachapi Mountains. Because of this, the SWP is
California’s largest energy consumer, and even though the hydroelectric plants of the SWP
generate 5,900 GWh per year, that is only a fraction of the energy needed to lift water over the
Tehachapis.[26] Below the Tehachapis the California Aqueduct splits, with the west branch
storing water in Castaic and Pyramid Lake, and the east branch storing water in the Silverwood
Lake reservoir.

The Central Valley Project
The CVP’s original purpose was to tame seasonal flooding and to direct water to the south to
irrigate 3 million acres (12,000 km2) of farmland. The CVP is operated by the United States
Bureau of Reclamation. As one of the largest water systems in the world it stores over 7,000,000
acre feet (8.6 km3) of water, or 17 percent of the state’s developed water.[27] The CVP dams and
diverts five major rivers: the Trinity, the Sacramento, the American, the Stanislaus, and the San
Joaquin. Friant Dam, on the San Joaquin, was completed in 1944, forming Millerton Lake. This
was one of 20 reservoirs in the CVP. Shasta Dam, the largest CVP storage facility, was
completed in 1945. At Sacramento, American River water stored by Folsom Dam is added.
2,500,000 acre feet (3.1 km3) are annually pumped from the Delta into the Delta-Mendota Canal.
New Melones Dam on the Stanislaus River was finished in 1979, and the reservoir was filled in
1982.
The CVP has generated some controversy about environmental damage, prices charged to
farmers, and lax enforcement of farm size limitations. Bureau of Reclamation water was
supposed to be used for farms limited to 160 acres (see Homestead Act). Under Spanish and
Mexican land grants, however, there were only a few land owners, all of whom owned large
tracts of land. A 1982 reform increased CVP area limits to 960 acres (3.9 km2).[28] In 1992, the
Central Valley Project Improvement Act made fish and wildlife protection and restoration an

authorized purpose of the CVP on an equal footing with other authorized purposes. 800,000 acre
feet (0.99 km3) of annual runoff were dedicated to environmental usage, which generated intense
controversy.[29]

Colorado River Systems
The Colorado River is the source of 4,400,000 acre feet (5.4 km3) per year for California.[30] Six
other states along the river’s watershed (Wyoming, Nevada, Utah, Colorado, New Mexico, and
Arizona) and Mexico, share allocated portions of river water. The Metropolitan Water District of
Southern California, or MWD, holds priority water rights on the Colorado. It sells water to 95
percent of the South Coast region. Lake Mead, formed by Hoover Dam, is the primary reservoir
in the Colorado River basin. The Colorado River Aqueduct begins 155 miles (249 km)
downstream from Hoover Dam, and can carry 1,200,000 acre feet (1.5 km3) annually.
An additional system diverts water from the Colorado River at the Imperial Diversion Dam
provides waters to the Imperial and Coachella valleys as well as Yuma, Arizona, via the Alamo
Canal, the Coachella Canal and the All-American Canal, which runs alongside the Mexican
border. This system was also responsible for the accidental re-creation of the Salton Sea in 1905.
The Colorado is often over allocated, because apportionments were made on inaccurate
measurements of annual runoff. Marc Reisner in Cadillac Desert noted that the Colorado is
"unable to satisfy all the demands on it, so it is referred to as a ‘deficit’ river, as if the river were
somehow at fault for its overuse".[31] For years California took more than its share of the
apportionment, because other states were not prepared to use their entire allotments. MWD
became used to 800,000 acre feet (0.99 km3) excess of water. Pressure from other Colorado river
states caused the Secretary of the Interior to order California to show progress towards
decreasing its dependency on the excess 800,000 acre feet (0.99 km3), or face cuts.[32] The
Colorado River Water Use Plan called for Imperial and Coachella Valley agriculture to give up
water in order to reallocate 800,000 acre feet (0.99 km3) within the state. The plan’s proposals
generated much controversy, and the deadline arrived with no agreement reached. The
Department of the Interior reduced MWD’s access by 415,000 acre feet (0.512 km3).

The Los Angeles Aqueduct
The Los Angeles Aqueduct carries water from the Eastern Sierra Nevada to Los Angeles. The
construction of the aqueduct marked the first major water delivery project in California. The city
purchased 300,000 acres (1,200 km2) of land in the Owens Valley in order to gain access to
water rights. The Los Angeles Department of Water and Power transports 400,000 acre feet
(0.49 km3) of Eastern Sierra Nevada water to the city each year. This growth clearly shows
William Mulholland’s observation that “Whoever brings the water, brings the people.”[33]
After four decades of diversion from the Mono Lake area, environmental damage created an
environmental battle in the 1980s, with a victory for the Mono Lake proponents in 1994.[34]
Other problems arose when dust from the bed of Owens Lake (completely dried up by
diversions) became a major source of air pollution in the southern Owens Valley. To restore
Mono Lake, correct air-quality law violations, and rewater portions of the Owens River, Los

Angeles has begun to reduce its dependence on Eastern Sierra Nevada water. This has mostly
been achieved through water conservation. The city enacted a program offering free low-flow
toilets to its customers.[35]

Hetch Hetchy Aqueduct
The Hetch Hetchy Aqueduct carries water from the Tuolumne River to San Francisco and other
Bay Area regions. The system starts in Hetch Hetchy Valley, inside Yosemite National Park. The
system also generates electricity, which is a major source of revenue for San Francisco.[citation
needed]
After water leaves Hetch Hetchy, it passes through tunnels towards powerhouses. Three
pipes then bring the water across the Central Valley. Concerns about the Hetch Hetchy
Aqueduct’s ability to withstand earthquakes led to a $1.7 billion bond, approved by voters in
November 2002.[36]

Mokelumne Aqueduct
The East Bay Municipal Utility District (EBMUD) serves 35 communities in Alameda and
Contra Costa Counties, including Berkeley and Oakland. The Mokelumne River in the central
Sierra Nevada is the source for almost all of EBMUD’s water. EBMUD built the Pardee Dam
across the Mokelumne in the foothills northeast of Stockton. South of Pardee is Camanche
Reservoir, which regulates releases to serve downstream water rights holders. EBMUD holds
almost 30,000 acres (120 km2) in the Mokulumne River watershed and 25,000 acres (100 km2) in
other watersheds. EBMUD also has an American River water right that could be sent to the
Mokelumne Aqueduct through the Folsom South Canal. The only time this has been done was
during the drought years of 1977-78, when the water was actually pumped from the Delta.[8] This
generated controversy, as EBMUD preferred the cleaner water from the American River, but
environmentalists and Sacramento had concerns about the impacts such a diversion would have
on the river. The legal battle led to affirmation of EBMUD’s water right, but modifications were
also negotiated. The intake point was moved downstream, to maintain minimum flows in the
American River before it merges with the Sacramento.

North Bay
Certain municipalities north of San Francisco Bay, including Santa Rosa and Petaluma, are
served by the Sonoma County Water Agency. Their primary water source is the Russian River.
However, it must be noted that the Russian River owes its summer flow in large part to the Eel,
which is bled off via a tunnel into Potter Valley (via the Potter Valley Project) and flows to a
reservoir near Ukiah, Lake Mendocino. PG&E now owns the rights to this delivery system, as
well as the long controversial history. There are many along the Eel who would like their water
back.
The cities of Vallejo, Fairfield, and Vacaville are served by the Solano County Water Agency,
which transports water from Lake Berryessa and moves it south along the Putah South Canal.
Marin County has the Marin Municipal Water District and the North Marin Water District.

Planning and management
California water plans
There have been several documents known as the "California Water Plan", with the most recent
being published in 2009.[37] Before the state of California started drafting comprehensive plans
for the management of water in the state, the earliest plan for water distribution in California was
an 1873 report. This was followed by a 1919 report called "Irrigation of Twelve Million Acres in
the Valley of California". The 1919 report is this first comprehensive plan, and is often called the
"Marshall Plan", after its author Col. Robert Bradford Marshall. There have been many
subsequent water plans and water plan updates, which were often issued as California
Department of Water Resources bulletins.[38] Senate Bill 1420 introduced in September 2014 is
aimed at all water suppliers to curb-water leaks in transit and improve water management.[39]

Water rights
On more than one occasion, the California Supreme Court has noted that “the scope and
technical complexity of issues concerning water resource management are unequaled by virtually
any other type of activity presented to the courts."[40][41] An example of this complexity is
demonstrated in the case of National Audubon Society v. Superior Court.
Water rights are divided in multiple ways. Water rights to surface water and underground
sources are separate. Also, California recognizes four distinct types of water rights to surface
water in its statutory and common law: pueblo, riparian, prior appropriation, and water reserved
by the USA fifth statutory right also provides area of origin watershed rights.[citation needed]
Pueblo water rights
California recognizes water rights granted to pueblos (settlements) under the Spanish and
Mexican governments, prior to the Treaty of Guadalupe Hidalgo.[42][43] Under the doctrine,
pueblos organized under the laws of Mexico or Spain have a water right to the yield of all
streams and rivers flowing through the city and the groundwater aquifers lying below.[44] Pueblo
water rights are superior to all riparian and appropriative rights and cannot be lost by a failure to
assert an interest or use the water.[45] In addition, the pueblo's claim expands with the needs of
the city and may be used to supply the needs of areas that are later annexed to the city.[45] Los
Angeles and San Diego are the only original pueblos to exercise their pueblo water rights in the
courts.
Pueblo water rights are controversial. Some modern scholars and courts argue that the pueblo
water rights doctrine lacks a historical basis in Spanish or Mexican water law.[46]
Riparian water rights
Under the riparian doctrine, "the owner of land has the right to divert the water flowing by his
land for use upon his land, without regard to the extent of such use or priority in time".[47]
"Riparians on a stream system are vested with a common ownership such that in times of water

shortage all riparians must reduce their usage proportionately."[48] To accommodate gold mining,
the doctrine of appropriation was incorporated into California water law.[citation needed] Riparian
rights, however, continue to be acquired through ownership of land contiguous to the
watercourse.[48]
Water rights by prior appropriation
“The appropriation doctrine confers upon one who actually diverts and uses water the right to do
so provided that the water is used for reasonable and beneficial uses,” regardless of whether that
person owns land contiguous to the watercourse.[48] In addition, all appropriative rights are
subordinate to riparians or earlier appropriators.[48] In times of shortage riparians are entitled to
fulfill their needs before appropriators are entitled to any use of the water.[49] "And, as between
appropriators, the rule of priority is 'first in time, first in right.'"[50] Beginning in 1914, a statutory
scheme has provided the exclusive method of acquiring appropriation rights through the
California State Water Resources Control Board.[51] The modern system of prior appropriation
water rights followed by California is characterized by five principles:
1. Exclusive right is given to the original appropriator, and all following rights are
conditional upon precedent rights.
2. All rights are conditional upon beneficial use.
3. Water may be used on riparian lands or non-riparian lands (i.e. water may be used on the
land next to the water source, or on land removed from the water source)
4. Diversion is permitted, regardless of the shrinkage of the river or stream.
5. The right may be lost through non-use.[52]
Beneficial use is defined as agricultural, industrial, or urban use. Environmental uses, such as
maintaining body of water and the wildlife that use it, were not initially regarded as beneficial
uses in some states but have been accepted in some areas.[53] Every water right is parameterized
by an annual yield and an appropriation date. When a water right is sold, it maintains its original
appropriation date.
Water reserved by the United States
Lands reserved by the United States government are accompanied by a corresponding
reservation of water rights for as much water is needed to fulfill the purpose for which the
reservation was made. Such reservations were made on behalf of native American tribes,
national parks, monuments and forests.[54][54][55][56] Water rights reserved by the United States are
defined by and controlled by federal law. And because reserved water rights are not riparian nor
appropriative, they may conflict with state law.[54]
Area of origin watershed rights
California provides communities and other water users within watersheds senior status over
appropriative water rights in limited circumstances.[57]

Area of origin water rights parallel pueblo water rights. In both cases, water is reserved for future
growth of the local community. In other words, appropriations may be subject to a water rights
claim from people/government in the area of origin. That later claim would be senior despite its
temporal disconnect. As a result of its pueblo rights, Los Angeles has rights to all or almost all
water from the Los Angeles River.[which?] In the same way, communities along major water
sources such as the Sacramento River theoretically have senior water rights to support growth
despite a downstream user holding otherwise senior appropriative water rights.[citation needed]
Area of origin laws were passed in reaction to the controversies related to Los Angeles diverting
water from the Owens Valley.[citation needed] Despite being on the books for generations, the area of
origin statutes were not used until 2000. In addition, there currently are no court opinions
regarding area of origin watershed rights.[citation needed]

Adjudication
Since under the law, landowners can extract as much groundwater from their property as they
can put to beneficial use, adjudication was used to determine who had the right to pump how
much and to audit such usage.[58] The courts appoint water masters to audit usage and otherwise
enforce water rights, who are often management boards, the federal United States Department of
the Interior, the California Department of Water Resources, or an individual.[58][59][60]

Disputes and controversies
The California Water Wars, a struggle between Los Angeles and certain parties within the
Owens Valley, for water rights is but one of examples of the alleged wrongdoings of
municipalities and people in securing adequate water supplies. The city of Los Angeles bought
300,000 acres (1,200 km2) of land from residents of the Owens Valley and the water rights
attached with them, for a fair price. The diverting of this water from the valley, it is alleged,
transformed it from an agricultural valley into a dust bowl.[31]
The electricity produced by the hydroelectric plants drawing their water from the Hetch Hetchy
reservoir became the subject of controversy when it was reported by the San Francisco Bay
Guardian that the city of San Francisco sold roughly 500 megawatts of power to the PG&E,[61]
supposedly in violation of the Raker Act, which specifies that because the source of water and
power was on public land, no private profit could be gained from such sales. Whether or not the
Raker Act is indeed being violated is still a matter of controversy.
The creation of so many dams in California in order to enact a pragmatic water supply program
has been met with criticism from some environmentalists,[which?] who have decried the negative
effects of dams on ecosystems, particularly on migratory fish populations.[62]
California’s population will be almost 50 million people in the year 2020.[63] If the prediction
comes true and there is no action to increase the water supply, the difference between water
demand and supply would be between 2,000,000 and 6,000,000 acre feet (7.4 km3) in the year
2020.[64] Over the past five years California voters have approved $3 billion in bonds for water
development and management. Many of these projects are incorporated in the CALFED Bay-

Delta program, a federal-state program designed to reduce water supply conflicts. In August
2000 the state and federal governments approved the CALFED plan for water quality, water
conservation and recycling, watershed administration, ecosystem re-establishment, delta levees,
surface and groundwater storage, water transportation, and science. The plan has a thirty-year
implementation period and designed to incorporate changes in conditions and knowledge about
the effects of specific projects. Stage 1 was initiated in 2000 and was designed as a seven-year
program. The cost is estimated to be $8.7 billion.[65] Stage 1 water yield within the next seven to
ten years is estimated to be 2,900,000 acre feet (3.6 km3) per year.[64] As part of Stage 1, an
Environmental Water Account was established through the purchase of 350,000 acre feet
(0.43 km3) of water. The EWA is used to protect fish and other wildlife without reducing water
allocations to farms and municipalities.
A $7.5 billion water bond was approved in November 2014 with a 2 to 1 ratio.[66] The bondfinancing has been contentiously debated by the legislature and Governor Jerry Brown for the
past few years, was said to improve the water quality, supply and infrastructure, if passed by
voters.[67]

Major droughts in California history since 1900
[68][69]
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