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ON APRIL 1, 2015, IN RESPONSE TO THE DIRE CONDITIONS 
OF THE SIERRA NEVADA SNOWPACK AT THE END OF 
WINTER, GOVERNOR JERRY BROWN OF CALIFORNIA 
ISSUED AN EXECUTIVE ORDER THAT DIRECTED THE 
STATE WATER BOARD TO IMPOSE EMERGENCY WATER 
RESTRICTIONS.
The aim was to achieve a 25% statewide reduction 
in potable urban water usage—with water efficiency 
measures aimed at commercial, industrial, and 
agricultural users. To achieve this statewide goal, 
some cities had to reduce their water consumption 
by more than 40% (State Water Resources Control 
Board 2017). This massive cut was the culmination of 
a century-long effort to satisfy a growing population 
and economy in California with limited water resources 
(Hundley 2001).

THE CALIFORNIA CLIMATE: LARGE VARIATIONS
California is a large state with a correspondingly varied 
climate. As seen in Figure 1, some parts of the state 
are very wet, with close to 100 inches of average 
precipitation falling annually on its north coast. 
Southern California, however, is quite dry, with Los 
Angeles receiving less than 15 inches of rain per year 
and the Mojave Desert area to the east receiving less 
than 5 inches annually. This precipitation is also 
unevenly distributed across time, with the vast majority 
occurring over the winter wet season, shown in  
Figure 2.

In addition to regular spatial and seasonal variations, 
California also experiences large year-to-year variations 
in the amount of precipitation it receives. Figures 
3 and 4 show large variations in Sacramento River 
unimpaired runoff, which is the runoff the river would 
have had without water storage and diversion projects. 

It is highly correlated with total precipitation, and shows 
that runoff could change by more than a factor of 4 
from year to year. Furthermore, multi-year periods of 
extreme wetness or dryness occur periodically—the 
droughts of the early 1930s and the drought from 1987 
to 1992 feature prominently on the graph. Despite 
scientists’ best efforts at predicting droughts, these 
swings are typically not predictable more than one year 
in advance (http://drought.unl.edu/DroughtBasics/
PredictingDrought.aspx).
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PRECIPITATION

Precipitation varies widely across the 
United States, from a low of 2.3 inches 
per year in California's Death Valley to a 
high of 460 inches on Hawaii's Mount 
Waialeale. Nevada ranks as the driest 
state, with an average annual 
precipitation of 9.5 inches, and Hawaii 
is the wettest, at 70.3 inches.  The 
average annual precipitation for 
California is 21.44 inches.
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PRECIPITATION

Precipitation varies widely across the 
United States, from a low of 2.3 inches 
per year in California's Death Valley to a 
high of 460 inches on Hawaii's Mount 
Waialeale. Nevada ranks as the driest 
state, with an average annual 
precipitation of 9.5 inches, and Hawaii 
is the wettest, at 70.3 inches.  The 
average annual precipitation for 
California is 21.44 inches.
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PRECIPITATION

Precipitation varies widely across the 
United States, from a low of 2.3 inches 
per year in California's Death Valley to a 
high of 460 inches on Hawaii's Mount 
Waialeale. Nevada ranks as the driest 
state, with an average annual 
precipitation of 9.5 inches, and Hawaii 
is the wettest, at 70.3 inches.  The 
average annual precipitation for 
California is 21.44 inches.
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Figure 1: This map of the average annual precipitation in 
California shows the large geographical variation in climate 
across the state. (Source: U.S. Department of Interior; 
USGS; https://nationalmap.gov/small_scale/printable/
climatemap.html#California)



2

3.2
3.38

2.4

1.01

0.25
0.06 0.01 0.05

0.27
0.48

1.25

2.41

0

0.5

1

1.5

2

2.5

3

3.5

4

Av
er
ag
e	
Pr
ec
ip
ita
tio
n	
(in
ch
)

Month

Los	Angeles	Average	Monthly	Precipitation

0

10

20

30

40

50

60

19
22

19
25

19
28

19
31

19
34

19
37

19
40

19
43

19
46

19
49

19
52

19
55

19
58

19
61

19
64

19
67

19
70

19
73

19
76

19
79

19
82

19
85

19
88

19
91

19
94

19
97

20
00

20
03

20
06

20
09

20
12

To
ta

l	U
ni

m
pa

ire
d	

O
ut

flo
w

	(M
AF

/y
r)

Water	Year

Sacramento	River	Total	Unimpaired	Outflow

Annual	Unimpaired	Outflow Three-year	 Rolling	Average

9

21
19

12
13

8

11

0

5

10

15

20

25

Under	10	MAF 10	to	15	MAF 15	to	20	MAF 20	to	25	MAF	 25	to	30	MAF 30	to	35	MAF Over	35	MAF

Nu
m

be
r	

of
	Y

ea
rs

Annual	Unimpaired	 Outflow

Histogram	of	Sacramento	River	Unimpaired	Outflow	 (1922-2014)

Figure 2: In southern California, 
most of the annual precipitation falls 
in winter, with little to no rain in the 
summer. (Source: Western Regional 
Climate Center: https://wrcc.dri.edu/
cgi-bin/cliMAIN.pl?ca5115)

Figure 3: There are large surface 
runoff variations from year to year in 
the Sacramento River basin, as well 
as longer-term multiyear droughts, 
evi-denced by large variations in the 
three-year rolling averages. (Source: 
DWR 2016)

Figure 4: There are large surface 
runoff variations from year to year 
in the Sacramento River basin. 
(Source: DWR 2016)
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These large climatic variations create tension between 
the limited and varying water supplies and the 
water needs of a growing economy and population. 
Furthermore, the large population centers (Los Angeles 
and San Francisco Bay area) are located away from the 
wettest parts of the state (see Figure 5). Historically, 
Californians have responded by storing water from 
the wetter areas and moving water to the densely 
populated drier areas. This is the subject of the next 
section.

LARGE-SCALE WATER STORAGE AND 
DIVERSION
While the early settlers could use locally available water 
to satisfy their needs, the cities and towns of California 
grew so quickly in the 19th and 20th centuries that 
they outgrew locally available resources. To satisfy 
the growing water needs of thirsty cities and towns, 
policymakers across the state sought to divert water 
from remote areas and bring them to their local areas, 
because, as in the words of William Mulholland, 
superintendent of the Los Angeles Department of 
Waterworks and Supply from 1902 to 1928, “Whoever 
brings the water brings the people” (Carle 2015). 

Los Angeles started the trend of diverting water from 
outside local drainage basins to satisfy local needs. 
The Los Angeles Aqueduct was built between 1908 
and 1913 to divert water from the Owens River 200 
miles away, in the Owens Valley basin (LADWP 2013). 
Coupled with a few extensions built later, the Los 
Angeles Aqueduct delivered more than 400,000 acre-
feet of water annually to Los Angeles in the 70s and 
early 80s, guaranteeing 70% of the city’s water supply. 
In other words, the Los Angeles Aqueduct provided 
enough water to satisfy all the needs of the city’s 
residential water users (LADWP 1991).

San Francisco and other towns in the Bay Area 
followed suit by building their own water diversion 
projects (Hundley 2001). Other major projects built 
during the 20th century include the Colorado River 
Aqueduct, which brings water from the Colorado 
to Southern California’s thirsty cities, and the State 
Water Project, built in the 60s and 70s, which stores 
and transfers water from the Feather River Basin in 
Northern California to Southern California. Today, they 
supply two-thirds of Southern California's total water 
needs (Hundley 2001).

Figure 5: This California population density 
map shows that population is concentrated 
on the South Coast from Los Angeles to San 
Diego, in the San Francisco Bay area, and 
across the Central Valley. (Source: Jim lrwin 
at English language Wikipedia; U.S. Census 
Bureau; https://commons.wikimedia.org/wiki/
File:California_population_map.png)
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Figure 6: Water Infrastructure in California (Source: Shannon1 at English language Wikipedia; https://commons.wikimedia.org/
wiki/File:California_water_system.jpg)
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Figure 6 shows a map of California’s current water 
infrastructure. In total, there are more than 1,400 dams 
dotted across the state, including more than 100 
reservoirs with capacity larger than 50,000 acre-feet, 
covering more than 90% of all rivers (DWR 2017b). 
However, no new on-stream dam has been built since 
1980 because of growing environmental concerns. In 
1983, the California State Supreme Court first applied 
the public trust doctrine to limit the amount of water 
that can be taken out of a natural ecosystem, which 
states that “no water can be taken from a stream, lake, 
or other natural source without a careful assessment 
of the harm that might be done. The state can allow 
the use of water by cities and others, but in doing so 
it does not surrender all interest in the water; rather, 
it retains an interest in trust for the public” (Hundley 
2001). Consequently, Los Angeles had to forego 
almost 70% of its original water rights in Mono Lake, 
a closed drainage lake in central California—agreeing 
to export only 30,800 acre-feet versus more than 
100,000 acre-feet. Similar rulings capped the amount 
Los Angeles can export from the Owens Valley itself 
(Hundley 2001). 

Los Angeles partially replaced the water it lost by 
demanding more water from the Colorado River and 
the State Water Project. This exacerbated competition 
with other cities for these same non-local supplies. 
Consequently, over the past three decades, Los 
Angeles and other jurisdictions increasingly turned 
to demand management to provide enough water for 
California’s vast and growing urban landscape. And 
now the era of water conservation is upon us.

WATER CONSERVATION
Water pricing is one lever that California cities have 
used to manage demand. As Econ 101 would tell 
us, a higher price yields a lower demand, everything 
else being equal. Around 70% of urban water use in 
California is residential water use, commercial and 
government entities account for 25%, and industry 
represents 6% of total water use (Pacific Institute 
2014). Before 1980, many jurisdictions sold water to 
households at a volumetric discount, so that the more 
one bought, the cheaper its per-unit price. Over the 
past three decades, most cities have transitioned into 
a reverse, or increasing block rate structure, where 
the marginal cost of an additional unit of water gets 
more expensive the more one buys. (Figure 7 shows 
the residential rate structure in the city of Palo Alto 
over time.) In doing so, California’s cities are trying to 
strike a balance between wasteful use and essential 
use. While a high price  discourages heavy use, it 
must not be so high as to prevent low-income families 
from essential water use such as drinking, washing, 
showering, etc. (City of Palo Alto 1995). 

However, the usage of increasing block/tiered pricing 
has recently been challenged in court. More than 80% 
of California’s municipal water use is provided by public 
utilities (Carle 2015), and Proposition 218, which was 
passed in 1996, established a limit on public utility 
revenues. The proposition states that water rates must 
“not exceed the funds required to provide the property-
related service.” In 2015, a California appeals court 
found tiered pricing in the city of San Juan Capistrano 
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to be unconstitutional, as “above-cost-of-service 
pricing for tiers of water service is not allowed by 
Proposition 218 and in this case, [the city] did not carry 
its burden of proving its higher tiers reflected its costs 
of service”  (Stevens 2015).

Faced with this constitutional requirement, many 
municipal water utilities have also used non-price 
mechanisms to manage demand. These measures 
can generally be classified into two types: short-term 
emergency curtailment measures, and long-term 
technological programs that produce permanent 
reductions. 

Since 1991, toward the tail end of the 1987-1992 
drought, large- and medium-sized California cities 
have been required to produce a Water Shortage 
Contingency Plan that details the emergency measures 
they plan to undertake (LADWP 1995). Because 
outdoor landscaping irrigation accounts for about half 
of overall residential usage, (ConSol 2010) one popular 
measure has been to limit the number of days outdoor 
irrigation is permitted per week. (Figure 8 shows the 
number of jurisdictions by the number of days in a 
week where outdoor watering is permitted during the 
drought.) 

Another reason to restrict outdoor watering is because 
of its enforceability. It is an activity visible from the 
street, and cities have stepped up water policing and 
imposed large penalties for violations. These short-
term restrictions have been effective, as California’s 
cities reduced summer 2015 water usage by more than 
25% compared to the same months in 2013 (SWRCB 
2017).

At the same time, long-term incentive programs 
encourage households to replace their turf with more 
drought resistant landscaping, reducing outdoor water 
demand permanently. To reduce indoor use, both 
municipalities and the state government have set and 
gradually raised minimum water efficiency standards for 
toilets, shower heads, and other household fixtures in 
newly constructed homes (DWR 2017c). At the same 
time, they offered incentive programs for replacing 
inefficient fixtures in existing homes (LADWP 2015, 
MWDSC 2015). Similar requirements and incentive 
programs were implemented for washers and other 
household appliances as well. According to the Los 
Angeles Department of Water and Power, by 2010, 
these long-term water restrictions have reduced water 
usage 30% below baseline long-term projections, 
saving more than 200,000 AF per year (LADWP 1990, 
2010).

All the price and non-price measures have cut the 
historical link between growing population and 
economy with growing water usage. Indeed, as Figure 
10 and 11 show, even as the population of southern 
California has grown over the past three decades, its 
total water use has fallen over that period. Furthermore, 
the state has set an ambitious goal of cutting per capita 
water use 20% below the 2009 average by 2020 
(DWR 2017b). However, conservation measures will 
ultimately reach a limit, because essential water use 
cannot be cut to zero. Therefore, policymakers need to 
go back to the basics and explore a potentially more 
efficient allocation of water across the state for a more 
sustainable future.

1 7

234

107

14
1 0

15

0

50

100

150

200

250

0 1 2 3 4 5 6 7

Nu
m
be
r	
of
	C
iti
es

Watering	Days	Allowed	per	Week

Distribution	of	Weekly	Watering	Days	in	July	 2015

Figure 8: This graph shows the number of cities with a given 
number of weekly watering days allowed. One city forbids 
outdoor watering completely, while 15 have no restrictions. 
Most cities restrict outdoor watering to 2 or 3 days per week. 
(Source: State Water Resources Control Board; Author’s 
calculations; https://www.waterboards.ca.gov/water_issues/
programs/conservation_portal/conservation_reporting.shtml)

0

20

40

60

80

100

120

140

160

180

200

1990 1995 2000 2005 2010

Ga
llo
ns
	p
er
	D
ay

Year

Los	Angeles	Water	Demand

Projected	per-capita	Demand	(GPD) Actual	per-capita	Demand	(GPD)

Figure 9: Historical Los Angeles Per-capita Water Demand. 
The blue bar represents baseline projected water use from 
the 1990 Los Angeles Urban Water Management Plan. The 
orange bar is the actual demand. (Source: Los Angeles 
Department of Water and Power)



7

WATER RIGHTS AND WATER MARKETS
One potential avenue for encouraging more efficient 
water use is through water markets, where sellers 
transfer their water rights—for a price—to buyers who 
value it more. Under California’s “first-come, first-
to-right” water rights system, water right seniority is 
based on the time of first beneficial use (Hutchins 
1956). Furthermore, senior right holders can use up 
their entire allocation before junior holders can get 
their share. Historically, agriculture was the largest 
industry in the state in the 19th century, which means 
that agricultural users tend have senior water rights 
over towns and cities. Consequently, while urban 
users had to restrict their water usage during severe 
droughts, senior agricultural water right holders could 
water their crops as usual (Guo 2015). This results in 
relatively inefficient use, because the value of water in 
agricultural production (estimated to be $2/hundred 
cubic feet (CCF) in Howitt et al. 2015) is lower than 
the price paid for water in urban areas, which is at least 
$4/CCF in San Diego, for example (San Diego 2017). 

Short of reforming the entire water rights system, 
California has encouraged water trading in both the 
long and short run as a mechanism to allocate water 
more efficiently, for water to go from lower-valued 
agricultural use to higher-valued municipal and 
industrial use. Given that agriculture represents around 
80% of total water use versus 20% for urban usage 
(Pacific Institute 2014), and that urban water valuations 
are 80% higher than agricultural water valuations on 
average (Hagerty 2017), there are many opportunities 
for trading. Indeed, over the past three decades, many 
long-term agreements that have been concluded, such 
as the agreement in 2003 for Palo Verde Irrigation 
District to sell 111,000 acre-feet of its water to the 
Metropolitan Water District, over a period of 35 years. 
However, after a period of rapid growth in the 1990s 
and early 2000s, the amount of water transferred has 
stagnated, due to both regulatory barriers and physical 
limits to water transfer (Hanak and Stryjewski 2012). 

Residential Consumers Conservation Savings  

Projected M&I Demand by Sector 

Figure 10: Actual and Projected 
Population in Southern California 
(Source: Metropolitan Water District 
of Southern California, 2015 Urban 
Water Management Plan Figure 
A.1-1)

Figure 11: Actual and Projected 
Water Demand in Southern 
California (Source: Metropolitan 
Water District of Southern 
California, 2015 Urban Water 
Management Plan Figure A.1-5)
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ALTERNATIVE WATER SOURCES
Given limits to water trading and water conservation, 
California’s cities have been exploring alternative 
unconventional sources of water supply. Water 
recycling and reuse is one potential source. Recycled 
water is wastewater treated to a much higher quality 
standard than normal wastewater, which is then put 
back into specially marked water pipes for reuse 
for specific purposes. Recycled water in California 
has been cleared for non-potable uses such as 
groundwater recharge, agricultural and landscape 
irrigation, industrial use and creating a barrier against 
seawater intrusion. Despite its varied uses, recycled 
water usage has barely increased between 2009 and 
2015, going from 669,000 AF to 714,000 AF (Balgobin 
and Pezzeti 2017). The major headwinds continue to 
be a negative public perception of recycled water, 
which could potentially be improved by better public 
education and awareness campaigns. 

A second unconventional water source is desalination, 
which is the energy-intensive process of producing 
fresh water from salty seawater. Given cheap 
and abundant energy resources, desalination 
can theoretically produce a reliable and unlimited 
water supply. Indeed, the cities of Carlsbad and 
the San Diego County Water Authority have built a 
desalination plant at the Carillo power plant that has 
produced water since December 2015. Unfortunately, 
desalination typically costs much more than other types 
of water supply, at more than $2000 per acre foot, is 
much higher than the volumetric charge for imported 
water (around $1000 for Metropolitan Water District) 
or local reservoir water (around $300). It is even higher 
than recycled water (Elias 2017). While a second 
desalination plant proposal is currently before the state 
Legislature, the high costs are a potentially difficult 
obstacle to overcome for a wider application of this 
technology (Gonzalez 2017).

A third unconventional water source is stormwater 
capture, which means that instead of letting rainwater 
runoff into storm drains, it can be captured and put to 
non-potable use. A related water source is graywater 
reuse, which is reusing the relatively clean water from 
baths, sinks, washing machines, and other kitchen 
appliances for suitable purposes such as outdoor 
irrigation. However, both potential sources face 
regulatory and operational challenges that need to 
be solved before they can be put to widespread use 
(LADWP 2015).

FUTURE WATER CHALLENGES
California will face additional water challenges in 
the future. According to population projections 
made by California Department of Finance in 2013, 
California will reach a population of 44.1 million by 
2030, an increase of over 5 million from the estimated 
38.7 million in 2015 (PPIC 2016). This increased 
population along with a prospering economy will likely 
drive increases in water demand, especially if water 
conservation efforts reach their limit. 

In addition to a growing population, climate models 
show that precipitation will likely decrease in California 
in a warming world. Indeed, in the United Nations 
Intergovernmental Panel on Climate Change’s Fifth 
Assessment Report (IPCC 2014), the consensus 
global climate model “projects decreases in winter 
precipitation over the southwestern USA and much 
of Mexico associated with the poleward shift in the 
dominant storm tracks and the expansion of the 
subtropical arid regions.” In addition, more of the 
winter precipitation will likely fall as rain rather than 
snow, diminishing the winter snowpack and the spring 
runoff that is crucial to meet water demand in the high-
demand summer months.

ADDRESSING FUTURE WATER CHALLENGES
On April 7, 2017, Governor Jerry Brown declared 
an end to the drought emergency after record-
breaking precipitation during the previous winter filled 
California’s reservoirs to the brim, and produced a 
record snowpack. Many municipalities had lifted their 
own water restrictions months earlier. However, as 
the historical record shows, multi-year droughts will 
inevitably return in the future, perhaps exacerbated 
by the effects of climate change. This means that 
California must learn to manage its water supplies more 
wisely, by reforming its water right system, and finding 
new ways to conserve and recycle water, to meet the 
water challenges of the future. One immediate step 
could be to facilitate water trading between agricultural 
and urban users by cutting regulatory barriers and 
reducing transaction costs. 
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