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California is a region with a mostly dry climate, a high frequency of floods and droughts, a 
large prosperous population, dynamic globally-connected economy, and concern for diverse 
water-dependent ecosystems.  California will always have water challenges.  These 
challenges have changed over the last two centuries and continue to change.  Due to these 
evolving water challenges, California has developed a range of infrastructure, technologies, 
and institutions that have allowed the state to prosper and grow dramatically, even as its 
native ecosystems struggle.  California’s water infrastructure, technologies, and institutions 
need to continue to adapt. 

California will see increasing water scarcity from climate change, the end of overdrafting 
groundwater and the Colorado River’s massive reservoirs, increased water dedications for 
environmental flows, and other factors, such as salination of aquifers and land subsidence 
reducing canal capacities.  Total reduction in average water availability in the coming 
decades will likely range from 4.6 to 9 million acre-feet per year.  For context, this is 
equivalent to the water use of 1 – 2.8 million acres of irrigated agriculture or most urban 
water use in California.  Perhaps 20-30% of this loss will likely be addressed by ongoing water 
conservation and supply improvements, being planned and implemented, leaving a 3 – 7.2 
million acre-feet/year likely net average difference between statewide water demands and 
availability. 
 

Recent droughts show some growing limitations of California’s water system.  Droughts 
exacerbate how much users would be willing to pay for additional water (economic water 
scarcity) and water scarcity impacts far beyond average conditions.  So, California needs to 
be concerned with changes in both average water availability and more extreme conditions.  
Adapting infrastructure, institutions, and preparations to manage droughts, and droughts 
potentially more extreme than those seen historically, along with more intense precipitation 
events, will be vital for maintaining public health, prosperity, and ecosystems through 
California’s inevitable droughts. 
 

Fortunately, California has a diverse portfolio of state, regional, and local actions for 
managing these challenges.  Each action has costs and impacts.  Most actions perform better 
and more sustainably when coordinated across local and regional levels, often with state 
involvement and infrastructure.  California has many options across the state, but water 
decisions are rarely easy. 
 

Some water scarcity is unavoidable for California.  The economic, financial, and 
environmental costs of eliminating all water scarcity would certainly exceed its benefits.  But 
tailoring portfolios of actions to changing conditions can greatly reduce costs of water 
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scarcity within responsible economic and environmental levels and make California’s overall 
water system more resilient to climate change.  Indeed, some water scarcity (but not too 
much) helps water users and managers maintain attention, focus, and motivation for 
innovation. 
 

Good management and policy for this situation requires organized serious attention and 
consistent long-term policy, without complacency or panic.   

 

Water supply and management is fundamental for the health, prosperity, social justice, and 
environmental sustainability of any society. In California, water supplies must serve a large 
and dynamic population, economy, and ecosystems that depend on water and water quality 
in a semi-arid climate with high and growing frequencies of droughts and floods. Nationally, 
California has many more extremely wet and dry years per average year than any other part 
of the country (Dettinger, 2011). This context has made water management a major practical 
and policy challenge for California since the 1800s (Pinter et al. 2019). Although Californians 
have made effective investments in water management for human purposes during this time, 
these investments have never occurred without prolonged discussions, analyses, and 
controversies. Nevertheless, important water problems remain for all sectors, with the 
greatest challenges for ecosystems, rural drinking water supplies, and agriculture. 

Water challenges are increasing as California’s climate is becoming more dominated by 
extremes, with higher temperatures and growing proportions of dry and wet years (Swain et 
al., 2018). Simultaneously, California’s society and economy continue to drive both increases 
and decreases in water demands and overall increases in the economic value of water 
supplies. This report reviews the context and challenges of water management in California 
and how it must adapt to changes in climate, society, economy, and ecosystems. The report 
estimates the quantities of water likely to be lost in the coming decades from natural and 
human causes. The report also discusses important trends in water demands (albeit often less 
quantitatively).  These estimates provide part of a context for public policy and investment 
decisions. 

California is a large and diverse state, with a wide range of local and changing conditions. 
Water supply problems and solutions vary considerably across the state. Locally-varying 
integrated portfolios of supply and demand management actions have become common for 
most successful water supply systems in California, even as most local and regional portfolios 
benefit and even rely on larger regional and statewide water transfer and storage systems, 
particularly in preparing for and managing droughts. 
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For about 150 years, California’s water policy focused almost exclusively on developing 
infrastructure and institutions to provide water for economic and population growth. During 
this time, California’s human population and economy grew tremendously. And California’s 
economy shifted radically from mining, to agriculture, to manufacturing, to service provision, 
with fundamental implications for human water demands and supplies. In each stage of 
economic growth, California’s newer economic activities have tended to become less 
dependent on abundant water supplies. During this time, the development of land and water 
for humans has violently disrupted California’s native ecosystems, eliminating about 95% of 
native wetlands, greatly altering the flows of rivers, and fragmenting access to riparian and 
wetland habitats. 
 
Today, California’s population growth has slowed overall and reversed in some places. Yet its 
economy continues to grow and change, and its climate is changing more rapidly.  
 
Although economic prosperity still required water, economic growth and water supply 
abundance have been largely (but not entirely) decoupled at a statewide level and for most 
regions. Roughly 95% of California’s population and economy are urban, supported by 
roughly 20% of California’s human water use.  Urban economic growth is primarily service-
dominated, not driven by water abundance, and has diminishing per-capita water use rates. 
However, most rural areas depend economically on irrigated agriculture, where water (and 
labor) costs and availability often limit economic growth, even as shifts to more profitable 
permanent crops have increased economic returns per unit of water use. 
 
In prosperous semi-arid regions, like California, water will usually be an economically scarce 
commodity (like land, labor, and excellent management) (Thompson 2011). It will rarely be 
economical to eliminate all water scarcity. The costs of eliminating all scarcity often exceeds 
the costs of accepting occasional modest amounts of scarcity. Few of us would want to pay 
taxes high enough to eliminate all traffic congestion or other ills. Modest amounts of scarcity 
also help maintain management discipline and accountability. So there is discussion on how 
California might improve its broad water supply and demand management portfolio to 
balance current and future supply costs, benefits, and impacts. The report also discusses 
some public policy issues for state, federal, and local governments in addressing these water 
supply issues. 
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California’s Department of Water Resources (DWR) distinguishes three major water use  
sectors: agricultural, urban, and environmental. Agricultural water use is predominantly water 
applied to irrigated lands from both surface and groundwater sources. Nearly all crop 
agriculture in California is irrigated.  Rainfed lands produce some winter crops and forage for 
cattle, mostly producing much less economic value. Urban water use includes usage in cities 
and rural areas for residential, commercial, industrial, and institutional purposes. 
Environmental uses, according to DWR, includes water for instream flow requirements, 
managed wetlands, required Delta outflow, and wild and scenic river flows. 
 
Current Water Use in California 
From all accessible 2002-2020 data, average annual applied water use in California is roughly 
80 MAF (million acre-ft)/yr, 47 percent is classified as environmental, 43 percent for irrigated 
agriculture and nearly 11 percent for cities and communities (Figure 1).1 In most individual 
years and especially in dry years, agriculture uses the highest proportion of water among the 
three sectors. But in wet years environmental uses have the largest share of water use (Figure 
2). This accounting for applied water (raw water use), which does not account for return flows 
to streams, reuse and recycling and groundwater recharge. Net water use (or consumptive 
use) is applied water use minus return flows available for subsequent use.  Net water use is 
more complex to estimate due to a myriad of factors including current and antecedent soil 
and atmospheric conditions driving evapotranspiration, land cover, irrigation technology (in 
the case of agriculture) and the ability of the soil and the streams to recapture runoff and 
deep percolation. The portion of water returning to the system lowers net water use. 

Of all major uses, environment water use shows the most fluctuations with an average of 37 
MAF/yr, depending heavily on wet years. Agriculture follows in applied water use 
fluctuations, averaging 34 MAF/yr, and a slightly declining trend. Urban water uses are rather 
stable, with a slight decline in trend despite population growth.  Water use fractions also vary 
greatly across California, with environmental use being predominant on the North Coast and 
being mostly absent in the Tulare, Central Coast, and Colorado River basins (Table 1).  

 
1 Rounding prevents these percentages from adding to 100%. The actual percentages are 46.6% for 
the environment, 42.8% for agriculture, and 10.7% for urban water use. 
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FIGURE 1: TOTAL STATEWIDE APPLIED WATER USE BY SECTOR 2002-2020 

 
Notes: Data from the Department of Water Resources. Data for 2017 is unavailable. 

Figure 2 shows how each sector’s water use has varied in recent years with the overall 
wetness of each water year.  Although the environmental sector has the greatest average 
water use (relying on wetter years for most of its use), agriculture is the largest sector in most 
years (increasing use in dry years).  Urban water use decreases slightly in drier years, and is 
rather steady. 

FIGURE 2: SECTOR WATER USE VS. TOTAL APPLIED USE (TAF/YEAR) 

 
Notes: Data from the Department of Water Resources, 2012-2020. Data for 2017 is 
unavailable. 

Table 1 shows 2002-2020 average applied water use by sector for nine regions and the 
statewide summary by sector. Water use by sector and region varies widely in California (both 

 -
 10
 20
 30
 40
 50
 60
 70
 80
 90

 100
 110

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
18

20
19

20
20

M
ill

io
ns

 o
f a

cr
e-

fe
et

/y
r

Urban Agriculture Environment

Environmental 
Use

Urban Use

Agricultural Use

y = 1.014x - 43679
R² = 0.95

y = 0.027x + 6381
R² = 0.135

y = -0.041x + 37298
R² = 0.053

 -

 10,000

 20,000

 30,000

 40,000

 50,000

 60,000

 70,000

 60,000  65,000  70,000  75,000  80,000  85,000  90,000  95,000  100,000 105,000 110,000

Se
ct

o
r 

w
at

er
 u

se
 (t

af
/y

ea
r)

Statewide applied water use (taf/year)



7 

across and within these regions) but has remained relatively stable in terms of proportions of 
use by sector, except for the coastal areas south of the state where highly urbanized areas 
increase opportunity costs of water use in agriculture. 

TABLE 1: AVERAGE APPLIED WATER BY SECTOR AND REGION (MAF/YEAR, 2002-2020) 

Region Agriculture Urban Environment
al 

All sectors 

Central Coast 1.08 (74%) 0.28 (19%) 0.09 (6%)  1.45 
Colorado River 3.99 (88%) 0.53 (12%) 0.04 (1%)  4.56 
North & South 
Lahontan 

0.79 (53%) 0.29 (19%)  0.41 (28%)  1.50 

North Coast     0.83 (4%) 0.15 (1%) 18.22 (95%) 19.20 
Sacramento River 8.25 (36%) 0.84 (4%) 13.68 (60%) 22.77 
San Francisco Bay 0.16 (11%) 1.21 (86%) 0.05 (3%)  1.42 
San Joaquin River 7.37 (67%) 0.63 (6%) 3.03 (27%) 11.03 
South Coast 0.73 (15%) 3.94 (82%) 0.11 (2%)  4.79 
Tulare Lake 10.84 (84%) 0.65 (5%) 1.44 (11%) 12.93 
Statewide 34.05 (43%) 8.51 (11%) 37.08 (47%) 79.63 

Notes: Data from the Department of Water Resources. Data for 2017 is unavailable. 
 
Some of the main characteristics of these sectoral uses are: 
 

Agricultural water use. California’s more than irrigated 300 crop commodities, 
produce more than $50 billion/year of revenues, and use roughly 80 percent of 
human water use (agriculture plus urban), mostly for over 5 million irrigated acres in 
the Central Valley. Other major irrigated areas are in the southern inland corner of the 
state supplied by the Colorado River. Coastal agriculture employs smaller amounts of 
surface water supplies and groundwater, with high revenue per unit of water applied. 
Agriculture in the northeast is mostly forage crops, supplied mostly by groundwater in 
Siskiyou and Modoc counties and a mix of local surface water and groundwater in 
Shasta and Lassen counties. 
 
Urban and domestic water use. With nearly 40 million people living in California, the 
8.5 MAF/yr total annual average water use in cities and rural communities have 
remained relatively stable over the past two decades despite population nearly 
doubling. Aggressive water conservation programs in most cities that include 
outreach, retrofitting of appliances, and improvements in outdoor landscape water 
use have caused sizable declines in per capita water use. The South Coast 
concentrates nearly 60 percent of the state’s population and uses 3.9 MAF/yr of water 
mostly from surface water imported from California’s wetter northern regions, the 
Colorado River, and Owens Valley. Limited supplies from local streams, coastal 
aquifers and recycling also support urban water uses in southern California. The San 
Francisco Bay Area, follow the south coast in urban water use with 1.2 MAF/yr. 
Scattered cities along the Central Valley including Chico, the Sacramento 
metropolitan area, Stockton, Modesto, Turlock, Merced, Fresno, Visalia and 
Bakersfield use about 2.1 MAF/yr altogether. The urban water footprint of the eastern 
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part of the state (Lahontan) and the North Coast is small, averaging 432 TAF/yr for the 
2002 to 2020 historical period. 
 
Small rural systems’ water use is relatively small and hard to compile in the statistical 
records. The State Water Resources Control Board is modernizing the small water 
systems and domestic well water quality data and the state is also providing funding 
to address water quantity and quality issues in these communities (see Box 1). 
 

  
Environmental Use. Water use in wetlands, wild and scenic rivers, streamflow 
requirements, and ocean outflow are included in DWR’s environmental use. In dry 
years statewide, most water is used by agriculture.  Yet all environmental uses 
increase from additional water in wet years. On average roughly 37 MAF/yr are used 
statewide for environmental purposes, but with great yearly fluctuations (Figure 2). 
Regions with the highest proportion of water in environmental uses are the North 
Coast and the Sacramento Region, followed by North and South Lahontan and the 
San Joaquin River basin. 
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Differences in sectoral water uses are quite significant across California regions. Figure 3 
shows the San Francisco Bay and South Coast regions have the highest shares of urban water 
use, whereas water use in San Joaquin Valley, Tulare, Central Coast, and Colorado River 
regions is predominantly agricultural.  
 
FIGURE 3: HISTORICAL SHARE OF APPLIED WATER USE BY SECTOR FOR CALIFORNIA’S 

HYDROLOGIC REGIONS 

   

   

   

 
Notes: Data from the Department of Water Resources. Data for 2017 is unavailable. 

Trends and Future Water Demands 
Water uses change significantly over time, reflecting changes in economic structure, 
technologies, and society’s preferences and priorities.  The structure of California’s water 
uses, law, infrastructure, and regulations have changed historically, from serving a mining 
economy, to an agricultural economy, to a wealthier predominantly urban economy with a 
substantial agricultural component and concerns for both environmental and economic 
health.   
 
Water uses continue to change.  Newer indoor plumbing technology and codes and 
conservation programs are reducing per-capita urban water use.  Market and technological 
shifts are reducing many industrial water uses.  Market and technological shifts to more 
profitable and permanent tree and vine crops have changed seasonal crop water demands 
and increased costs for crop fallowing.  Environmental regulations have increased dedicated 
environmental water uses in some rivers.   
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Statewide urban water use totals are slowly but steadily declining (Figure 4).  Total 
agricultural water use reductions has occurred slightly faster (in acre-ft/year) and slower (as a 
percent reduction per year) than in the urban sector. This is likely from a mix of more frequent 
droughts in recent decades, urban expansion displacing some agriculture, some land 
retirement from soil salination, and other factors.  Total environmental water use, by this 
accounting, is much more erratic and variable, but has declined at the greatest long-term 
rate, probably due to more recent major drought years. 

 
FIGURE 4: RECENT CHANGES AND TRENDS IN ANNUAL APPLIED WATER USE BY SECTOR 

 
 
Projecting water demands in California involves challenges and uncertainties in future 
climate, land use trends, regulation, public choices, and water use preferences and costs. The 
remainder of this section summarizes potential changes in water use for each sector. 

Urban demands. Urban demands are mostly driven by population and per capita water 
use. The latest population estimates and projections of the California Department of 
Finance show California’s population peaked by 2020, but the population seems likely to 
grow slowly again.  By 2040 population, would be 40.1 million, from 39.5 million in 2020. 
However, projections show some regions like the San Joaquin Valley might grow by 8% 
from 2020 to 2040. With current per capita urban use and population projections, total 
urban water use is unlikely to grow at the pace of last century.  Improvements in water use 
efficiency and conservation policies will likely drive further reductions in total urban water 
use perhaps by a further 10-20%, depending on population growth.2  

Agricultural demands. Agricultural water use depends largely on applied water 
requirements for crops and irrigated land area. California’s crop production will be 

 
2 California urban use decreased from over 9 million acre-feet in early 2000s, to around 8 maf for 2018-
20 period. This 13% water use reduction occurred even as population increased from less than 35 
million to 39.5 million. 
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limited by the costs and availability of both water and labor, but seems less likely to be 
limited by global market prices. With potential water limitations from groundwater 
regulation, soil and water salination, or increased environmental flows (discussed below), 
changes in total agriculture water use will depend on cropping patterns and 
evapotranspiration demands.   

California’s cropping patterns continue to shift towards permanent crops, about a third of 
irrigated land area today, which harden interannual irrigation demands yet increase the 
economic value of water use in irrigation. Strong local and global demands for these high 
value commodities will drive crop decisions and the interplay with annual crops, primarily 
vegetables and non-tree fruits. Nevertheless, production of forage crops (e.g. alfalfa, 
corn, and irrigated pasture), may remain under strong livestock and dairy commodity 
prices driven by national policy. 

Changes in crop evapotranspiration from a changing climate will affect agricultural water 
demands. Some estimates indicate that higher temperatures and dry soil and 
atmospheric conditions may increase evaporative demands by 5 to 10% in dry years 
(Moyers et al. 2024). Such increased irrigation demands may increase gaps between 
supply and demand and increase overall scarcity. Whereas fluctuations in precipitation 
might not give a conclusive projection on water potentially available for irrigation, higher 
temperatures alone may significantly narrow agricultural water availability during 
droughts.  Given California’s climate and soils and global market preferences for its crops, 
water and labor costs and availability are the most likely limits on agricultural water use. 

Environmental demands. Regulations are likely to continue and accelerate to improve or 
maintain ecosystem health with a changing climate.  These will include water quantity 
regulations as well as standards for water quality and salinity control, especially in the 
Central Valley and the Colorado River (Szeptycki et al., 2018).  Ecosystem water demands 
are especially challenging to forecast as these ecosystems change in species composition 
and spatial extent with climate change and non-native species, and policymakers face 
existential evaluations of the feasibility, resources, and sustainability of alternative 
ecosystem objectives and management.  Sustaining native and desirable ecosystems for 
California will likely require more water and other resources, implying that other sectors 
and potentially new sources will be required to supply these resources.   

California’s ecosystems are in a non-stationary period where more native species are 
becoming dependent on management. In many areas, most aquatic species are non-
natives, with more likely in the future. Higher temperatures, longer summers, more 
evapotranspiration, and less snowpack are making California less suitable for many of its 
native species.  Some major native fish species (salmon and Delta smelt) now depend on 
hatcheries. Waterfowl and their habitats often depend on management.  There are 
changes in recreational and commercial demands for ecosystems, and perhaps changes 
in demands for existence values for various ecosystems. 

These changes have likely profound implications for water management and what we 
want practically from ecosystems, and will bring challenges for infrastructure and 
operations that serve agricultural and urban water uses.  Long-term policy discussions 
and science are needed to support adaptation for these changes.  It seems clear that 
there is substantial societal pressure and demands to substantially expand water 
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availability for ecosystems, no matter how these uncertainties develop.  This is reflected in 
the next section’s discussion. 

 

California’s long-term water supplies are constantly changing as water demands evolve from 
a variety of residential, agricultural, and industrial uses, new technologies for supplies and 
demands, changing costs of alternatives, changing social values and conditions for 
ecosystems, and now a changing climate. In the following sub-sections, we compile the main 
changes expected in the next 20-30 years using information from several sources. 
 
Anticipated Water Supply Losses 
California’s water supplies are undergoing a variety of changes. Table 2 presents a non-
exhaustive list of ongoing and anticipated major changes in water supplies in the coming 
decades. Although losses to conventional water supplies cannot be estimated with accuracy, 
such losses will be sizable and likely to range between 4.6 and 9 million acre-ft per year on 
average. This is equivalent to the consumptive water use of 1.5 - 3 million acres of irrigated 
crops in California or 50% - 90% of statewide urban water use. 

TABLE 2: ANTICIPATED MAJOR CHANGES IN WATER SUPPLIES FOR CALIFORNIA IN THE 

COMING DECADES (See Appendix for sources) 

 
Change 

Estimated 
Average Loss 

Quantity  

 
Description 

Ending groundwater 
overdraft 

2-3 maf/year SGMA requires eliminating groundwater 
overdraft by 2040 

Reduced Colorado 
River supplies 

0.5-0.8 maf/year Address historical imbalance of about 1.5-
2.5 maf/yr in lower Colorado River Basin 
supplies and demands, plus climate 
change reductions 

Climate change 1-3 maf/year Warmer climate increases evaporation and 
shifts flows to winter, which are harder to 
capture 

Increased 
environmental flows 

1-2 maf/year Anticipated increases in statewide 
environmental flows (especially in non-
winter months) 
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Other supply losses 0.1- 0.2 
maf/year 

Aquifer salination, effects of reduced 
conveyance and storage capacities due to 
subsidence, water quality impairment, etc. 

Total # 4.6 - 9 
maf/year 

For context, this quantity is roughly 1.5-
3 million acres of irrigated land, or 50-
90% of urban water use 

# The likely total range is nearer the middle of this range of summed minimum and 
maximum range since it is unlikely that everything goes well or poorly. 

 
Ending groundwater overdraft under California’s 2014 Sustainable Groundwater 
Management Act (SGMA) will eliminate 2-3 million of acre-feet/year of unsustainable 
groundwater pumping in California. Most of these reductions are needed in the San 
Joaquin Valley (Escriva-Bou et al., 2023), but other regions, like the Central Coast and 
Sacramento Valley (Cole et al., 2023) also will need to reduce pumping (or bring new 
supplies) to end groundwater overdraft. The exact amount of overdraft in California is 
unknown, and could exceed this estimate. 

Reduced Colorado River supply to California is needed to stabilize reservoirs and 
improve sustainability of overall Colorado River basin water supplies. Basin-wide 
reductions in water use of 1.5-2.5 maf/year will be needed to balance basin supplies and 
uses (Schmidt et al., 2023), with climate change requiring higher reductions. If the 
traditional “Law of the River” holds strictly, California’s large senior Colorado River 
supplies might be largely unaffected, forcing other states to accommodate greater 
reductions in basin water use. This is plausible but seems unlikely. California’s large share 
of agricultural water use from Lower Colorado River supplies will likely mean that 
California ultimately absorbs a greater (perhaps the greatest) share of lower Colorado 
Basin water use reductions, likely with monetary compensation to agricultural water users.  

Climate change will increase evaporation and evapotranspiration (ET) from watersheds 
and crops, reduce snowpack, raise sea levels affecting Delta exports, and cause more 
intense atmospheric rivers and other changes. Some climate impacts are already evident. 
The overall net loss to California’s water supplies from climate change seem likely to 
average between 1-3 maf/year, even with some reoperation of water systems, and will 
worsen California’s already high seasonal and interannual variability in surface water 
supplies, challenging both flood and drought management.  The effectiveness of water 
management adaptations will greatly affect the magnitude and form of climate change 
impacts. 

Increased environmental flows for Bay-Delta outflows and other streams seem 
inevitable to comply with environmental laws, regulations (State Water Resources Control 
Board, 2018, 2023), and society’s overall preferences. These seem likely to total 1-2 
maf/year. Environmental requirements might further increase with climate change.  

Other supply losses are also likely. In the coming decades, salination of some aquifers 
will render them less useful, particularly in closed basins such as the Tulare basin. Some 
aquifer salination is already occurring in parts of the southern Central Valley, reducing 
drought storage of fresh water in some aquifers. Impairment of water supplies from 
nitrate or other pollutants also may reduce availability of safe drinking water where 
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treatment costs are prohibitive. Lastly, land subsidence from groundwater pumping—
which has reduced canal conveyance capacities in the southern Central Valley—might also 
reduce the ability to capture water from wetter years for this region. Because most land 
subsidence is from compaction in aquifer clay layers (which cannot be recharged after 
compaction), this should not greatly affect overall aquifer recharge storage capacity.  
These losses are clear qualitatively, but have been only partially quantified. 

Droughts and Variability in Supplies 
Because many water supplies vary widely between wet and dry years, average water scarcity 
is only a rough and lagging indicator of water shortage problems.  Water shortages are most 
severe and felt most acutely in droughts.  Figure 5 shows the historical variability in runoff 
from California’s largest river (Sacramento River) from 1906-2022, where the lowest year 
produced less than 30% of the average year and the wettest year produced more than twice 
the average runoff.  Smaller streams usually have even greater variability.  Maximum San 
Joaquin River annual flow is almost 15 times greater than its lowest annual flow. 
 
Given the potential economic costs of large shortages during drought, urban water providers 
must prepare for deep and prolonged droughts and other forms of water shortage, even if 
they feel supplies are adequate for average conditions and small droughts.  The same is true 
for agricultural water users, particularly as shifts to permanent crops increase potential costs 
of fallowing large crop areas during drought.  Environmentally, many years of dry conditions 
can exacerbate depletions of fish stocks.  Droughts lasting more than three years can deeply 
deplete all cohorts of salmon runs, which exceed their typical three-year life span and bring 
other environmental damages. 

FIGURE 5: HISTORICAL VARIABILITY IN SACRAMENTO RIVER AND SAN JOAQUIN RIVER 
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Notes: Data from CDEC (http://cdec.water.ca.gov/cgi-progs/iodir/WSIHIST) 

If well managed, small shortages typically have a manageable cost, where water systems and 
users are well prepared.  But prolonged large shortages can bring much larger economic 
and environmental costs.  Extreme shortage events are of the greatest interest and pose the 
greatest threats, but preparation for extreme events can have significant costs.   
 
California’s intertied water system has unusual capacity to move and store water across much 
of the state to more flexibly respond to such situations, and greatly lower its costs.  However, 
this physical capacity is not without limits.  There also are concerns from many local and 
regional managers and users that both infrastructure and institutional capacity are 
inadequate to prepare for and take advantage of this potential capacity, particularly with 
growing regulations and competition for water during droughts. This context implies that 
during extreme drought, shortages could become much larger than the averages presented 
above. The box below summarizes the 2015 drought in California, as an example of drought 
management and a reminder of the importance of preparing and investing for extreme 
conditions before droughts. Most investments must occur before droughts and floods. 
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New infrastructure can provide some additional water supplies and some additional 
efficiencies in existing water uses, but is unlikely to supply enough to eliminate all water 
scarcity in most years.  As often the largest human use, agriculture in California (and other 
Colorado basin states) is likely to lose water to other sectors either through compensation 
(e.g., water market purchases) and/or regulatory reallocation to environmental purposes. The 
economic impact of such reallocations is in the billions of dollars. Incentives for permanent 
and temporary fallowing programs like in the Sacramento-San Joaquin Delta and the 
Colorado River may become more common. 

 

1. California’s health, wealth, and sustainability have always been challenged by its climate 
and water availability.  These challenges have evolved historically, and will continue to 
change and demand attention.  California’s water infrastructure, technologies, and 
institutions need to continue to adapt. 

2. California water supply availability is becoming constrained by the transition to 
groundwater sustainability, impacts of climate change, and needs to increase 
environmental flows for ecosystem health, and other factors. We estimate that the 
magnitude of this decline could average between 4.6 to 9 million acre-feet per year—
approximately 10 - 20% of current statewide water use for cities and farms.  Drought 
shortages can be much larger and more damaging than average shortages, as seen in 
recent decades. 

3. Some water supply losses will be reduced by ongoing local and regional actions to 
augment supplies and reduce demands.  Ongoing efforts to increase water supply by 
capturing additional flows and reducing urban use might reduce these losses by 20-30%.  
A sizable average year gap will remain to be addressed through a combination of further 
supply expansions and water use reductions.   

4. Recent droughts show some of the growing limitations of California’s water system.  
Droughts exacerbate water scarcity and its impacts far beyond average scarcity 
conditions.  So, California needs to be concerned with more than average changes in 
water availability.  Adapting infrastructure, institutions, and preparations to manage 
droughts, and droughts potentially more extreme than those seen historically, will be vital 
for maintaining public health, prosperity, and ecosystems through California’s inevitable 
droughts. 
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5. Fortunately, California has a diverse portfolio of actions available at the state, regional, 
and local levels for managing these challenges.  Each of these actions has costs and 
impacts.  These actions perform better and more sustainably when coordinated across 
local and regional levels.  California has many options across the state, but water 
decisions are rarely easy. 

6. Some water scarcity is unavoidable for California.  The economic, financial, and 
environmental costs of eliminating all water scarcity would certainly exceed its benefits.  
Tailoring portfolios of actions can greatly reduce water scarcity costs to economically and 
environmentally responsible levels. 

7. With prudent and deliberate actions, most, but not all, water uses can be reliably 
supported, while keeping a thriving economy. Good management and policy for this 
situation requires organized serious attention, without complacency or panic. 
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Subcategory Sources and assumptions 
Groundwater cuts 

to achieve 
sustainability 

From Escriva-Bou et al. (2023) for the San Joaquin Valley, from Cole 
et al. (2023) for the Sacramento Valley, and assumed 10% of current 

groundwater use in the Central Coast and South Coast. 
Colorado River Following Schmidt et al (2023), we assumed a 27% contribution 

from California. Then, we assume that most of the impact will be in 
the Colorado hydrologic region, and a minor proportion in the 

South Coast. 
Climate change From Escriva-Bou et al. (2023) for the San Joaquin Valley and 

assumed a 1% increase in agricultural and outdoor urban demands 
for the other regions. Moyers et al 2024 show about 5% additional 

crop use with climate warming. 
Additional losses from watershed before runoff and aquifer 

recharge. 
Environmental 

regulations 
Following SWRCB (2023), using the 55 unimpaired flow scenario. 

 


