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Abstract 
California has the nation’s largest agricultural economy ($23 billion) and 8th largest GDP in the 
world   However, the state’s productivity depends on a reliable water supply that is threatened by 
groundwater overdrafts, epic droughts of 100 years or more, earthquakes, massive floods and a 
projected 51%  population increase by 2050.  Analysis shows that the most cost effective option 
to reduce these risks is through conservation.  Urban conservation will enable the state to meet 
the projected 2050 demands.  Eliminating livestock fodder crops which account for only 0.13% 
the state’s GDP but consume 10% to 40% of the developed water (5 to 20 million acre-feet per 
year), would provide enough water to restore the Sacramento Delta, recharge the state’s depleted 
aquifers and to weather epic droughts.  Further recommendations are to: perform a cost/benefit 
analysis on the construction of a Peripheral Canal/Tunnel after the federal MHDP 200 year flood 
is completed in September 2010; and to rewrite the state’s water laws to accurately reflect the 
fact that groundwater is part of surface water and not an unlimited resource.  
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1. California Water Policy Influential Events 
California’s current water policy has been most influenced by four events.  The first was the gold 
rush of 1849 when prospectors used sluices that sometimes ran for miles to carry water for gold 
mining.  As a result, western water policy evolved to mirrored prospecting law, and those who 
used water first had priority over those who followed (Prior Appropriation).  However, just like 
an abandoned claim, if water was no longer used, the right to it was lost to the next most senor 
claimant (Use it or lose it).  Unfortunately, this has led to overuse of water and created a class of 
land holders who feel they own water that is supplied to them by publically subsidized water 
projects.1

The second event was the construction of the Los Angeles Aqueduct which carried water 223 
miles from the Owens Valley to the thirsty city.   This established the precedent of building large 
municipal projects to move water from its source to wherever it was needed and help coin the 
phrase, “In the west, water runs uphill toward money.”

 

1

The third event was environmental awareness as exemplified by the creation of the EPA (1970) 
and the passage of the Endangered Species Act (1973).  These reflected the realization that the 
environment’s condition was as important to man’s well-being as economic progress. 

   Building on this concept, federal 
Bureau of Reclamation then constructed the Central Valley Project in 1933 to provide irrigation 
water for small farms and later, hydroelectric power for economic development.  Two 
succeeding systems were then added as California’s population soared: first Metropolitan Water 
District’s 242 mile Colorado River Aqueduct (1939) and then California’s State Water Project 
built between 1957 and 1974. 

The final event is that the first three occurred during a period (1850 – 2010) that climatologists 
now know was far wetter than prior centuries.  This has led to overly optimistic allocation 
policies, as exemplified by the Bureau of Reclamation (BOR) whose continued over allocation of 
water regardless of the supply2

Figure 1
, has severely damaged the Sacrament Delta’s ecology, crushed 

the salmon and smelt ( ) populations, and cost the state over $250 million dollars 
annually.3,4  However, in 2005 a coalition of environmental groups sued the BOR and in 2007 
Judge Wagner ruled that they were in violation of the federal Endangered Species Act (ESA)5

 

 
and dramatically reduced the amount of water being withdrawn from the Delta for agricultural 
and urban use.  His decision, along with a continuing drought, has reignited the man vs. nature 
water debate over how water should be allocated.  This paper analyzes the major issues that 
frame this debate and makes specific recommendations on how California can have enough 
water without sacrificing nature or its economy. 

                                                 
1 Anonymous saying recalled by Novelist Ivan Doig and quoted by Marc Reisner in “Cadillac Desert”, pg 12. 
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Figure 1.  Estimated Total Adult Chinook Salmon Winter-Run, 1967-2005 
Source: CA DWR Bulletin 132-2005.  Figure 3-2. 

2.  Approach 
California is now known as the home of the most extensive and expensive hydrological systems 
in the world (Figure 2 & Figure 3).  The systems annually supply 40 to 60 million acre-feet 
(MAF) of “developed” 2

Most of the state’s 39 million inhabitants, 

 water for: 

The nation’s largest agricultural economy ($23 billion3) produced by 10 million acres of 
irrigated land6

The 8th largest economy in the world
 (10% of the state), and, 

7

However, the availability of this water supply is affected by the following issues:

 ($1.7 trillion - 2007).   
4

Reduction of the supply by multi-year to century-long droughts,  

 

Conveyance disruption by massive floods, earthquakes, and global warming, 
Disruption of runoff by global warming, and, 
A projected 51% population increase from 39 to 59 million by 20505

                                                 
2 Developed water is water that is controlled or directed by a man-made device such as a dam, canal, irrigation 
channel, etc. 

.   

3 BEA.  California’s agricultural GDP is more than 3 times larger than the next state which is Texas. 
4 Due to the shortened format, soil salinization is not addressed in this document. 
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Faced with these problems, what course should California pursue to ensure the success of its 
economy in the future?  This paper: 

1. Assesses the projected water demand to determine the future need, 
2. Assesses the impact of the above issues on the future water supply, 
3. Analyzes current water use to identify areas of potential conservation, 
4. Evaluates options to address the supply threats, and, 
5. Recommends cost effective approaches to provide a reliable water supply. 

                                                                                                                                                             

 

 

 
5 State of California, Department of Finance, Population Projections for California and Its Counties 2000-2050,  
Sacramento, California, July 2007.  http://www.dof.ca.gov/research/demographic/reports/projections/p-1/  
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Figure 2.  State Water Project and the federal Central Valley Project. 
Source:  Figure 1-1, Bulletin 132-06, Management of the California State Water Project, 2005 
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Figure 3.  State Water Project and the federal Central Valley Project. 
Sources: Bureau of Reclamation, www.usbr.gov/projects/Project.jsp?proj_Name=Central Valley Project  
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3. California’s Water Budget 
3.1 Current Budget 
The two major sources of water in California are precipitation (rain and runoff) and groundwater 
stored from previous years. 68 Table 1  and Error! Reference source not found. show 
California’s annual water budget for conditions that range from drought to above average 
precipitation.  Roughly 80% of the developed water is used for agriculture while the remaining 
20% supports all other actives.   

 

 
Figure 4.  California water budget 1998 - 2005.  
(Source: California Department of Water Resources, Bulletin 160, 2009).   

                                                 
6 In 2009, there were 26 desalination plants producing 84,000 acre feet per year or 1/10 of 1% of the annual water 
budget.    http://www.waterplan.water.ca.gov/cwpu2009/index.cfm#highlights 
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Table 1.  California Water Supply 

Source Million Acre Feet 
Ground water  425 
Average annual precipitation  140 - 335 
Average annual runoff  71 
Surface storage  43 - 63 
Snowpack  15 
Colorado River Import (max)  4.8 
Columbia River Import  1.4 

Source:  CA DWR 

3.2 Future Water Demand 
Table 2a & b shows two projects of future water demand based on three different growth 
scenarios which are:  

• Continuation of the current trends (Business As Usual – BAU) 
• Slow and Strategic growth, which is less than current trends, and , 
• Expansive growth outstripping the current trends  
Depending on which future occurs, California will need 2 to 5 MAF for BAU, no additional 
water for Slow and Strategic Growth, or 6 to 9 million acre-feet per year for Expansive Growth 
with reduced flows due to Climate Change (Figure 5 &Figure 6).  
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Table 2 a & b.  Future scenarios for California water demand. 

 
Source: Department of Water Resources Strategic Plan (Bulletin 160-09), 2009, Pg. 5-28. 
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Figure 5.  Change in future statewide water demand by scenario 
Source: Department of Water Resources Strategic Plan (Bulletin 160-09), 2009, Pg. 5-31 
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Figure 6.  Change in future regional water demand by scenario. 
Source:  Department of Water Resources Strategic Plan (Bulletin 160-09), 2009, Pg. 5-34 
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4. Problems affecting California’s Water Supply7

4.1 Northern Supply & Storage – Southern Consumption 
Imbalance   

 

While 70% of the state’s precipitation falls north of Sacramento, 75% to 80% of the consumption 
occurs south of the city (Figure 7a & b).  As a result, well over 3,000 miles of canals, tunnels, 
siphons and aqueducts have been built to move the water from where it falls to where it’s 
consumed9.  This complex infrastructure is expensive to operate and maintain, and consumes 
19% of the state’s electricity and 30%10  of its natural gas to move, process and distribute the 
water.8   The north-south surface storage imbalance is even greater with over 85% of the state’s 
reservoirs located north of the Delta or lying on rivers that drain into it11 Figure 8 ( ).   

Because of this imbalance, the Delta acts as a central distribution hub with 99% of the State 
Water Project’s (SWP) annual deliveries12

Figure 2
 transiting through the Delta to the Banks pumping 

plant which sends it south (  & Figure 14).  This makes the southern California’s water 
supply particularly vulnerable to anything that adversely affects the flow of water through the 
Delta (See Section 4.4). 

  

Figure 7 a & b.  Geographic location of precipitation and water consumption. 
Source: (a) California Department of Forestry and Fire Protection.  (b) California Department of Water 
Resources. 

                                                 
7 Salinization of cropland was not addressed in this paper due to its complexity and scope. 
8 Water accounts for over 4% of the state’s greenhouse gas emissions (GHG).  See (10), Pg. 14. 
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4.2 Precipitation Patterns, Short-Term Drought, and 
Groundwater Overdraft. 
California has two distinct short-term weather patterns.  The first is that 75% of the precipitation 
falls in just 5months ( December to April - Figure 8).   

 

Figure 8.  Location of major reservoirs and county surface storage capacity. 
Source:  National Atlas of the United States, 200603, Major Dams of the United States 

An example of this can be seen in Los Angeles which receives 14.8 inches per year, but since 
188713, has received less than one-third of an inch between May and September.  As a result 
there is only enough water to recharge depleted groundwater aquifers during the winter months 
and multiple consecutive wet years are required to fully recharge them.  During the period 1923 
to1993, the average groundwater overdraft was estimated to be 308,000 AF per year, and during 
the 2001 drought it exceeded 1.5 MAF9, 10,14,15

                                                 
9 Planning and local assistance: groundwater level data. CDWR, Sacramento, CA. 10 Dec 2006 

, (Error! Reference source not found.).  NASA 
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recently provided additional evidence of California’s unsustainable groundwater policies when 
its GRACE satellite detected that a water volume nearly equal to Lake Mead had been 
withdrawn from the central valley aquifers between 2003 and 2007 (Figure 9).   

 
Figure 9.  NASA GRACE Satellite reveals large-scale groundwater depletion. 
The Gravity Recovery and Climate Experiment (GRACE) reveals that 24.3 MAF of water (30 cubic km) 

                                                                                                                                                             

 

 

 
10 December 19, 2009, NASA’s GRACE satellite revealed that the San Joaquin and Sacramento valleys have lost 
24.3 MAF of water since 2003.  http://www.jpl.nasa.gov/news/news.cfm?release=2009-194, 
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have been removed from the central valley’s aquifers.  

Source:  NASA GRACE program.  
http://grace.jpl.nasa.gov/news/index.cfm?FuseAction=ShowNews&NewsID=35 

The second pattern is one of recurring 2 to 9 year dry spells.  Figure 11 shows the relative annual 
runoff from the Sacramento River.  As can be seen, there are far fewer instances of multiple wet 
years occurring in succession than dry years.  Two or more Above Average11

 

 or Wet years have 
occurred together just 13 times since 1903 and only twice in 106 years have more than three Wet 
years occurred in succession. 

 
Figure 10.  Sacramento Valley Runoff index. 
The figure shows the far greater frequency of below normal precipitation years that above normal years. 

Source:  DWR Data Exchange, WSIHIST dataset. http://cdec.water.ca.gov/cgi-progs/iodir/wsihist  
 

 

 

                                                 
11 The California Dept. of Water Resources (DWR) classifies years as Wet, Above Average, Below Normal, Dry, 
and Critical in decreasing order of precipitation. 
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4.3 Long-term Drought 
A far greater problem is posed by California’s history of long-term droughts.  Using tree rings,12 
fossil pollen,16 sedimentary deposits, 13  and other historical evidence, Paleoclimatologists have 
determined that California and Patagonia have a suffered from epic droughts of 100 to 200 years 
or more years during which runoff decreased by 20% to 40% (Figure 12).17,14

 

   

 
Figure 11.  Severe historical 100 year-plus droughts. 
Source:  Dr. Scott Stine, Extreme and persistent drought in California and Patagonia during mediaeval 
time, Nature 1994, Volume 369, Pg. 546-549 

In dry years, such as 2001, ground water accounts for as much as 40% of the developed water 
used, or about 17 MAF.  Thus, the state could only continue its current water use policies for at 

                                                 
12 The droughts lasted from approximately 900 to 1112, and 1210 to 1350.  See Dr. Scott Stine, Extreme and 
persistent drought in California and Patagonia during mediaeval time, Nature 1994, Volume 369, Pg. 546-549 
13 MacDonald, Glen M., Severe and sustained drought in southern California and the West: Present conditions and 
insights from the past on causes and impacts, Quaternary International 173–174 (2007) 87–100 
14 Recent climate studies have indicated that cooler surface waters in the eastern Pacific Oocean led to large scale 
shifts in the northern hemisphere’s atmospheric circulation.  See G. M MacDonald, “Severe and sustained drought in 
southern California and the West: Present conditions and insights from the past on causes and impacts,” Quaternary 
International 173 (2007): 87–100. 
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most 27 to 30 years15 if all 468 MAF of storage was used.18

4.4 Threats to Freshwater Delivery Through the Delta 

  This implies that significant changes 
in water use must be made should such a drought occur. 

As mentioned previously, nearly all of the SWP water and 66% of all water for non-agricultural 
use19 flows through the Delta.  It is a complex web of islands, water channels, 2 million acres of 
farm land, 500,000 individuals and 200,000 structures all protected by 1,600 miles of levees and 
weirs16

Figure 12
.  Unfortunately most of the levees were built with dredged soil and have little structural 

integrity ( a, b & c).   

  

Figure 12. a, b & c.  Delta Levee construction. 
Source:  CA DWR.  http://www.water.ca.gov/levees/history  

Since their construction, the island interiors have continued to sink (Figure 13a & b), with the 
result that a large scale failure would cause the Pacific Ocean to rush in, breaking open fuel 
storage tanks (Figure 14) and contaminating the Delta with a unusable mixture with fuel, oil, 
fertilizer, pesticides, and salt water. Such an event would prevent the transfer of fresh water 
through the Delta for several years or more, severely impacting a large portion of the state’s 
economy.  In addition, the State of California is legally responsible for at least 300 miles of 
levees, and their failure could result in billions of dollars in losses17

                                                 
15 The combined surface storage (43 MAF) and groundwater storage (424 MAF) is 468 MAF.  A 20% decline from 
average water runoff is equivalent to 17 MAF.  468 MAF/17 MAF/year = 27 years. 

. The three identified 
mechanism that could cause such an event are floods, earthquakes and global warming. 

16 To provide perspective, the length of the California cost is 880 miles, and its length at the tide line is 3,424 miles. 
17 In 1986, the Linda Island flooded after part of a State levee failed.  Peter Paterno, a resident sued the state and in 
2003, he and the other residents who joined the suit were awarded $464 million in damages.  Now known as 
“Paterno Liability”17,17 the president exposes the state to billions in potential liability and costs.  Fixing the levees 
costs 5,000 per foot, with the projected total cost of $4.5 billion dollars.   
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Figure 13. a & b.  Delta region elevation and flooding risk.  
Source: DWR Delta Risk Management Strategy (DRMS) Phase 1, Risk Analysis Report Final, Dec 2008. 
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Figure 14.  Location of fuel storage tanks in the Sacramento Delta. 
Source: DWR Delta Risk Management Strategy, 2008. 
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4.4.1 Floods 
Paleoclimatologists studying sedentary deposits have found that California has massive floods 
that reoccur on a 208 year cycle20 Table 3 ( ).   

 

Table 3.  Reoccurring 208 Year Floods Pattern in California  
Year Comments  

 212  
 440  
 603  
 800 Skipped or too small to register in the soil layer.  
 1029  
 1200 Skipped or too small to register in the soil layer.  
 1418 Northern hemisphere atmospheric circulation changed dramatically just 

before the Little Ice Age. 
 1605  
 1800 Skipped  
 1862 Small.  Did not leave a record in the sediment layer.  
 1980 to 
2020 

40 year window centered on roughly 2010 

Source:  Cyclical Flooding in California, USA, CO2 Science, 
http://www.co2science.org/articles/V6/N42/C2.php  

 

The scale of such a flood can be seen in photos from the 1862 Great Sacramento Flood (Figure 
15a & b) which covered Sacramento with 5 to 20 feet of water and forced Leland Stanford, the 
state’s eight governor, to row to his inauguration.  However, the 1862 flood did not leave a 
sedimentary record, so it can only be regarded as a 100 year event (Figure 16), and not one of the 
larger 208 year floods.21

In response to this threat, the State of California and the USGS have created the Multi-Hazards 
Demonstration Project for Southern California (MHDP) to model the historical floods 
(ARkStorm) and determine the true scope of a 200 to 500 year flood

   

22.  Its report is due by the 
end of September, 2010, in time to affect the November ballot initiative to provide $11.14 billion 
dollars to repair the Delta levees and build the Peripheral Canal.23
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Figure 15.  Second street looking East from the Sacramento Levee, 1862. 
Source:  Rawls, James J., and Richard J. Orsi. 1999. A Golden State: Mining and Economic Development 
in Gold Rush California. 1st ed. University of California Press, June 1. 
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Figure 16.  Sacramento Delta 100 year flood plain. 
Source: DWR Delta Risk Management Strategy, 2008. 
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4.4.2 Earthquakes 
Multiple earthquake faults (Figure 17) have been identified near the Delta with sufficient 
potential to generate earthquakes that could liquefy the levees, causing widespread failure and 
contamination as outlined in section 4.4.24

 

 

Figure 17.  Delta earthquake faults and fossil fuel storage tanks. 
Source: DWR Delta Risk Management Strategy, 2008. 



  23 

 

 

4.4.3 Global Warming 
Global warming will impact the Delta by raising the sea level, thereby causing sea water 
intrusion and contaminating its fresh water (Figure 18).   Global warming will also affect the 
amount of snowpack, the timing and the volume of runoff in unknown ways.  If the weather is 
wetter and warmer, then the snowpack may increase, but the runoff could be concentrated into 
fewer months.  If the weather is warmer and drier in the Sierras, then the total volume of runoff 
may decline significantly. 25,18

 

 

Figure 18.  Sacramento Delta Climate Change: 90 cm Sea Level Rise 
Source: DWR Delta Risk Management Strategy, 2008. 

 
 

                                                 
18 University of California - Davis Statewide Economic-Engineering Water Model – CALVIN,  
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5. Remediation 
The relative cost of several options (per acre-foot) to increase the supply (Figure 20) and to 
decrease the risk of supply loss by natural disaster are described below. 

 

 
Figure 19.  Relative cost of storage and new water sources. 
Source:  CALFED Bay-Delta Program Surface Storage Investigations Progress Report, April 2005. 

PPIC, NRDC, DWR. 

5.1 Delta Water Conveyance and the Peripheral Canal 
In 1982 a ballot measure to build a “Peripheral Canal” to convey water around the Sacramento 
Delta was soundly defeated by the voters who saw it as a useless boondoggle.   
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Figure 20.  The Peripheral Canal 
Source: DWR Delta Risk Management Strategy, 2008.  

While it is now part of a November 2010 ballot measure, its main problem now may be cost 
rather than need.   Because of increased development, a surface route may be impractical, 
(Figure 20) and a tunnel could increase its cost from $6 billion to as much as $53 billion 



  26 

 

 

dollars.26   Construction would be financed with General Obligation bonds (GO) and $53 billion 
would cost an average tax payer approximately $250 to $250 per year19

5.2 Urban Conservation 

. 

Figure 22 shows the potential for urban water conservation.27  In 2000, daily use was 
approximately 185 gallons/person.  By using low flush toilets, low flow shower heads and 
transitioning to native gardens, urban use could be reduced to 132 gallons per day.  When 
combined with Commercial, Institutional and Industrial (CII) conservation, consumption could 
be further reduced under 105 gallons/person, which would save enough water to meet the 
projected needs in 2050.  The Pacific Institute has further found that energy savings pay for the 
cost of residential retrofitting.28  Rebate programs to spur residential retrofitting typically cost 
organizations such as MWD $800 to $1,200 per acre foot of water saved.29

 

 

Figure 21.  Potential for Urban Conservation. 
In 2000, urban water use was approx. 185 gallons/person per day.  Water saving devices such as low flow 
toilets, showers, and native plant gardens can reduce that to 132 gallons. 

Source:  Waste Not,Want Not: The Potential for Urban Water Conservation in California, PPIC, 200, 
Figure ES-1. 

 

                                                 
19 Cost of GO bonds for the State’s 12.8 million tax payers is roughly $2.86 to $3.50 per $1 billion financed (5.5%). 
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5.3 Recycling & Reuse 
When the reusing water from sewage treatment plants was first proposed as “Toilet to Tap”, the 
concept did not gain widespread popularity for obvious reasons.  However, with drought 
conditions ever-present, recycling treatment plant effluent to recharge groundwater aquifers has 
become acceptable.20,30   As a result, MWD of Southern California is now considering recycling 
the effluent from the Hyperian21 treatment plant.  Such a system would supply enough water for 
roughly 3.8 million people22 at a cost of $550/AF23

5.4 Surface Storage 

. 

Building additional surface storage is continually proposed to address California’s water 
shortages.  However as can be seen in Table 4 and Figure 19, most surface storage options are 
prohibitively expensive, with enlarging Shasta as one of the few cost-completive options.  This is 
primarily due to California’s high land costs.  Unfortunately, enlarging Shasta continues the 
energy consuming practice of storing the water in the north and then pumping it south through 
the high-risk delta.  Figure 19 also shows that building additional surface storage in the Los 
Angele County basin is prohibitively expensive. 

Table 4.  Cost of Large Reservoirs (Per AF – 2009 dollars) 

Reservoir  Original Cost 2009 Cost 
Capacity 
(AF) 

Cost 
($/AF) Built 

Shasta $12 Million $     141,000,000   4,661,860  $        30  1945 

Diamond 
Valley Lake $1.9 Billion $  2,420,000,000      800,000  $  3,025  1999 

 

5.5 Agricultural Conservation 
Although agriculture only accounts for only 1.3% of the State’s total GDP (Figure 22), it 
consumes 80% of the developed water while produces 310 times less revenue per acre-foot than 
urban water use (Table 5).   

                                                 
20 OCWD GWR Project.  Water from sewage treatment plants is further cleaned and then injected into the 
groundwater basin for reuse at a future date.  http://www.gwrsystem.com/about/construction.html  
http://www.gwrsystem.com/about/pdf/0801gwrs_progress_rpt.pdf  
21 http://www.lacitysan.org/wastewater/  
22 Outflow from Hyperian is roughly 380 million gallons per day, which si equivalent to 800,000 AF/year.  At 0.2 
AF per person per year (2000 consumption rates), recycling the effluent from the plant would supply enough water 
for roughly 3.8 million people. 
23  http://www.gwrsystem.com/qanda/  
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Table 5.  California GDP generated per acre foot (AF) of water used. 

Sector 

GDP Per 
Sector 
(millions) 

Percent of 
State GDP 

Water 
Use 
(MAF) 

Percent 
Developed 
Water Use 

Productivity 
($ GDP/AF) Factor 

Agriculture  $ 22,388  1.2% 34 80%  $          653    
Non-Ag  $1,779,374  98.8% 9 20%  $  202,202         310  
Total  $  1,801,762 100% 43 100% 

  Source:  CA DWR, U.S. BEA 

 

 
Figure 22.  California State GDP by Sector (2007). 

Source:  Bureau of Economic Analysis.  http://www.bea.gov/regional/gsp/  
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Because of this, it is natural to determine if specific crops could be reduced or eliminated to 
conserve water.  Figure 23 shows the amount of water used per acre of crop.  From it the reader 
might conclude that rice and alfalfa (hay) could be targets for reduction.  However, a note of 
caution is in order.  The actual amount of water “Consumed” per crop depends on the irrigation 
method, its efficiency, the weather, the structure of the underlying aquifer and crop rotation.  So 
an alfalfa farm with high runoff capture and reuse might actually consume less water per acre 
than an inefficient almond orchard.  However, while determining the true amount consumed per 
crop requires a detailed farm by farm study, the relative ratios are still good indicators of where 
significant reductions might be made. 

 
Figure 23.  Water required per acre of crop. 
Source:  California Department of Agriculture. 

Figure 24 shows the income per acre per AF of water used for both crops and livestock.  As can 
be seen, alfalfa and cattle fodder use far more water and produce far less income than all other 
crops.  Thus, eliminating livestock fodder could potentially save up to 15 MAF per year.   
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Figure 24.  Water vs. Income per Acre-Foot of water used 
Source:  California Department of Agriculture, California Department of Food and Agriculture, California 
Agricultural Resource Directory 2008–2009.  http://www.cdfa.ca.gov/statistics/  

While the total economic impact of eliminating all 3.8 million acres of livestock fodder is 0.17% 
of the State’s GDP ($2 billion dollars), its impact on local rural economies could be significant.  
To determine the local impact, the value of the forage crop was calculated using California’s 
Department of Agriculture data for the top 20 crops in each county24

Figure 25

.  This was then matched 
with the local agricultural GDP and total employment data from the federal Bureau of Economic 
Analysis (BEA).   The BEA does not collect data for all of the counties under analysis, so in 
those cases the corresponding Metropolitan Statistical Area (MSA) was used and assumed to 
represent most of the economic activity in the region.  The employment from agriculture was 
then assumed to have a 1 to 1 correlation with total economic crop value.  So if the total 
employment was 100 individuals in a region and the value of the forage crop was 15% of the 
regional GDP, then it was assumed that 15 individuals were employed in producing the crop.  
This produced an upper estimate for the number of forage related jobs.   This number will be 
then reduced by a factor of 10 since field crops only employ 10% of the agriculture work force 
( ). 

                                                 
24 The California Dept. of Agriculture lists the top 20 crops for each county.  If alfalfa and fodder crops were not in 
the top 20, then it was assumed eliminating them would have a negligible impact. 
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Figure 25.  Average Monthly Employment by Crop Type in California, 2006 
Source: PPIC, More with Less: Agricultural Water Conservation and Efficiency in California 

A Special Focus on the Delta, September 2008 

Figure 26 shows a plot of farm employment vs. forage crop income as a percent of total farm 
income.  Values that lie along either axis represent cases where elimination would have a 
negligible impact because either the crop employment (Y-axis) or the crop value (X-axis) is 
small in comparison to the local total.  The Blue “Maximum Impact” line indicates where the 
regional impact would be the largest.  The total possible employment for all counties for whom 
forage is one of their top 20 crops is 9,300.  However, when scaled by 1/10th to reflect field 
employment, the total number of jobs lost state-wide would be between 930 and 1,000.   While 
Imperial and Modoc counties lie near the line, in both cases the likely job loss will be under 2 
percent, thus eliminating livestock crops will have a negligible impact.  Finally, the cost of 
eliminating the crop would be between $200 and $1,800 per acre-foot of water, which is the net 
present value of the crop revenue stream per acre, discounted at 5.5%.  The range is due to 
potential variations in how the land is fallowed and the payments to the farmer. 
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Figure 26.  Percent of employment and farm income from fodder crops. 
Source:  CA Department of Agriculture & BEA. 

5.6 Food Security 
The final issue to consider is “Food Security” which referrers to assessing the cumulative risk 
associated with where and how crops are produced.  For example, if all of the country’s wheat 
was grown by a foreign nation, in one region, or from a single seed type, then a foreign incident, 
oil embargo, drought or infection could dramatically affect nation’s wheat supply.  Thus 
sufficient analysis should be performed so that the crop relocation does not increase the total 
cumulative risk. 

6 Recommendations 
Based on the above analysis, California can meet its future water requirement needs by using a 
tiered policy approach, with succeeding levels designed to address problems of increasing 
severity. 

1. 2050 Urban Water Demand:  Continued urban conservation can provide 4 MAF of water 
per year, which will be sufficient to meet the projected need in 2050 at little or no cost due to 
energy savings. 
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2. Reliability:  Perform a cost-benefit analysis of the Peripheral Canal/Tunnel after the 2010 
MHDP report is released to ensure consideration of viable alternates.  If there are no viable 
alternatives, then its construction is necessary to ensure reliable water delivery south of the 
Delta. 

3. Ecological Restoration:   
a. Fallow enough livestock cropland to produce 2 to 4 MAF to allow for proper ecosystem 

flows during dry years.  The area needed will depend on the actual savings per acre.   
b. An alternate plan would be to create water reduction tiers based on drought conditions 

that would reduce the production of livestock crops to ensure sufficient water is available 
for ecological flows and to establish the precedent that ecosystems preservation has 
priority over low productivity crops that can easily be grown in other states.  

4. Groundwater Recharge:   
a. Fallow enough livestock cropland to produce 0.5 to 1 MAF to during average water years 

to enable groundwater aquifers to be fully recharged over time as a low-cost storage 
hedge against short-term drought.  The area needed will depend on the actual savings per 
acre. 

b. Rewrite water law to reflect that groundwater not an unlimited resource and is physically 
tied to surface water supply and use.  The recently passed Senate Bill SBX7 6 should be 
amended to add groundwater quality monitoring to prevent aquifer degradation and 
cropland salinization. 

5. Short-term Drought:   
a. Increasing storage at Lake Shasta is cost competitive storage ($791/AF) with other 

sources, but it continues the energy intensive and risk-prone practice of storing water in 
northern California and pumping it south through the Delta. 

b. Recycling and reusing effluent water from Hyperian and other sewage treatment plants 
would provide water for more than 3.8 million additional people at a cost one-tenth the 
cost of southern California surface storage and at one-half to one-third the cost of sea 
water desalinization. 

6. Long-term Drought:  California should start preparing for a long term drought by slowly 
fallowing farm land used to produce livestock crops until it is completely eliminated.  This 
would prevent large-scale upheaval when long-term droughts occur.  It would also provide 
enough water for both the remaining agriculture and for restoration of the Delta and other 
deprived wetlands.   However, if such a policy is not adopted, a plan similar to 3b above 
should be implemented to preserve ecological flows. 

7. No Open-Loop Systems:  Elimination of open-ended water use, where it is used once and 
then thrown away, such as cooling water from power plants, and effluent from sewage 
filtration plants.25

                                                 
25 Hyperion sewage treatment plant produces 350 to 450 million gallons of effluent per day by treating the sewage 
from roughly 9 million people.  Extrapolated over the 18 million inhabitants of southern California yields a roughly 
720,000 AF per year that is available for recycling. 
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7 Further Research 
More precise field measurements are needed to determine the actual amount of water saved by 
removing specific crops such as livestock fodder, rice and cotton, from production, as well as a 
economic analysis on local economies and d remediation options.  Additional research should be 
done to establish plans to respond to epic drought and the loss of the Delta through earthquake or 
flood. 
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