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There are several major threats to agriculture:

Urbanization, growing competition over scarce water, and climate change



I will primarily focus on climate change in this talk – but will touch on the other two





Sustaining California Agriculture 
 Conclusions

• There is great potential for improving the 
 efficiency of water use in California 

 agriculture.

• Many farmers are already doing these things, 
 but much more can be done.

• There are obstacles to improving efficiency, 
 but the largest is old thinking.

• These can be overcome. But will they?



Sustaining California Agriculture 
 The Potential for Improving Efficiency

• Efficient Irrigation Technology  –
 

shifting from 
 flood irrigation to sprinkler and drip systems;

• Improved Irrigation Scheduling –
 

using local 
 climate and soil information to schedule 

 irrigation; and

• Regulated Deficit Irrigation –
 

applying RDI to 
 almonds, pistachios, wine grapes, raisins.



Sustaining California Agriculture 
 Applied Water Savings



Other Savings Estimates

• Pacific Institute: 4.5 to 6 million acre‐feet.

• CalFed/Bay Delta Estimate (2006): 6.3 million 
 acre‐feet statewide  (technical potential)

[available online at: 

 
http://calwater.ca.gov/content/Documents/library/WUE/2006_WUE_Public_Final.pdf]

• Quantification Settlement Agreement: 150,000 –
 270,000 acre‐feet of conservation annually in the 
 Colorado River area only (2010‐2021)
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Sustaining California Agriculture 
 Examples of Innovators



Challenges to Capturing Savings

• Inadequate Data – lack of actual water use 
 measurement and monitoring, water balances

• Economic/Financial Barriers
 

–
 

significant initial 
 investment sometimes required; confusing subsidies.

• Inflexible Infrastructure
 

–
 

inflexible delivery systems 
 (right place, right quality, right time); few on‐demand 
 water systems.
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“One of the many challenges to studying water issues in California is the lack of a consistent, comprehensive, and accurate estimate of actual water use.” 

“While agriculture has social and cultural importance, it is also an economic endeavor and farmers must make choices about investments based on expected costs and returns. While investments in on-farm efficiency improvements can be offset by a reduction in operation costs and/or increased crop revenue, the initial investment required can be a significant barrier – policies are needed to overcome this economic barrier.”

“In California, irrigation water is predominantly delivered through canals designed and constructed in the early and middle of the 20th century. Nearly 80% of these water systems fail to provide water on-demand, which is a necessary precondition for many on-farm water efficiency improvements.” 





Challenges to Capturing Savings (more)

• Old Thinking
 

– 3 prevalent myths: 
– 1) We’ve done all we can do.

– 2) Only “consumptive”
 

water savings are 
 important because all excess water is captured 

 and used.

– 3) We accurately understand water use and flows 
 in California.
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There are multiple benefits associated with applied water savings, e.g., increased crop yields, improved water quality, and reduced energy and infrastructure costs. 

We strongly argue for a comprehensive approach that evaluates the potential for applied water reductions and creates policies to encourage water conservation and efficiency. We must move beyond the field vs. basin efficiency debate to acknowledge the potential for greater water efficiency, at all scales, to reduce non-beneficial water use, water quality degradation, energy consumption, and unnecessary or over-engineered infrastructure.





1) More Can Be Done
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Irrigation technology (and management) can be improved

We don’t know who is using what – no recent or wide-spread studies on the use of irrigation scheduling, RDI, other techniques



2) “Non‐Consumptive”
 

Savings are Critical

• Drainage
• Water quality

• Avoided infrastructure costs
• Potential for energy savings
• Ecosystem/streamflow

 restoration



It’s Not Just the Delta Smelt

• Ecosystem impacts: NOAA and NMFS conclude that 
 CVP/SWP Operations are threatening:

– Endangered winter‐run Chinook salmon

– Threatened spring‐run Chinook salmon

– Threatened steelhead
– Threatened green sturgeon
– Southern Resident killer whales

• Socio‐economic impacts: closure of commercial 
 fisheries



3) Lack of Water Measurement

• No direct measurement of agricultural water 
 use.

• No direct measurement of groundwater use.

• No direct measurement of evaporative losses.

• No direct measurement of groundwater 
 recharge or return flows.

• So? No way to do an accurate water budget.
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Future Threats 

Milly

 

et al. 2008 (Science, Vol

 

319); color added when 8/12 models agree on direction of change, for IPCC A1B 
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Changes in Hydrology 

Source: Cayan et al. 2006



Paradigm Shift Needed

• Old Thinking: inefficient/over‐irrigation doesn’t 
 matter

– Consequences: poor water quality, drainage 
 problems, ecosystem destruction, need for large 

 infrastructure, ongoing competition for water.
• New Thinking: smart and efficient irrigation can 

 help maintain a healthy agricultural sector and 
 environment

– Consequences: reduced drainage problems, higher 
 productivity per unit water, enhanced in‐stream 

 flows,  more flexible infrastructure.



Moving Forward

• Comprehensive monitoring of water use.

• Financial incentives for improving efficiency.

• Enforcement of reasonable and beneficial use laws.

• Ecosystem restoration.

• Strategic “conjunctive use.”
• Include agriculture in statewide water conservation 

 targets.

• Increased education and technical assistance: UC 
 Extension, NRCS, RCDs



Full report available online at www.pacinst.org

Contact Info:

Dr. Juliet Christian‐Smith   

juliet@pacinst.org

510‐251‐1600 (x 111)



Groundwater Mining

Source: Faunt, C.C., ed., 2009, Groundwater Availability of the Central Valley Aquifer, 

 
California: U.S. Geological Survey Professional Paper 1766, 225 p. 



Rising Salinity
• A 2009 study from UC Davis, “The Economic Impacts of Central Valley Salinity,”

 
reported that if salinity increases at the current rate until 2030, the direct annual 

 
costs will range from $1 billion to $1.5 billion, with income impacts to the Central 

 
Valley between $1.2 billion and $2.2 billion (Howitt

 

et al. 2009)
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“In terms of job losses the increase in salinity by 2030 could cost the Central Valley economy 27,000 to 53,000 jobs,” the report says. “In short, the problem is substantial and growing steadily. The magnitude of the economic and employment losses justifies a more detailed study of remedial action and correction policies.”

Water supplied by the federal Central Valley Project (CVP) and the State Water Project (SWP) brings tons of salt – literally. Each day those supplies transport the equivalent of about 40 railroad cars of salt for the western San Joaquin Valley, whose dense clay layers keep irrigation water from permeating into the ground below.

Unlike most coastal communities where salt has direct outlets to the ocean, in parts of the Central Valley there’s inadequate outlets, or even no way out, and salt accumulates. That is dire news for the crops. The excess salinity squeezes the productive life out of some of the most fertile soils in the world.  On the municipal side, communities are spending increasing amounts of money to comply with water quality discharge standards designed to limit salinity.

Increasing salinity is likely the largest long-term chronic water quality impairment to surface and groundwater in the Central Valley. Salinity, including nitrate, from past and current sources impair beneficial uses of waters throughout the Valley landscape and result in pollution of drinking water sources for some communities in the Central Valley. While there are some salinity regulatory controls in place, it is generally agreed that a much more comprehensive approach is needed, one that involves the many users of Central Valley waters. The implications of failing to solve the problem means that California will lose significant portions of prime agricultural land that provides so much food for the state, the nation and throughout the world.



All excess water is captured and used?

• According to the California Department of Water Resources, an estimated 250,000 

 
acres of land had a water table within 5 feet of the ground surface and were 

 
classified as a “present problem area”

 

in 2002. An additional 1.0 million acres of 

 
land had a water table 5 and 20 feet below the ground surface and were classified 

 
as “potential problem areas”

 

(DWR 2007). 
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We estimate that the weighted average applied water in the Tulare Lake and San Joaquin hydrologic regions is 3.11 acre-feet per acre(DWR 2008b). Based on this assumption, retiring present and potential problem areas would result in an annual water savings of 0.8 and 3.1 million acre-feet, respectively (Table B4-2).
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