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q Water is alarmingly scarce worldwide.

q Irrigated agriculture is world’s largest water user.

q Agricultural water application efficiency is low    
world-wide 

Policy Prescription:  Improve field-level irrigation efficiency

Global Water SurveysGlobal Water Surveys





WHAT WE KNOW (OR THINK WE KNOW) 
What are some key drivers likely to influence the next decade, regardless of other 
uncertainties?  

The AC21 has honed in on the following:

Water issues will become increasingly important domestically and internationally.
There will be increasing pressure on fresh water supplies, and less water will be available 
for agricultural uses.  Overall world fresh water quality will decline.  Linkages between 
water conservation, new agricultural technologies, and no-till agriculture will become 
increasingly important.

(p. 5, Italics added)

Second USDA Report:  Second USDA Report:  
Preparing for the FuturePreparing for the Future



qWhat does it mean for an irrigator to be more efficient in    
applying water at the field level?

qWhen does this lead to water conservation at the basin  
level, and are there undesirable side effects?

q How well does western water law deal with undesirable  
side effects?

q Effectiveness of economic water conservation policies

Working Out the LinkagesWorking Out the Linkages



Increased On-Farm 
Application Efficiency

= Agricultural Water 
Conservation 

Linkage According Linkage According 
to Policy Makersto Policy Makers







Court SettlementsCourt Settlements



Yakima River Basin Water Enhancement ProjectYakima River Basin Water Enhancement Project
()()P.L. 103P.L. 103--434 (1994)434 (1994)

q $100 million appropriated to improve irrigation efficiency in 
Bureau of Reclamation’s Yakima Project (462,000 acres).

q Congressional intent is for efficiency improvements to        
“reduce the amount of water that needs to be diverted from the      
Yakima River to maintain full crop production.  This will 
reduce water demands and thereby improve the reliability
of the water supply for both streamflows and irrigation.

Rep. Miller (California), Congressional Record H 6520, August 1, 1994.



“In situations where nonevaporated fractions of irrigation diversions 
return to the fresh water resource for reuse by others, conservation 
programs may not stretch water supplies or “save” water in the region.  
In fact, [they] are really project water “sustainment” programs since 
they sustain the water supply for one project at the potential expense 
of downstream projects, cities and perhaps the environment.”

Allen, Willardson, Fredriksen (1997), “ Water use definitions and their use for assessing 
the impacts of water conservation,”  in Hydrologic Impacts of Water Conservation.

The ParadoxThe Paradox
Troubling News from HydrologistsTroubling News from Hydrologists



“Within any given basin, wide-
spread adoption of conservation 
practices designed to increase
diversion efficiencies has the 
potential of altering basin hydrology
by reducing the magnitude of return
flows.  [This] could negatively 
impact water users who depend on 
these return flows.”         (p. 46)



q “Policies Drain the North China Plain”
(International Water Management Institute Research Report 71, 2003)

q “The Invisible Drought”    Snake River Plain Aquifer

Troubling RealTroubling Real--World Case StudiesWorld Case Studies



A Return to First PrinciplesA Return to First Principles
of Irrigation Effectivenessof Irrigation Effectiveness

q Field-level irrigation application efficiency

q Adequacy

q Uniformity



Consumptive Use
Application Efficiency  = 

Applied Water
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“Principles of Farm Irrigation System Design,” L. James, Wiley & Sons, 1988, pp. 94-98.

Irrigation EffectivenessIrrigation Effectiveness
Linking Adequacy, Uniformity, and Application EfficiencyLinking Adequacy, Uniformity, and Application Efficiency
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Increased Application EfficiencyIncreased Application Efficiency
Increased UniformityIncreased Uniformity
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State Law:  Prior Appropriation Doctrine

q Person gains usufructory (user’s) right to publicly-owned water 
diverted to a beneficial use on a fixed tract of appurtenant land.

q ‘Use it or lose it’

• Measured as amount of water sufficient to irrigate an average
mix of crops with the irrigation technology prevailing when 
right perfected.

q ‘Water Duty’ defines quantity of water under right.

q Priority of right reaches back to date of first diversion and use.

• Seniors protected from appropriation out-of-turn by juniors
• Juniors protected from overexpansion of senior rights
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Consumptive Use + Return Flow
Effective Application Efficiency  = 

Applied Water

Consumptive Use
     (Return Flow = 0)

= Applied Water

              1                     (Return Flow = Applied Water-Consum

 
ptive Use)






q The on-farm application efficiency corrected for water which is 
restored to the water source without a reduction in quality:

A Problem of ScaleA Problem of Scale
Effective OnEffective On--Farm Application EfficiencyFarm Application Efficiency





Applied Water  ( )A↓
Decrease in applied water 
measures conserved water 
in non-return-flow system

Acreage  ( )L↓

0L2L1L3L

0dI =0dI < 0dI >

Ensuing decrease in consumptive 
use measures conserved water 
in return-flow system

ProfitProfit--maximizing Response to Increase in Cost of Applied Watermaximizing Response to Increase in Cost of Applied Water



Investment in Irrigation Application Efficiency( )I↑

0I 2I1I3I
0dA =0dA > 0dA <

No Impact ConservationExpanded use

No Return Flow

ProfitProfit--maximizing Response to Costmaximizing Response to Cost--Share InitiativeShare Initiative

Acreage ( )L↑ Ensuing expansion in  consumptive use 
measures expanded use in return-flow system

Investment in Irrigation Application Efficiency( )I↑

Return Flow



The End


