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Draft Supplemental Discussion Paper: Indicators of Economic Efficiency of Agricultural Water Use
Note to ASC members: this paper is in response to several inquiries about whether economic efficiency should be considered in the methods for quantification. This is an initial draft and is for discussion only.
Efficiency Definitions
Efficiency is defined in different ways for different purposes. The word efficient means the achievement of a desired outcome with a minimum of waste. Efficiency can be defined as having achieved an efficient state, or it can be defined as a measure of how closely a process comes to achieving that state. In the latter sense, efficiency can be defined as a ratio that indicates the level of results achieved relative to the level of effort. 

Economic Efficiency
Economic efficiency of water use in agricultural production has several important differences from traditional physical measures of efficiency. Economic efficiency is not a single measure, but rather is a set of conditions relating input use and output
. Most of these conditions derive from assumptions of profit maximization, constrained profit maximization, or cost minimization. All of the conditions must be met for production to be called economically efficient. Economic efficiency is not an index measured on a scale such as 0-100%. Economic indicators could be, and occasionally have been, developed to show broad comparisons between regions or crops or over time for a given region or crop. These indicators are just that – indicators – and should not be used to draw firm conclusions about which crops or regions are using water in more economically efficient ways.
The question of whether a production process or the use of a resource is economically efficient or not depends in part on perspective. Agricultural producers make water use decisions (indeed all production decisions) based on their objectives and on information they have on prices, costs, and resource conditions. In this context, producers will use water in an economically efficient manner from their perspective. This does not mean that all producers will manage water the same way: objectives vary; resource conditions and constraints vary; prices and costs vary; access to capital varies; information and expectations about crop markets and weather vary. 

Locally- or privately-efficient water use is not necessarily economically efficient from a broader perspective. If prices do not incorporate all relevant costs or benefits to society, or other market conditions do not satisfy conditions of competitive equilibrium (and they rarely do), then a water use that may be economically efficient from an individual grower’s perspective may not be so when viewed from a broader perspective
.

Economic efficiency conditions rely on marginal responses and rates of trade-off. Generally these are not directly observable using aggregate data or even producer-level or field-level data. Rather, they must be estimated using statistical procedures or simulated using a model of agricultural production. For example, statistical methods can be used to infer marginal values and rates of trade-off among inputs and outputs. Results of such analysis could indicate whether a particular agricultural water use appears to meet conditions of economic efficiency from a local or broader perspective. Also, the economic effects of changes in water use, such as from distribution system improvements, can be quantified using standard approaches like benefit-cost analysis or cost-effectiveness analysis.

Finally, any approach to quantifying the economic efficiency of agricultural water use may assign too much of any apparent “inefficiency” to water use. Individual constraints on production (such as shortages of other factors of production), variation in land quality, improperly specified production functions, or incomplete understanding of risk and uncertainty can appear to analysts to be inefficiency. If water use is the focus of the analysis, there can be a tendency to blame it for inefficiency in production rather than other factors.

Conclusions and Potential Economic Indicators
There is no generally accepted quantifiable measure of economic efficiency of agricultural water use that applies to all conditions and that uses existing or readily-obtainable data. Economic efficiency is not a single, quantifiable value that is measurable on an absolute or relative scale.

There are economic indicators that relate to economic efficiency and that could be used to help guide public policy and public investment, but with an understanding of their limitations. Importantly, none of the following are quantifications of the economic efficiency of agricultural water use – they are indicators only. Examples could include the following.

· Average productivity of applied water is the physical output per unit of water applied. This can compare differences or changes over time for a given crop.  Average productivity cannot be used to conclude whether water is being used in an economically efficient manner. Changes in average productivity can be caused by factors other than water management (for example, yields are affected by weather, pests, new varieties) and could indicate little about how efficiently growers are using water.
· For comparing different crops or a combination of crops within an area, the value of average productivity of water could be used. It is calculated as the output price times the physical output per unit of water. DWR has used this as an indicator of economic efficiency in an appendix to the 2009 California Water Plan Update
.  The value of average productivity cannot be used to conclude whether water is being used in an economically efficient manner. The value of average productivity can rise or fall based on yields or on crop prices relative to other prices in the economy, and could indicate little about how growers are using water. Finally, the value of productivity considers only the gross value of output, not the net value of output – this could imply that all value of production is attributable to water.
· Average net returns to water is the value of output minus all non-water costs, divided by applied water. This is an average condition, so a higher average net return to water does not necessarily imply greater economic efficiency. Depending on the mix of data sources used, the calculations could produce negative net returns for some crops. Also, this calculation imputes to water the value of other inputs that are not explicitly priced, notably management.
· Economically efficient production will minimize costs for a given level and quality of output. Measures of efficiency could be constructed based on how far the level of water use is from the cost-minimizing level. Several difficulties arise in using this to assess water use efficiency. First, the analyst would need to estimate the cost function and thereby determine the minimum-cost combination of inputs. Second, the analyst would need to create a metric of the distance away from the cost function and then translate that into a corresponding measure of the efficiency of water use.
· Statistical analysis can be used to test whether water use in a given situation appears to meet the marginal conditions for economic efficiency from different perspectives.
· Benefit-cost analysis can be used to evaluate the net benefit of changes in water use resulting from specific proposed projects or policies, and the net benefit can be viewed as an indicator of the change in economic efficiency. The results can depend on whether the analysis is done from a local or statewide perspective.
· Actual water use relative to some estimated “optimal” level of water use could be used to indicate economic efficiency. This approach could be used, for example, to compare actual water use and net return at the farm level, given the water price faced by the grower, to the estimated level of water use and net return if the grower instead paid a water price that reflected the opportunity cost of water from a larger perspective, say regional or statewide. The difference between actual and optimal net benefit would be an indicator of inefficiency of water allocation and use from the larger perspective. Obviously this approach would require an analyst to estimate the regional opportunity cost of water and, based on that estimate, calculate the optimal level of water use, allocation of water, and net benefit to agricultural producers and consumers. This approach would not provide a numerical estimate of the economic efficiency of water use, per se; rather it would allow judgments as to whether actual water use is or is not economically efficient from a regional perspective, and perhaps some general notion of the magnitude of the inefficiency.

The table below summarizes a few of the potential indicators that could be used for economic efficiency. 
Possible Methods for Economic Efficiency of Agricultural Water Use

	Method
	Time Scale
	Measured or Estimated Input (X)
	Measured or Estimated Result (Y)
	Purpose or Appropriate Use
	Notes, Limitations, and Cautions on Use

	Average Productivity of Applied Water
	Single season, year, or years
	Applied water, surface plus groundwater, or ETAW (volume)
	Weight of crop produced (e.g., tons)
	“Crop per drop”. Compare production over time or between regions, fields.
	Cannot compare across crops.

Some variation over time and area unrelated to water use (due to weather, new varieties, etc.) 

Does not account for crop quality differences.

May imply that water is the only determinant of yield

Averages do not reflect economic efficiency

	Average Value of Productivity of Applied Water
	Single season, year, or years
	Same as above
	Value of crop produced (real, inflation-adjusted dollars)
	Compare the value of production over time or between regions, fields, crops.
	Some variation over time and area unrelated to water use (due to price fluctuation, weather, new varieties, etc.) 

May imply that water is the only determinant of value

Averages do not reflect economic efficiency.

	Average Net Returns to Water
	Single season, year, or years
	Same as above
	Value of crop produced minus costs of other inputs (real, inflation-adjusted dollars)
	Compare net returns over time or between regions, fields, crops.
	Some variation over time and area unrelated to water use (due to price fluctuation, weather, new varieties, etc.) 

Requires estimating cost of other inputs. Fixed or non-cash inputs are difficult to value.
Value contributed by other un-priced inputs, like mgmt., may be improperly attributed to water.

Averages do not reflect economic efficiency.

	Relative Water Use (actual versus “optimal”)
	Single season, year, or years
	Actual water use (volume or depth)
	“Optimal” water use (volume or depth)
	Assess how far actual water use is from an estimated optimal
	Must define optimal water use – depends on perspective. 

Estimating optimal water use requires complex analysis, can require many assumptions and judgments. Significant data requirements.


� A detailed description of these conditions is beyond the scope of this paper, but can be found in any advanced microeconomics textbook. Briefly, the conditions show the relationships between rates of change and substitution between inputs and outputs that would hold if commodities are being produced in an economically efficient manner.


� This does not imply any judgment about the appropriate policy response. Many different responses could be and have been suggested, including: use government regulation to force resource use to conform better to public objectives; adjust tax or subsidy policy to bring private and social costs more in line; or simply do nothing (some view such inefficiency as inevitable ,and argue that government intervention may do more harm than good).


� California DWR. “Comparing Changes in Applied Water Use”, in California Water Plan Update, Volume 4. 2009.
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