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Introduction
[bookmark: _Toc293666112]Purpose of quantifying the efficiency of agricultural water use
The Department of Water Resources (Department), in consultation with the Agricultural Water Management Council, academic experts, and other stakeholders, has been directed by the Legislature to develop a methodology for quantifying the efficiency of agricultural water use and a plan for implementation (California Water Code § 10608.64). 
The purpose of this report is to document:
· The context and understanding of agricultural water use 
· Development of a methodology for quantifying the efficiency of agricultural water use
· A plan for implementation of the methodology 
· A cost estimate of implementation 
An important step in developing a methodology to quantify the efficiency of agricultural water use is defining the purpose of quantification. There are many potential methods to calculate relationships between various aspects of agricultural water use, differing by geographic scale and the practices considered – but the method(s) selected will vary depending on what the calculation is attempting to evaluate. Selection among methods, therefore is dependent on the purpose of quantification.
The legislation does not directly define the purpose or purposes of quantification. However, drawing directly from policy statements and other language in SBx7-7 (the Act) and input from stakeholders the following broad purpose guided the development of the methodology for quantifying the efficiency of agricultural water use (more specific purposes and plausible objectives are discussed later in this report):
Broad Purpose: The methodology will be useful for water managers and those interested in the management of water resources – whether a farmer, a water supplier, an advocacy group, or a regional, state or federal planner or policy-maker – to evaluate current and potential water management paradigms and opportunities for modification in the management, distribution, and efficient use of water in agriculture. 
Provisions of SBx7-7 related to quantifying the efficiency of agricultural water use
Quantifying the efficiency of agricultural water was directed by policy statements and other language in the Act. Section 10608.64 of the Act states:
 The department… shall develop a methodology for quantifying the efficiency of agricultural water use. 
…the department shall report to the Legislature on a proposed methodology and a plan for implementation. The plan shall include the estimated implementation costs and the types of data needed to support the methodology.
Direction concerning methodological approach is also included in the Act.
Alternatives to be assessed shall include, but not be limited to, determination of efficiency levels based on crop type or irrigation system distribution uniformity. 
These statements guided the assessment of methodologies considered for the quantification of efficiency of agricultural water use and opportunities for implementation. In addition to language in Section 10608.64, excerpts from the Statutes related to agricultural water use in Chapter 1, General Declarations and Policy, provided guidance in the assessment of methodologies and  development of an implementation for quantifying efficiency of agricultural water use by specifying the importance of:
· measurable outcomes related to water use or efficiency
· improvements in technology and management practices increasing the potential for water efficiency
· requirement that all water suppliers increase water use efficiency
· establishing consistent water use efficiency planning and implementation standards; 
while recognizing the:
· influence of reuse within and outside water supplier service areas
· importance of noncrop beneficial use associated with agricultural water use
Appendix A contains the complete provisions of the Act related to quantifying agricultural water use efficiency.
Defining the quantification of efficiency of agricultural water use 
Efficiency is defined in different ways for different purposes. To be efficient means to achieve a desired outcome with a minimum of waste. Efficiency is a measure of how closely a process has achieved the desired outcome when considering the use of inputs necessary to achieve the outcome. In other words, efficiency can be defined as a ratio that indicates the level of results achieved relative to the level of effort. 
Section 10608.64 of the Act instructs the Department to develop a methodology for quantifying the efficiency of agricultural water use. Therefore, the measure of efficiency, as described here, is limited to agricultural water use and its role in achieving an outcome, where that outcome is the production of a “commodity” (e.g. agricultural products). 
A common use of this concept is irrigation efficiency, which is considered to be an indicator of the ratio of water consumed by a crop for evapotranspiration (ET) (and other beneficial uses, such as leaching), to water applied to a field to serve the beneficial uses. Irrigation efficiency is defined in Burt (1995) as the ratio of volume of irrigation water beneficially used to the difference between the volume of irrigation water applied and the change in storage. 
However, this narrow consideration may lead to a misrepresentation of the “efficiency of agricultural water use” in that, depending on the condition being assessed, the ratio does not account for a myriad of other factors associated with the delivery and application of water to produce the desired agricultural commodity. It also does not accommodate the spatial scales associated with the delivery and application of the water, limiting the measurement to just the use at the field scale. 
Other definitions of efficiency in agriculture exist. The Department defines agricultural water use efficiency in the 2009 Water Plan Update as net water savings resulting in benefits to other purposes than agriculture. More specifically: 
The estimation of net water savings is the reduction in the amount of water used that becomes available for other purposes, while maintaining or improving crop yield. Net water savings… recognizes 1) uptake and transpiration of water for crop water use, 2) the role, benefits, and quantity of applied water that is recoverable and reusable in the agricultural setting, and 3) the quantity of irrecoverable applied water that flows to salt sinks, such as the ocean and inaccessible or degraded saline aquifers, or evaporates to the atmosphere, and is unavailable for reuse. 
Other definitions of agricultural water use efficiency include farm revenue and crop production per unit of water (PPIC 2009). Recognizing all factors associated with the management, delivery, and application of water for agricultural productivity, the concept of agricultural water use efficiency may appropriately be quantified using different measures under different circumstances.  Two primary approaches to evaluating the relationships of agricultural water use – and thus allowing evaluation of “efficiency” – are described below.
Water management approach
One approach for quantifying the efficiency of agricultural water use is to focus on the elements of a water balance (e.g. water brought onto a field, water consumed by the crop, water used to meet agronomic needs, water running out the end of a delivery system, etc.). 
[expand to include sample water balance figure, more discussion on looking at the relationships of specific elements within the water balance framework, and present the idea of geographic scales that align with the management, delivery, and application of water (field, supplier, region). 
Appropriate geographic boundaries include the field, water supplier, and regional scale. 
Field
The field scale allows an assessment of a variety of attributes associated with irrigation system(s) and management within a field, allowing an operator to evaluate the performance of an individual irrigation system for a particular crop at a particular point in time. This assessment will, among other attributes, allow an operator to measure the effectiveness of the existing irrigation system to meet the needs of the crop.
Water supplier
The water supplier scale allows an assessment of a variety of attributes associated with the operations and management of a water supplier’s delivery system – a system with the sole purpose of effectively conveying water to the field scale. . The goal of an agricultural water supplier is to use infrastructure and management (operations, pricing, etc.) to reliably deliver available water supplies to the field scale irrigation systems. Collecting data at this scale allows for an evaluation to indicate the relation between water brought into the boundaries of an agricultural water supplier and the effectiveness of the supplier to meet its primary goal.
Region
The regional scale allows an assessment of a variety of attributes associated with regional water use and management within the regional boundary. For purposes of defining a methodology at this scale, one prominent use would be the California Water Plan Update (Update). In the Update, the Department historically gathers and assesses information at a regional boundary called the Detailed Analysis Unit (DAU). DAU is the regional scale that was used to develop a methodology at this scale.
Economic or productivity approach
Economic efficiency of water use in agricultural production has several important differences from the more standard approach of relating elements of the water balance to one another.  The concept of using economics and/or productivity as an approach to evaluate the efficiency of agricultural water use, however, introduces several significant factors that do not relate to water use. If misapplied, this approach can misinform the relationship of water volumes (e.g. applied water) to the values derived from the commodity.  Examples of this approach generally attempt to relate elements such as (1) the tons of crop produced to the volume of water applied, or (2) the revenue received for a commodity compared to the volume of water applied.  
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, but rather is a set of conditions relating input use and output[footnoteRef:1]. There are economic indicators that relate to economic efficiency illustrating broad comparisons between regions or crops or over time. These indicators may be used to help guide public policy and public investment, but with an understanding of their limitations. Importantly, the use of this approach should not be used to draw firm conclusions about which crops or regions are using water in more economically efficient ways.. [1:  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.] 



Assessing Methodologies
Definition of “methodology”
As specified in Section 1.1, the Department has been directed by the Legislature to develop a methodology for quantifying the efficiency of agricultural water use. As defined by Merriam-Webster Dictionary (on-line version), the term “methodology” is defined as:
· A body of methods, rules, and postulates employed by a discipline: a particular procedure or set of procedures.
Assessment of various methodology
Using the definition of methodology in concert with considering the understanding of “efficiency,” the “methodology to quantify the efficiency of agricultural water use,” as required under Section 10608.64 of the Act, is a set of procedures that define specific indicators that allow the relational evaluation of particular data.  Each indicator, whether viewed independently or viewed together, provide an understanding of efficiency of agricultural water use at a particular defined geographic boundary.
Defining the methodology in this manner allows DWR to establish a common set of indicators and procedures that provide informative results that can be used by a farmer, water supplier, advocate or policy maker for a number of objectives including:
· Help maintain or improve the management of water for an array of defined objectives including water conservation, energy and environmental benefits, water quality protection and greenhouse gas reduction;
· Guide projects, programs, and policies at local, regional, and state scales to improve agricultural water use efficiency; 
· Provide a foundation to support other goals, including: understanding the benefits and limitations of current systems and management practices, and evaluating the benefits and limitations of changes to current systems and management practices.
As indicated in the statute, Section 10608.64 of the Act does not authorize implementation of the methodology developed by the Department.
Water management approach
As specified in Section 1.3.1, a primary approach for quantifying the efficiency of agricultural water use is through by evaluating the relationship of particular portions of the water balance framework. These relationships may include volume of water use attributed to ET, leaching, frost protection, and other agronomic and environmental beneficial use compared to the volume of applied water use. The water management focus evaluates the efficiency of water applied to a specific area, intended for irrigated agriculture and environmental objectives.
[This section will discuss general water management focused methodology and approaches for quantifying the efficiency of agricultural water use.]
Non-irrigation agricultural approach
[This section will discuss livestock and possibly other non-irrigation agricultural water use approaches for addressing the efficiency of water use.]
Economic and productivity approach
As specified in Section 1.3.2, a possible alternative method to the traditional physical measure of efficiency is through the evaluation of indicators of economic efficiency of water use in agricultural production. 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. However, 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. 
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 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 private, 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, 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[footnoteRef:2]. [2:  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).] 

Economic efficiency conditions rely on marginal responses and rates of trade-off. Generally these are not directly observable using aggregate data or even producer- scale or field- scale 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.
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. Economic or productivity 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. 


Linking Methodology to Potential Objectives and Uses
Objectives related to SBx7-7 findings and declaration
The legislation does not  define the objectives of quantification of efficiency of agricultural water use. However, understanding the potential objectives provides insight into the development of the methodology.  Drawing directly from policy statements and other language in the Act several perspectives have been identified that may have similar or divergent objectives. 
Defining Objective Perspectives
[This section will define the perspectives of different interest groups – including farmers, water purveyors, and policy makers at the field, water supplier, and regional scales – with regard to of the purpose for quantifying the efficiency of agricultural water use.]
General categories of Objectives
Specific objectives were used to guide the methodology for quantifying the efficiency of agricultural water use. In general, the overarching purpose statement used to guide the development of a methodology, implementation plan, and cost estimate for quantifying the efficiency of agricultural water use was:
[This section will include a general statement of purpose or purposes of quantifying the efficiency of agricultural water use.] 
However, within the general purpose statement are indications of objectives from different perspectives for the use of the methodology.  
Local irrigated field planning and objectives
[bookmark: _GoBack][This section will identify purposes and uses of quantifying the efficiency of agricultural water use at the field scale.]
Water supplier planning and objectives
[This section will identify purposes and uses of quantifying the efficiency of agricultural water use at the water supplier scale.]
Regional planning and objectives
[This section will identify purposes and uses of quantifying the efficiency of agricultural water use at the regional scale.]
Economic planning and objectives
[This section will identify purposes and uses of quantifying the efficiency of agricultural water use from an economic or productivity standpoint.]

Methodology for Quantifying the Efficiency of Agricultural Water Use
Introduction to methodology and individual methods and indicators
[the section will introduce the indicators]
Specific methods and indicators at identified geographic scales
[reintroduce the geographic boundaries; provide further context for the indicators and establish the organization for this subsection]
Field scale
For the field scale, the methodology for quantifying the efficiency of agricultural water use includes the collection of necessary information to calculate several interrelated indicators. Collectively, these indicators provide valuable information to the local user and associated agricultural water suppliers. To the extent any indicators are reported in any manner beyond the field or supplier scale, they may also provide insight and understanding to regional, state and federal policy makers. 
But more importantly, these indicators cannot be viewed independently from one another. Each indicator gives a unique understanding of the performance of an irrigation system and management approach, but does not provide the entire picture when the multitude of irrigation system operations and management considerations are taken into account.
[This section will present and discuss field scale indicators identified by equations, equation term definitions , and example calculations.]
Water supplier scale
 [This section will discuss water supplier scale indicators identified by equations, equation term definitions , and example calculations.]
Regional scale
 [This section will discuss regional scale indicators identified by equations, equation term definitions , and example calculations.]
Economic and productivity approach
 [This section will discuss economic and productivity indicators identified by equations, equation term definitions , and example calculations.]
Data confidence
[bookmark: _Toc293666111][This section will discuss the availability, quality, practicality and limitations of the individual terms that comprise the equations representing the indicators at each scale, including the economic and productivity indicators.]

1 Applicability [entire section may be a sidebar]
1.1 Case examples using methodology
[This section will discuss case examples demonstrating how methodology can be used to answer different agricultural water use efficiency questions – possible side-bar discussion]
1.1.1 Preparing the California Water Plan
[This section will discuss the use of methods that quantify agricultural water use efficiency in the Department’s Water Plan Update]
1.1.2 Improving water supplier operations
[This section will discuss the use of methods that quantify agricultural water use efficiency in individual water supplier operations]
Managing for IRWMP objectives (e.g. conjunctive use and regional self-sufficiency)
[This section will discuss the use of methods that quantify agricultural water use efficiency in IRWMP objectives]
1.1.3 [bookmark: _Toc293666116]Meeting specific quantifiable objectives and targeted benefits
[This section will discuss the use of methods that quantify agricultural water use efficiency in meeting specific quantifiable objectives and targeted benefits]
1.1.4 Increasing on-farm productivity
[This section will discuss the use of methods that quantify agricultural water use efficiency in increasing on-farm productivity]


2 Plan for Implementation
2.1 Implementation requirements
[This section will discuss the fact that at this time there are no requirements for implementing methodologies]
2.2 Plan alternatives
[This section will discuss implementation plan alternatives. This could include voluntary, incentive-driven, and required Implementation alternatives. Each alternative will be evaluated in relation to appropriate scale.]
2.3 Data to support the methodology
2.3.1 Collection of data
[This section will discuss the collection of data from the perspective of the “data owner”. For example, a farmer has the best field scale data while an agricultural water supplier would have the best water supplier data within its boundary.]
Existing data collection
[This section will discuss the collection and compilation of data from existing sources. This may include public or private data that has historically been collected and is readily available to the “data owner” or other parties.]
New planned data collection
[This section will discuss data collection and compilation of data that is scheduled to be collected as a results of other statutes and local, regional, or state directives.]
New data collection
[This section will discuss data collection and compilation of data that has not been nor is scheduled to be collected in the near future.]
Collection responsibility
[This section will discuss the variation in data collection and compilation efforts depending on the entity collecting the data.]
2.3.2 Data confidence
[This section will discuss the variation in data confidence depending on collection methods.]
2.3.3 Opportunities and suggested actions
[This section will discuss the opportunities for data collection across “data owners”, possible actions to generate new data, and suggested implementation plans for data collection.]
Estimated implementation costs
[This section will discuss the cost of each methodology based on the proposed plan(s) of implementation. It will be made clear that costs will vary by implementation methodology and who will be collecting the data.]
2.3.4 Field-scale
[This section will discuss the cost of implementation of different methods based on data collection at the field scale, specific to who is collecting the data.]
2.3.5 Water supplier scale
[This section will discuss the cost of implementation of different methods based on data collection at the water supplier scale, specific to who is collecting the data.]
2.3.6 Regional scale
[This section will discuss the cost of implementation of different methods based on data collection at the regional scale, specific to who is collecting the data.] 
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