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[bookmark: _Toc312218644]Parameter Descriptions and Calculations	Comment by Bryan Thoreson: The process of determining ETaw deserves an expanded description that encompasses definitions of ETc, ETa, Kc, Ks, root zone models, etc.  This discussion is limited to the DWR/UC Davis collaborative models and data sets.
Crop Evapotranspiration (ETc) -  is a loss of water to the atmosphere by the combined processes of evaporation from crop and soil surfaces and transpiration from crops.  It is the amount of water that the crop needs for optimal growth and to produce yield.  In quantifying the efficiency of agricultural water use at all spatial scales, the implementing entity can either measure ETc or estimate it using theoretical and/or empirical equations.  Measurement methods use complex equipment such as Eddy Covariance, Bowen Ratio, and lysimeters, which are very complex and therefore costly.  The most commonly used approach for estimating ETc is to use reference evapotranspiration (ETo) and crop coefficients (Kc).	Comment by Byron Clark: For purposes of quantifying Ag WUE, the emphasis should be on quantifying actual ET which may be appreciably less than (or, in some cases, slightly greater than) crop ET “for optimal growth,” depending on the definition of “optimal.”  The cited methods such as Eddy covariance, Bowen Ratio, and lysimeters measure actual ET, but due to representing limited, small areas may or may not be representative of the area evaluated.


 ETo is evapotranspiration from standardized grass surfaces and is calculated using theoretical and empirical equations that utilize weather parameters measured on such surfaces.  To convert ETo into ETC, one needs to use a crop factor commonly known as a crop coefficient.  Kc is developed for various crops through research.  An important source of ETo and Kc data for California is the California Irrigation Management Information System (CIMIS).  CIMIS is a network of over 140 automated weather stations scattered throughout California that provide ETo and weather data to the public free of charge (http://wwwcimis.water.ca.gov/cimis/welcome.jsp).  CIMIS also provides spatially distributed values of ETo at 2-km grids by coupling remotely sensed satellite data with point measurements.  
Remote Sensing of ET – recent developments in remote sensing have enabled researchers to estimate both ETo and ETc and derive spatially distributed values at various resolutions.  In other words, remotely sensed data is used to generate ETo and/or ETc maps.  Some of the remote sensing methods use energy balance approach and calculate ET as a residual.  Others couple remotely sensed parameters with numerical models or point measurements to generate ET information.  It is recommended that any remote sensing method selected for implementation of agricultural water use efficiency be verified for accuracy in an environment where it is to be utilized.  	Comment by Bryan Thoreson: This should be actual ET or ETa.  Replace ETc with ETa throughout this section.	Comment by Byron Clark: The accuracy of energy balance methods has been widely verified, including in California, although the results are sensitive to expert judgment, particularly in the estimation of the sensible heat component of the energy balance.
Evapotranspiration of Applied Water (ETAW) – is crop evapotranspiration minus the amount of water supplied to the crop by precipitation.  Since some part of the precipitation is lost as runoff, deep percolation, and evaporation, only a fraction of the total precipitation is available to satisfy crop water needs.  The fraction of precipitation water that is available for crops to use is known as effective precipitation (Pe).   Pe depends on many factors including the slope of the land, soil type, rainfall characteristics, weather conditions, plant type, etc.   


There are many methods available for estimating Pe from total precipitation.  California’s Model Water Efficient Landscape Ordinance, for example, recommends the use of 25% of the total annual precipitation to be effective.  This is an average value for the state and actual values may vary depending on many factors.  It is highly recommended that a method that has shown proven accuracy for estimating Pe for the area of interest must be used.  In other words, an entity that implements the methodology should be able to verify the accuracy of the Pe equation used.	Comment by Grant Davids: Verification of Pe is very difficult and subject to professional judgment regarding the priority with which infiltrated precipitation and irrigation water is stored in the root zone and the priority with which it drains from the root zone.  Practically speaking, irrigators are not able to precisely control the timing and application depth of individual irrigation events while sustaining “optimal” crop production in many circumstances. Consequently there is no method with “proven accuracy” available for use. 
Leaching Requirement (LR)- some amount of the total applied water is used to flush excess salt that is present in the soil out of the root zone to make an optimum condition for crop production.  Different crop types and different varieties of the same crop can have different tolerances to salinity.  The minimum amount of water required to remove salts from the root zone area or to prevent salinity stress is estimated using the ratio of the electrical conductivities of irrigation water (applied water) and drainage water.  	Comment by Byron Clark: Or accumulates through the process of crop evapotranspiration


where ECiw is the electrical conductivity of irrigation water (dS/m) and ECdw is the electrical conductivity of drainage water (dS/m).   Any amount of water in excess of the leaching requirement that goes to deep percolation is non-beneficial and reduces water use efficiency at that scale.  It should be noted, however, that due to uncertainties in quantifying leaching requirements and due to low distribution uniformities of applications, some amount of water in excess of leaching requirement may be considered as reasonable.	Comment by Byron Clark: Note that in some cases, it may be desirable to maintain a leaching fraction greater than required for the current crop in order to provide suitable soil salinity conditions for a following crop.
Climate Control - depending on temperature, humidity, wind speed and other factors, some portions of agricultural water may be used for cooling of crops and frost protection.  The amount of water used for cooling and frost protection depends on crop type and weather parameters such as humidity and temperature.  Application of water for climate control should start when temperature reaches critical points for each crop and continue until the temperature becomes more favorable.  Weather stations networks such as CIMIS can provide the temperature and humidity data that needs to be tracked to determine when to turn the sprinklers on and off.  An entity that implements the water use efficiency methodology developed in this report should establish the threshold temperatures at which the climate controls are turned on and off for different crops in different regions.  Although a significant amount of water used for climate control may evaporate, the rest will infiltrate into the soil and become available for crops to consume.  	Comment by Byron Clark: And the application rate of the irrigation system.  	Comment by Byron Clark: Water applied for climate control may not be available to crops if it deep percolates or runs off as tailwater, although it may be necessary to run the irrigation system to provide adequate frost protection or cooling.
Environmental needs - the portion of applied water directed to environmental purposes within a defined scale, that is not meeting ETAW of the irrigated commodity, including such uses as; water to produce and/or maintain wetland, riparian or terrestrial habitat, where the quantity of water consumed or used for intended objectives is based on accepted professional practices. Applied water associated with a mandated environmental objective but ultimately used for ETAW or agronomic needs in the production of any agricultural commodity would not be characterized as applied water for an environmental need. 
Applied Water (AW) Applied water is the total amount of water that is diverted from any source to meet the demands of water user(s) without adjusting for water that is used up, returned to the developed supply and irrecoverable flows (unproductive evaporation or percolation to salt sinks). At the field, AW would consist of water deliveries to the field ( water pumped or diverted). AW at the field scale is calculated from supplier’s measured deliveries (adjustments are needed if the entire delivery is not applied to the field) and groundwater pumping. Alternatively, AW at the field may be measured with a water measurement device. AW at the water supplier is the total water supplies delivered to the supplier.	Comment by Byron Clark: In some settings, it is desirable to account for the contributions of shallow groundwater to consumptive use.  Although not “applied water” per se, the consumptive use of this water is typically accounted for as part of ETAW rather than ET of precipitation.  

Additionally, it seems that water supplies delivered to the supplier for groundwater recharge and possibly other uses, if any, other than AN and EN should be deducted to determine AW.  Although active recharge is accounted for as part of WMF (through accounting for RF), it seems misleading not to account for it as part of CCUF.
Recoverable Flows (RF) Recoverable flows consist of the amount of water leaving a given area as surface flows to non-saline bodies or percolation to usable groundwater and is available for supply or reuse. RF is calculated from surface return flows using gauge data and estimates of deep percolation using information on applied water quality and leaching requirements; while excluding evaporation losses and flows to salt sinks.
Total Water Supply (TWS) Total water supply consists of the total surface and groundwater that is delivered or diverted into a supplier’s service area or region. TWS is calculated from diversion records and the quantity of supplier and privately pumped groundwater (measured or estimated from the change in groundwater elevations). Deliveries to non-irrigation agriculture and M&I are excluded.

Distribution Uniformity (DU) Distribution uniformity is a measure of how uniformly water is applied to the area being irrigated, commonly expressed as the ratio of the average depth infiltrated in the 1/4 of the field with the lowest infiltrated depths by the average infiltrated depth in the whole field. DU evaluation is based on a statistical sampling.  Field samples are taken and DU is calculated from those samples. DU is quantified by mobile labs during field evaluation.




[bookmark: _Toc312218645]Models and Data Sources
CIMIS:  An important source of ETo and Kc data for California is the California Irrigation Management Information System (CIMIS).  CIMIS is a network of over 140 automated weather stations scattered throughout California that provide ETo and weather data to the public free of charge (http://wwwcimis.water.ca.gov/cimis/welcome.jsp).  CIMIS also provides spatially distributed values of ETo at 2-km grids by coupling remotely sensed satellite data with point measurements.  	Comment by Byron Clark: It is not clear how CIMIS provides information describing Kc, unless there is a tacit reference to Kc values provided through the BISe or other models developed in cooperation with the UC.
CIMIS/Remote Sensing of ET – recent developments in remote sensing have enabled researchers to estimate both ETo and ETc and derive spatially distributed values at various resolutions.  In other words, remotely sensed data is used to generate ETo and/or ETc maps.  Some of the remote sensing methods use energy balance approach and calculate ET as a residual.  Others couple remotely sensed parameters with numerical models or point measurements to generate ET information.  It is recommended that any remote sensing method selected for implementation of agricultural water use efficiency be verified for accuracy in an environment where it is to be utilized.  	Comment by Bryan Thoreson: See comment at beginning of this section.	Comment by Byron Clark: It seems there should be a distinction between ETc – estimated crop ET based on the “potential”  or “optimum” crop coefficient and ETa – actual ET under growing conditions which may be less than or greater than ETc depending on the crop and scale of analysis.	Comment by Byron Clark: See previous comment regarding verification.
CALSIMETAW:  The CALSIMETAW computer model estimates crop evapotranspiration (ETc) and evapotranspiration of applied water (ETaw) for use in California Water Plan Update. The model accounts for soils, crop coefficients, rooting depths, seepage, etc. that influence crop water balance. It provides spatial soil and climate information and it uses historical crop category information to provide seasonal water balance estimates by combinations of county and detailed analysis units (DAU/County).  The seasonal water balance is used to estimate the ETaw by crop and crop category for each DAU/County combination over the State.  The model uses near real-time ETo information from Spatial-CIMIS, which is a model that combines CIMIS weather station data and remote sensing to provide a grid of Reference evapotranspiration (ETo) information. In addition to using daily Spatial-CIMIS data, CALSIMETAW can use daily PRISM (USDA-NRCS) data or a weather generator to estimate daily maximum and minimum air temperatures and rainfall from monthly means. ETo is estimated from a calibrated Hargreaves-Samani equation that accounts for spatial climate differences. The model uses SSURGO soil data (SSURGO, 2011).  Up to Twenty four land-use categories are used to determine weighted crop coefficients to estimate ETc using the single crop coefficient approach. A daily water balance is computed using input soil and crop information and ETc.  The model determines effective rainfall and ETaw which is an estimate of the seasonal irrigation requirement assuming 100% application efficiency	Comment by Byron Clark: Based on available information describing the Spatial CIMIS ETo data, it is not estimated based on the Hargreaves-Samani equation, but rather the ASCE-PM equation.
SIMETAW:  The Simulation of Evapotranspiration of Applied Water (SIMETAW) simulates many years of daily weather data from monthly climate data and estimates ETo and ETc with the simulated data or with observed data. In addition, daily rainfall, soil water holding characteristics, effective rooting depths, and ETc are used to determine effective rainfall and to generate hypothetical irrigation schedules to estimate the seasonal and annual ETaw , where ETaw is an estimate of the crop evapotranspiration minus any water supplied by effective rainfall. SIMETAW is a user-friendly program that (1) calculates reference evapotranspiration (ETo) from simulated or observed weather data, (2) determines crop coefficient (Kc) values for a wide range of irrigated crops, (3) accounts for factors affecting the Kc values, (4) calculates crop evapotranspiration (ETc), (5) computes a hypothetical irrigation schedule for each of the simulated years of data, (6) estimates the effective rainfall and the irrigation water requirement (ETaw), and (7) calculates the mean ETaw over a specified number of years. When ETaw is divided by the application efficiency, the result is a site-specific total irrigation requirement. 	Comment by Byron Clark: estimate	Comment by Byron Clark: suggest elaborating on which factors are considered.
CUP Plus:  A user-friendly Microsoft Excel application program “Consumptive Use Program +” or “CUP+” estimates daily soil water balance to determine ETc and ETaw for agricultural crops and other surfaces that account for ET losses, water contributions from seepage of groundwater, rainfall, and irrigation within a study area over the period of record. The application computes ETo from daily solar radiation, maximum and minimum temperature, dew point temperature, and wind speed using the daily Penman-Monteith equation. In addition, the program uses a curve fitting technique to derive one year of daily weather data from the monthly data and to estimate daily ETo. CUP+ accounts for the influence of orchard cover crops on Kc values and it accounts for immaturity effects on Kc values for tree and vine crops. The water balance model is similar to that used in the SIMETAW application program. The application outputs a wide range of tables and charts that are useful for irrigation planning. 	Comment by Byron Clark: estimate

AG Model:  The Agricultural Water Use Model was developed by the DWR’s Northern Region to use monthly pan evaporation and pan coefficient data to estimate monthly ETc and ETaw for 20 crop categories by DAU/County. Currently, Northern Region and South Central Region Offices are using the Ag Model to develop their annual agricultural water use data for 20 crop categories for the CWPU 2013.	Comment by Bryan Thoreson: Why is pan evaporation data still in use given the availability and standardization of CIMIS data?	Comment by Byron Clark: Suggest providing additional description of how ETc is determined.  Are crop coefficients estimated?  If so, what is the source?
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