Evaluating the Efficiency of Agricultural Water Use 
On Irrigated Fields
(Indicators 1, 2, and 3)
						
Evaluation Purposes:
1. Determine the relationship between the amount of water applied to the field and that being consumed by the crop
2. Assess the additional quantity of water believed necessary to effectively produce the desired crop
3. Quantify opportunities to reduce agronomic water needs through alternative, non-water agronomic practices (e.g. for frost control or cultural practices) or improved water quality (e.g. to reduce leaching requirements), including the cost of alternative, non-water agronomic practices.
4. To what degree do intended environmental needs drive the quantity of applied water?
5. Assess the tradeoffs of reducing applied water that is associated with non-crop beneficial uses.
6. Assess opportunities to reduce applied water while still enabling crop productivity and intended environmental benefits.
7. Assess the affect of water management methods by comparing fractions among fields growing similar crops under similar conditions (e.g. same soils, water quality, and supply reliability).
8. Assess how the relationship to total applied water and that necessary for the purpose of meeting crop ET and agronomic needs could be improved.


Useful Indicators:  
· Indicator 1. CUF = Crop Consumptive Use Fraction
ETAW/AWnet
· Indicator 2. BUFA = Agronomic Beneficial Use Faction
(ETAW + Agronomic needs)/AWnet
· Indicator 3. BUFT= Total Beneficial Use Fraction 
(ETAW + Agronomic needs + Intended environmental needs)/AWnet
Where:
ETAW = Total evapotranspiration (ET) of the crop (or crops, if intercropping or cover crops are involved) minus estimated quantity of effective precipitation for the time scale being evaluated, where crop ET and effective precipitation are determined using accepted professional practices.
Agronomic needs = the additional portion of AW directed to help produce the desired agricultural commodity that is not ETAW, where the quantity is determined using accepted professional practices.  Agronomic needs include elements such as; water applied for salinity management, pre-irrigation, frost control, decomposition, and other water applications to the extent that such applications do not exceed what is needed to meet accepted professional practices and are IN ADDITION to the water meeting ETAW (e.g. portions of water applied for some agronomic purposes also meet ETAW and would be duplicative in the value included in the numerator).  
Environmental needs = the additional portion of AW directed to intentional environmental purposes within the field boundary 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.
AWnet = the total water applied onto the field to grow the crop or meet other agronomic or intentional environmental objectives.  Quantified as the total of both surface water sources (direct diversion onto the field or as provided by a water supplier to the field) and groundwater pumped and applied separately from surface sources, minus the change in storage of irrigation water on the field (which may include soil moisture or surface storage ponds), and minus the net quantity of water used for non-crop agricultural production such as livestock use (e.g. water consumed/evaporated to support the production of animal units).	

Example:
	Farming 125 acres of processing tomatoes; planted from seed in raised beds.

	Data Element
	Calculation
	Result

	ETAW
	Method 1 – ETo X Kc using CIMIS and available crop coefficients.  This method assumes uniformity.  Need to subtract “effective precipitation”

Method 2 – field-specific analysis using remote sensing technics that account for non-uniformity in a field due to varied soil, applied water or other conditions that change the growth of the plant compared to other areas of the field (and thus may have less ET occurring).
	Method 1 = 2 af/ac
                    = 250 af

Method 2 = 235 af (recognized that the field had areas where the plant was underperforming, resulting in less ETAW than “ideal”

	Agronomic
	Water quality is good, so minimal leaching is assumed, leaching requirement is assumed based on “best practices” to be 5% of ETc.  Seed bed needs wetting to allow plant to break soil crust, adding another 2-inches or about 17 af;  
	LR = 12 af
Seed bed = 17 af
Total = 29 af (of this amount, 10 af of the seed bed water also doubles as water for ETAW, which results in a net agronomic quantity of 19 af)

	Environmental
	Small wetland and garter snake habitat maintained on field edges; plants assumed to use water like a grass hay such as Sudan; approximately 5 acres of habitat
	Habitat = 20 af

	Applied Water
	Value provided by water supplier in monthly measured billings
	373 af

	Equations:	

	CUF
	= 250/373
	= 67%

	BUFA
	= (250+19)/373
	= 72%

	BUFT
	= (250+19+20)/373
	= 77% 




Evaluating Agricultural Water Use 
within a Water Supplier Boundary
(Indicators 7, 8, and 9)


Evaluation Purposes:
1. Assess the relationship of the total quantity diverted into a Water Supplier’s boundary, including that pumped by the Water Supplier and any privately pumped, to the quantity actually consumed by the crops being grown.
2. Assess the total quantity diverted into the boundary to the needs of both crop and non-crop beneficial uses.
3. Assess opportunities to reduce the total quantity diverted into the Water Supplier’s boundary while still enabling crop productivity and intended environmental benefits by investigating the portion of water diverted that is not directly meeting crop and non-crop beneficial uses.

Possible Equation:  
· Indicator 7. Supplier Consumptive Use Fraction
SCUF = Total ETAW/TAWnet
· Indicator 8. Supplier Agronomic Beneficial Use Fraction
SBUFA= (Total ETAW + Total Agronomic Needs)/TAWnet
· Indicator 9. SBUFT = (Total ETAW + Total Agronomic Needs + Total Intended Environmental Needs)/TAWnet

Where:
Total ETAW = Total evapotranspiration (ET) of all the crops produced within the Water Supplier boundaries during the time period being measured, minus the quantity of precipitation that effectively meets a portion of the crops’ ET.
Total Agronomic needs = the total additional water needed by customers within the Water Supplier boundary to effectively produce desired crops.  This value will likely be a generalized value for each crop type grown, since the management of each individual field may be unique.
Total Environmental needs = the additional portion of applied water directed to intentional environmental purposes within the field boundary, as well as along delivery canals, managed wetlands, or other intentional or mandated use of water for a non-crop beneficial purpose.
Total AWnet = the total water diverted into the Water Supplier’s boundary, including surface and groundwater, for irrigation purposes.  Quantified as the total of both surface water sources (direct diversion of water under rights or contracts) and groundwater pumped and applied separately from surface sources, minus the change in storage of irrigation water on the field (which may include soil moisture or surface storage ponds), the change in surface storage within the Water Supplier’s deliver system (e.g. regulating reservoirs), or the change in groundwater storage in an actively managed groundwater basin. Groundwater also includes the quantity pumped by other than the water supplier (e.g. private). Water diverted for non-irrigation purposes (e.g. domestic or municipal use) must be subtracted from total.  Also, the net water diverted to production of livestock should be subtracted, where appropriate, from the total diverted water quantity to achieve the "net" total (e.g. water consumed/evaporated to produce animal and/or animal products).	

Example:
Supplier serves 45,000 acres of a mix of permanent and row crops with surface water.  The supplier does not operate groundwater wells.  Private wells are used in some instances to supplement available surface water.  Supplier maintains one side of all delivery canals for habitat benefit.  Supplier is required to maintain certain flows in long-standing drains to maintain beneficial riparian habitat. No water is provided for livestock production or to M&I users.

	Element
	Calculation
	Result

	Total ETAW
	Method 1 – using ETo and Kc data for general crop types, multiple all the crop acreages by the ETAW and derive a total ETAW

Method 2 – use processed satellite data to obtain total crop water use
	Method 1 = 126,000 af



Method 2 = 134,300af

	Total Agronomic
	Each crop type has an assumed agronomic need, based on prior analysis and field investigations.  Approximated at 7% of crop-specific ETAW per acre of crop (stakeholder personal communication).
	Approx = 9,000 af

	Total Environmental
	Small wetland and garter snake habitat maintained on field edges; plants assumed to use water like a grass hay such as Sudan (4 af/ac); approximately 50 acres of habitat; 

Required to maintain 6 cfs flows down drain from June 1 through October 30 for habitat (approx. 12 af/day)
	Canal habitat = 200af




Drain flows = 1,800 af

	Total Applied Water
	The total quantity diverted by the supplier is derived from records maintained for filing to the SWRCB.  The quantity of privately pumped groundwater is estimated from the change in groundwater elevation between spring and fall readings in several monitoring wells within the suppliers boundary combined with hydrogeological data from prior studies relating elevation change to volumes.
	Supplier diversions = 156,420 af

Estimated GW pumped = 4,500 af

Total Applied = 160,920

	Equations:	

	SCUF
	= 126,000/160,920
	= 78%

	SBUFA
	= (126,000+9,000)/160,920
	= 84%

	SBUFT
	= (126,000+9,000+2,000)/160,920
	= 85%
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Evaluating the Efficiency of Supplier Delivery Systems
(Indicator 11)
						
Evaluation Purposes:
Determine the relationship between the amount of water diverted or delivered to supplier tothat being delivered to the fields for crop production.
Allow for assessing opportunities to evaluate affects of changes in water delivery facilities and operations.

Useful Indicators:  
· Indicator 11. SDF = Supplier Delivery Fraction
= Aggregated farm-gate deliveries/Supplier Total Diverted Water

Where:
Aggregated Farm Gate Delivery = the sum of water delivered to each customer for a defined period of time.  Generally, this value should be readily available as part of a Water Supplier’s reporting under California Water Code §531.10.
Supplier Total Diverted Water= the total water supplies diverted by the water supplier into the supplier's boundary, minus any of the diverted water supplied for municipal, CII or other non-agricultural purposes.  Sources will include both surface water diverted under a water right or contract and groundwater pumped by supplier-owned wells and distributed to farm gates.  The value will need to account for changes in storage within the Water Supplier’s delivery system (e.g. in regulating reservoirs) or in groundwater levels for actively managed aquifers.  This value does NOT include privately pumped water, since this source should not be reflected in the “aggregated farm gate delivery” values.  This value will include water that ultimately leaves the Water Supplier’s boundary as recoverable flow and may also include water diverted to meet intended environmental and non-crop beneficial uses (e.g. habitat).
Example:
Supplier serves approximately 3,400 customers at unique farm gates.  Each gate is equipped with an approved “meter-gate” measuring device meeting the accuracy requirements set forth by DWR.  The supplier does not operate groundwater wells. No water is provided to M&I users.  The supplier does recapture some of the surface runoff from customers, co-mingling this water with directly diverted water from the surface source and providing it to other customers.  Supplier also operates regulating reservoirs and spill recapture systems to optimize delivery.  Supplier has earthen canals, one side of which is maintained for habitat and to improve access during wet months (e.g. “grassy” canal roadways).

	Element
	Calculation
	Result

	Aggregated Farm Gate Delivery

	Using data collected for each customer farm gate for the time period selected (e.g. calendar year), the sum of total water passing through the farm gates is calculated. 


	Farm gate deliveries for 3,400 customers = 645,320 af for a year

	Supplier Total Diverted Water
	The total quantity diverted by the supplier is derived from records maintained for filing to the SWRCB or to the CVP or SWP (if under contract).  
	Supplier diversions = 656,490 af



	Equations:	

	SDF
	= 645,320/656,490
	= 98%





Evaluating the Efficiency of Agricultural Water Use 
on a Regional Scale
(Indicators 12, 13, and 15)
						
Evaluation Purposes:
1. Evaluate the total quantity of water diverted into a defined regional boundary to that being consumed by the crops grown within the region to assess the relationships between total diversions and total crop water demands.  With that addition of agronomic demands and non-crop beneficial uses (e.g. environmental objectives) met with diverted water, the relationships can further be evaluated and understood.
Assess opportunities to modify current water management systems and operations 

Useful Indicators:  
· Indicator 12. RCUF = Regional Consumptive Use Fraction
RCUF = Total ETAW/Total AWnet
· Indicator 13. RWMF = Regional Water Management Faction
RWMF = (Total ETAW + Recoverable Flows)/Total AWnet
· Indicator 15. RBUFT = Regional Total Beneficial Use Fraction 
RBUFT = (Total ETAW + Total agronomic needs + Total intended environmental  
                  needs)/Total AWnet
Where:
Total ETAW = Total evapotranspiration (ET) of all the crops produced within the defined regional boundaries during the time period being measured, minus the quantity of precipitation that effectively meets a portion of the crops’ ET.
Total Agronomic needs = the total additional water needed to effectively produce the crops within the defined regional boundary.   This value will likely be a generalized value for each crop type grown, since the management of each individual field may be unique and may vary due to micro-climates within a defined region.
Total Environmental needs = the additional portion of applied water directed to intentional environmental purposes within the field boundary, as well as along delivery canals, managed wetlands, or other intentional or mandated use of water for a non-crop beneficial purpose within the defined regional boundary.  This may also include water directed to managed refuges that are not served by an identified water supplier (e.g. state and national wildlife refuges).
Recoverable Flows = the estimated or measured quantity of water leaving the defined regional boundary as either surface flows or percolation to underlying aquifers.  In the instances where the groundwater is actively managed, the recoverable flows would be that portion of groundwater that laterally flows into aquifers outside of the defined regional boundary and/or accretions to rivers.
Total AWnet = the total water diverted into the defined regional boundary, including surface and groundwater, for irrigation purposes.  Quantified as the total of both surface water sources (direct diversion of water under rights or contracts) and groundwater pumped and applied separately from surface sources by both identified Water Suppliers and private pumpers, minus the change in groundwater storage in an actively managed groundwater basin.  Water diverted for non-irrigation purposes (e.g. domestic or municipal use) must be subtracted from total.  Also, the net water diverted to production of livestock should be subtracted, where appropriate, from the total diverted water quantity to achieve the "net" total (e.g. water consumed/evaporated to produce animal and/or animal products).	

Example:
This region of the Sacramento Valley represents a mixture of permanent, row, and rice crops over 200,000 acres, and is primarily served with surface water from the Sacramento River diverted under several contracts and water rights.  Groundwater is pumped for about 15% of the lands as a sole source and for about 20% as a back-up to surface supplies.  The region also is home to a federal managed refuge.  The aquifer is not actively managed, so the regional changes in storage would only include water stored in surface reservoirs within the regional boundary.  However, the region does not have reservoirs within the boundaries. 

	Data Element
	Calculation
	Result

	Total ETAW
	Method 1 – using ETo and Kc data for general crop types, multiple all the crop acreages by the ETAW and derive a total ETAW

Method 2 – use processed satellite data to obtain total crop water use
	Method 1 = 825,000 af



Method 2 = 817,300af

	Total Agronomic
	Each crop type has an assumed agronomic need, based on prior analysis and field investigations.  Approximated at 7% of crop-specific ETAW per acre of crop. 
	Approx = 62,000 af

	Total Environmental
	Small wetland and garter snake habitat maintained on field edges; plants assumed to use water like a grass hay such as Sudan (4 af/ac); approximately 1500 acres of habitat; 

5,000 acre federal refuges at 4.5 af/ac;

About 30,000 acres of rice are also flooded in the fall to support migratory waterfowl (since a portion of this is considered “agronomic” to break down the rice stubble, the additional “environmental water” is estimated at 3-inches per acre 

Required to maintain 6 cfs flows down drain from June 1 through October 30 for habitat (approx. 12 af/day)
	Canal habitat = 6,000 af

Refuge = 22,500


Rice flood up = 7,500


Drain flows = 1,800 af



	Recoverable Flows
	This value is estimated using several different sources of data and calculations.
First, data is obtained from gauges on major drains, which represented approx. 90% of the surface return flows.
Second, using information on delivery water quality and estimates of the portion of agronomic water used to leach salts, an estimate of deep percolation associated with beneficial agronomic uses is derived.
Third, using the results of the RBUFT equation, the remaining portion of the of total applied water that is not crop ET, agronomic water or intended environmental water is identified.  Of this, an estimate is made as to how much of this water evaporates or is used by non-crop plants that are not part of intentional environmental objectives.  The portion remaining is considered returning as additional deep percolation to that from intentional leaching.

	Drain data = 14,560 af

Estimated deep percolation from leaching = 33,330 (2 inches per acre)


Estimated additional deep percolation (not from leaching) = 
Step 1 = 986,990-924,800 = 62,190
Step 2 = assume 20% of this evaporates from delivery system and/or is ET of incidental plants within regional boundary.
Step 3 = 80% (62,190)
             = 49,752

Total estimated recoverable flows = 14,560 + 33,330 + 49,752
= 97,642af

	Total Applied Water
	The total quantity diverted by the suppliers and water right holders in the region is derived from records maintained for filing to the SWRCB.  The quantity of privately pumped groundwater is estimated from the change in groundwater elevation between spring and fall readings in several monitoring wells within the regional boundary combined with hydrogeological data from prior studies relating elevation change to volumes.
	Supplier diversions = 676,890 af

Private diversion = 245,600

Refuge diversions = 30,000

Estimated GW pumped = 34,500 af

Total Applied = 986,990

	Equations:	

	RCUF
	= 825,000/986,990
	= 84%

	RWMF
	= [825,000 + 97,642]/986,990
	[bookmark: _GoBack]= 93%

	RBUFT
	= 924,800/986,990
	= 94% 






Water Supplier
Average Production per AF
(Indicator 16)
						
Evaluation Purposes:
1. Evaluate crop production (in weight or value) the supplier gets per AF applied to the field. 
2. Evaluate how production per AF changed over time. 

It should be noted that the indicator below is not strictly a measure of the efficiency of water use. Other factors such as soil conditions, differences in varieties, and management for crop quality rather than yield are more important in explaining differences in the value of the indicator than is water management.

Indicator 16:  PAWcrop = (Weight of crop production)/FieldAWcrop
Where:
Weight of crop production = Total production of each crop during the time frame, usually one or more production seasons, measured in tons or hundredweight.

FieldAWcrop= the total water applied to fields within the supplier boundary that grow a particular crop. Includes surface and groundwater (including from private wells), minus the change in soil moisture storage over the time frame.


Example:
	All acres of processing tomatoes within supplier boundary.
	Data Element
	Calculation
	Result

	Weight of crop production
	Method 1 – use County Ag Commissioner reports and USDA NASS data, area-weighted for overlying counties
Method 2 – survey of growers, local processers
	Method 1 = 44.5 tons/acre x 73,000 acres  = 3.25 million tons

Method 2 = 46.2 tons/acre x 78,200 acres  = 3.61 million tons

	FieldAWcrop
	Supplier delivery provided by water supplier in monthly measured billings – must be crop-specific information
Groundwater pumping:
Method 1 – estimated (extremely difficult, unreliable on a crop-specific basis)
Method 2 – provided by grower or meter records
	Method 1 = 135,050 af

Method 2 = 148,580 af

	PAWcrop
	Calculate range for both methods of estimating production and applied water
	Low: 3.25 MT/148,560 af 
          = 21.86 tons/af

High: 3.61 MT/135,050 af 
          = 26.75 tons/af








Water Supplier
Average Value of Production per AF – Single Crop
(Indicator 17)
						
Evaluation Purposes:
1. Evaluate the value of crop production (in $) the supplier gets per AF applied to the field. 
2. Evaluate how value of production per AF changed over time. 

It should be noted that the indicator below is not strictly a measure of the efficiency of water use. Crop prices can vary substantially from year to year and across regions. Other factors such as soil conditions, differences in varieties, and management for crop quality rather than yield are more important in explaining differences in the value of the indicator than is water management.

Indicator 17:  VPAWcrop = (Value of crop production)/FieldAWcrop
Where:
Value of crop production = Value of production of each crop during the time frame, usually one or more production seasons. Value is the weight of production times the value per unit of weight received by the grower.

FieldAWcrop= the total water applied to fields within the supplier boundary that grow a particular crop. Includes surface and groundwater (including from private wells), minus the change in soil moisture storage over the time frame.
	
Example:
All acres of processing tomatoes within supplier boundary. 
	Element
	Calculation
	Result

	Value of crop production
	Method 1 – Use Ag Commissioner reports and USDA NASS data, area-weighted for overlying counties
Method 2 – survey of growers, local processers
	Method 1 = $56.70 $/ton x 44.5 tons/acre x 73,000 acres  = $184.2 million

Method 2 = $58.20 $/ton x 46.2 tons/acre x 78,200 acres  = $210.3 million

	FieldAWcrop
	Supplier delivery provided by water supplier in monthly measured billings – must be crop-specific information
Groundwater pumping:
Method 1 – estimated (extremely difficult, unreliable on a crop-specific basis)
Method 2 – provided by grower or meter records
	Method 1 = 135,050 af

Method 2 = 148,580 af

	VPAWcrop
	Calculate range for both methods of estimating value of production and applied water
	Low: $184.2 million/148,560 af 
          = $1,240/af

High: $210.3/135,050 af 
          = $1,557/af





Water Supplier
Average Value of Production per AF – All Crops
						
Evaluation Purposes:
1. Evaluate the value of crop production (in $) the supplier gets per AF applied to the field. 
2. Evaluate how value of production per AF changed over time. 

It should be noted that the indicator below is not strictly a measure of the efficiency of water use. Crop prices can vary substantially from year to year and across regions. Other factors such as soil conditions, differences in varieties, and management for crop quality rather than yield are more important in explaining differences in the value of the indicator than is water management.

Equation:  VPAWtotal = (Total value of crop production)/TAWnet
Where:

Total value of crop production = Value of production of each crop during the time frame, usually one or more production seasons, summed over all crops grown within the supplier’s boundary. Value is the weight of production times the value per unit of weight received by the grower.

TAWnet = the total water diverted into the supplier’s boundary, including surface and groundwater, for irrigation purposes.  Quantified as the total of both surface water sources (direct diversion of water under rights or contracts) and groundwater pumped and applied separately from surface sources, minus the change in storage of irrigation water (which may include soil moisture or surface storage ponds), or the change in groundwater storage in an actively managed groundwater basin. Groundwater also includes the quantity pumped by other than the water supplier (i.e., private wells), in addition to the quantity pumped directly by the supplier and discharged into delivery systems. Water diverted for non-irrigation purposes (e.g. domestic or municipal use) must be subtracted from total.	


Example:
All acres of all crops within supplier boundary. 
	Element
	Calculation
	Result

	Value of crop production
	Method 1 – Use Ag Commissioner reports and USDA NASS data, area-weighted for overlying counties
Method 2 – survey of growers, local processers
	Method 1 = sum of price/unit x units/acre x acres  = $1,423.7 million

Method 2 = $1,740.1 million

	TAWnet
	Total delivery to supplier, plus
Groundwater pumping:
Method 1 – estimated
Method 2 – provided by grower or meter records
	Method 1 = 860,000 af

Method 2 = 900,000 af

	VPAWtotal
	Calculate range for both methods of estimating value of production and applied water
	Low: $1,423.7 million/900,000 af 
          = $1,581.9/af

High: $1,740.1/860,000 af 
          = $2,037.4/af





