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DRAFT TOTAL WATER USE WHITE PAPER 

 

1.0 Introduction 

There are seven components to Groundwater Sustainability Plan (GSP) coordinating 

agreements. These components will be described in the Department of Water Resources’ 

(DWR) GSP regulations, expected to be released in draft form in February 2016. The 

components are: 

a. Groundwater elevation data; 

b. Groundwater extraction data; 

c. Surface water supply; 

d. Total water use; 

e. Change in groundwater storage; 

f. Water budget, and 

g. Sustainable yield. 

This white paper was prepared by the Buena Vista Water Storage District (BVWSD or 

District) and addresses Item d of the preceding list – Total Water Use. The information 

presented in this paper outlines recommended approaches for estimating and accounting for 

water uses within the Buena Vista Groundwater Sustainability Agency (BVGSA). The 

information presented in this document is intended to serve three purposes: 

• to serve as guidance for the BVGSA;  

• to present recommendations for estimating water uses within the GSA by using 

methods that will be acceptable to other GSAs within the Kern Groundwater Basin, 

and 

• to support a standard accounting framework that can be applied by the BVGSA and 

other GSAs in Kern County for developing water budgets.  

2.0 Role of Accounting for Total Water Use in SGMA  

Careful accounting of total water use is critical for developing a water budget of the accuracy 

needed to support sustainable groundwater management. While some elements of water use 

within the BVGSA are measured and can be entered into a water budget with confidence, 

other components are estimated values that must be used with some recognition of their 

uncertainty. BVWSD is taking steps to reduce the uncertainties related to quantification of 

water usage by installing magnetic flow meters on all wells within the District. BVWSD is 

also in the process of converting portions of its open ditch delivery system to pipelines with 

magnetic flow meters at each turnout. Both of these steps will improve water measurement 

within the District. In particular, installation of magnetic flow meters on wells that discharge 



 
 

 

3 

directly to irrigated lands and on turnouts serving agricultural or environmental uses will 

improve measurement of deliveries at these locations.  Improved measurement of deliveries 

will increase the accuracy with which flowpaths fed by these deliveries, such as consumptive 

use by crops and refuges, can be estimated. 

 

2.1  Consumptive Use 

Water uses are often grouped into two general categories: 

• Consumptive uses, and 

• Non-consumptive uses. 

Consumptive uses, such as evapotranspiration, remove water from the basin making it 

unavailable to other uses. Non-consumptive uses, such as in-door domestic use, may alter 

water quality but do not reduce the volume of water available in the basin.     

 

 Agricultural Use 

By far, the greatest water use in the BVWSD service area is irrigated agriculture. Unlike 

measured water uses, agricultural consumption is estimated or inferred using one of two 

general methodologies: 

• Climate-based methods.  These methods rely on measured evaporation (pan evaporation) 

or computed estimates of evapotranspiration based on climatic factors such as 

temperature, solar radiation and wind speed to arrive at values for reference 

evapotranspiration (ETo), a parameter that represents the water consumed by a well-

watered reference crop. Climate-based techniques then adjust ETo estimates by applying 

crop coefficients to arrive at ETc, crop specific ET values for each major crop within a 

study area. ETc values can be computed on a seasonal basis or to target specific stages of 

crop development, and additional coefficients can be applied to further refine ETc 

estimates to represent particular growing conditions.  

 

The climate-based approach is well documented in publications such as FAO 56 and 

is widely used in California where climatic data from the CIMIS (California Irrigation 

Management Information System) network is frequently relied on as the foundation 

for ET estimates. The method is subject to error introduced both in estimation of ETo 

and in adjusting ETo to ETc values representative of particular crops and growing 

conditions.  

 

• Energy balance methods. These methods compute the actual volume of water 

evaporated from land surfaces and transpired by crops, ETa, by sensing conditions 

that are surrogates for evapotranspiration. In the case of methods such as METRIC 

(Mapping EvapoTranspiration at high Resolution with Internalized Calibration) 

which compute ETa from thermal spectrum satellite imagery, the surface energy 
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balance equation is used to compute latent heat flux (LE) which is then converted to 

ETc.   

The surface energy balance equation can be expressed as: 

 

LE = Rn – G - H 

 

where Rn is net radiation at the surface, G, is the soil heat flux, H is the sensible heat 

flux into the air and LE is calculated as a residual of the energy balance and then 

converted to ETc as depth per unit time (typically mm/hour).  

 

METRIC and similar processes require both accurate LandSAT Thermal Mapper 

images and an understanding of the agronomic variables in a region. A limitation of 

LandSAT-based estimates is that images are taken at 16-day intervals. However, 

mapping from the Terra-MODIS sensors, which capture images at lower resolution 

than LandSAT but at higher frequency, is being used to supplement estimates 

developed from LandSAT.  

 

Other techniques for measuring ETa include field-scale sensors installed above the 

plant canopy that measure ETa. While field-scale sensors are not well suited to 

mapping ETa over large areas, they provide continuous estimates that can serve to 

ground truth values drawn from satellite imagery.   

 

Because both remote and field-scale techniques for sensing ETa are based on 

collection of atmospheric data, they are not heavily dependent on knowledge of crop 

type or irrigation practices. For this reason the energy balance techniques are 

particularly useful in settings where the relation between ETo and ETc is not well 

established and in instances where conditions may depart from those commonly 

assumed due to the following factors: 

• Water shortage 

• Disease 

• Crop variety  

• Planting density 

• Cropping dates 

• Salinity 

• Weeds 

• Managed deficit irrigation 

 

 Environmental Use 

As is the case with agricultural water use, environmental water use is largely 

evapotranspiration. As is also the case with agricultural water use, both climate-based 

methods and energy balance methods are applied to estimate water use. However, in the case 



 
 

 

5 

of environmental water use, a greater proportion of the use is evaporation from free water 

surfaces, and the coefficients used to convert ETo values to plant-specific estimates of ETc 

are often less thoroughly researched than for major agricultural crops. For these reasons, 

techniques that compute ETa directly, such as those relying on satellite imagery, may be 

particularly well-suited to determining water uses in refuges, duck clubs and other 

environmental settings.       
 

 Municipal, Domestic and Commercial Use 

Outdoor domestic and municipal water uses within the BVWSD consist principally of 

landscape irrigation at homes, commercial properties and parks.  Because water delivered to 

homes and commercial users is provided either by the Buttonwillow County Water District 

or from private, metered wells, the volumes of water delivered are known and water use 

allocations can be estimated. In the case of domestic and commercial water users, standard 

coefficients can be applied to estimate the proportion of the delivered water that is used 

consumptively and non-consumptively for household or commercial purposes. The volume 

of water delivered to the Buttonwillow Community Park is also metered, and the climate-

based method for estimating consumptive use may be preferred at this location because the 

30m x 30m pixel resolution of the LandSAT images is likely to be too coarse to support 

accurate estimates of consumption.         
 

2.2  Non-consumptive Use   

As noted above, non-consumptive uses, such as in-door domestic use, may alter water quality 

but do not reduce the volume of water available in the basin. 

   

 Municipal, Domestic and Commercial Use 

Within the BVGSA, non-consumptive uses of water include domestic and commercial users 

supplied by the Buttonwillow County Water District, domestic users supplied by wells, and 

commercial and industrial users supplied by wells. As described above, for domestic and 

commercial users having both indoor and outdoor uses, standard coefficients can be applied 

to determine the proportion of water to allocate to indoor (non-consumptive) uses.  Industrial 

water use will similarly be apportioned between consumptive and non-consumptive uses 

based on industry-specific coefficients.  Inflows to and outflows from local waste water 

treatment plants provide additional measuring points for non-consumptive water uses.      

  

2.3  Recommendations for Accounting for Total Water Use 

Water used within the BVGSA is almost entirely delivered to meet the consumptive demands 

of agriculture and the environment. The District is now in the process of improving the 

accuracy with which deliveries for these uses are measured. In parallel to improved 

measurement of deliveries, the BVWSD should be attentive to maturing technologies for 

measurement of ETa using satellite imagery supported by field-scale techniques for 
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calibration and verification. An additional area for exploration is the use of Terra-MODIS 

imagery to fill in gaps between LandSAT images to better capture ephemeral events such as 

evaporation from land surfaces following storms.  The combination of increasingly accurate 

measurement of deliveries to agricultural and environmental uses and increasingly accurate 

measurement of ETa by these uses and from undeveloped lands will yield more confident 

estimates of groundwater recharge throughout the BVGSA.   

 

Although the primary emphasis should be placed on improved estimation of agricultural and 

environmental consumptive uses, attention should also be paid to applying sound 

methodologies for differentiating between consumptive and non-consumptive municipal, 

domestic and industrial uses.  The capacity to accurately draw this distinction will enable the 

BVGSA’s accounting framework to separate deliveries to uses that consume water from 

deliveries where the water is retained within the basin.  

 

3.0  Quality Control and Quality Assurance 

While data on water supplies and deliveries consist of reported values drawn from published 

sources including the Kern County Water Agency, the State Water Project and the Kern 

River Water Master, data on water use is less consistent. Data on agricultural, environmental, 

municipal and commercial deliveries are now available from the BVWSD and the 

Buttonwillow County Water District and pumping records from privately-owned wells will 

become available in the near future. Computed values of ETa from agricultural and 

environmental uses, undeveloped land and domestic and commercial landscapes will be 

checked to confirm that the estimates were developed following standard methodologies.  

Similarly, standard methodologies will be applied to partition deliveries to municipal, 

domestic and commercial users into consumptive and non-consumptive components.     


