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APPENDIX E

Approach for Estimating Rural Pumping Using Model



  

SUMMARY  OF GROUNDWATER  DEMAND  ESTIMATES  IN  THE PLAN 
AREA 

Introduction  
Estimates of groundwater demands (pumping)  between 1975 and 2010 were 
developed by the U.S. Geological Survey  (USGS) for the Santa Rosa Plain Watershed 
(Plan Area) (Nishikawa, 2013 and  Woolfenden and Nishikawa, 2014).  The 
groundwater demands  developed for the Plan Area were grouped into two main 
categories: (1) public supply pumping;  and (2) rural pumping.  Rural pumping was 
further subdivided into  rural agricultural pumping and rural  domestic pumping.  
The following sections summarize the USGS procedures and results of the 
groundwater demand estimates  for these categories.  

Public Supply Pumping 
Groundwater  demands  for public supply pumping within the Plan Area consist of 
groundwater pumped for municipal supply by the Cities of Cotati, Rohnert Park, 
Santa Rosa and Sebastopol, Town of Windsor, California American Water Company 
and the Sonoma County Water Agency.  Groundwater demands for public supply 
produced by these agencies is metered  and reported to the California Department of 
Public Health (CDPH) and is sourced through approximately 70 municipal wells in 
the Plan Area, as shown in Figure E-1.  The reported public supply groundwater 
demands ranged  from  3,900 a cre-feet per year  (afy)  to 10,000  afy, as shown in 
Figure A-2  and on average represented approximately 18% of the total  pumping 
from the Plan Area between 1975 and 2010 ( 7,100 a fy).  

Rural Pumping 
Groundwater  demands  for rural pumping include pumping for agricultural and 
rural domestic supply.  As  rural domestic and agricultural pumping  are not 
commonly  measured  or  reported, the USGS estimated these groundwater demands.  
The process for estimating  groundwater demands for rural domestic and 
agricultural supplies  is summarized  below.  

Rural Domestic  Pumping 
For the purposes of estimating rural pumping, it was assumed that residents of 
semi-rural and rural areas outside the municipal service areas  of the Cities of Santa 
Rosa, Rohnert Park, Cotati, Sebastopol, California American Water Company and the 
Town of Windsor rely  on groundwater for water supply.   The rural  domestic 
pumping was estimated by calculating the population located outside of the 
municipal  service areas for the aforementioned agencies using census-tracts defined 
by the U.S. Census Bureau  for 1970, 1980, 1990 and 2000. It was assumed that the 
1970 census data represented the population for 1975, the 1980 census data 
represented the population from 1976 to 1985, the 1990 census  data represented 
the population from 1986 to 1995, and the 2000 census data represented the 
population distribution from 1996 to  2010.  It also was assumed that the municipal  
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service areas  did not change during the periods between the census tabulation of 
population.  

The  population located outside municipal service areas was then multiplied by an 
annual per-capita water demand, assumed to equal 0.19 acre-ft per capita 
(California Department of Water Resources, 1994), to obtain the total  annual  rural 
domestic groundwater  demands.   The rural  domestic groundwater demands were 
distributed within the fully-coupled hydrologic model for the Plan Area (GSFLOW), 
to  over 3,000 wells1  (included with  rural wells  on Figure E-1).   The estimated rural 
domestic groundwater demands  ranged from 12,100  afy to 23,400 afy,  as shown in 
Figure  E-2  and on average represented approximately  50% of the total  pumping 
from the Plan Area between 1975 and 2010 ( 19,300 a fy).  

Agricultural Pumping 
Agricultural pumping was initially estimated  for water years 1975–2010 by using 
the decoupled precipitation-runoff modeling system (PRMS) watershed-component 
model and a daily crop  water-demand model (CWDM), which incorporate land-use  
data and monthly crop  coefficients.  As further  described below, the initial estimates 
of agricultural pumping were subsequently refined during the calibration of the 
fully-coupled hydrologic model for the Plan Area (GSFLOW)  to develop final 
estimates of agricultural pumping.   

Initial Agricultural Pumping Estimates 
To  develop  the initial estimates of agricultural  pumping for the Plan Area, 
watershed-component model (PRMS) simulations were used in conjunction with a 
daily crop water-demand model (CWDM) to estimate the unmet crop water demand. 
This unmet demand is equal to the crop demand after accounting for effective 
precipitation and recycled  water application.   Estimated agricultural irrigation 
demand for the Plan Area  was  inferred  from areas of irrigated crop types identified 
in the California Department of Water Resources land-use surveys  (California 
Department of Water Resources, 1974, 1979, 1986, 1999) and from  crop types 
identified in unpublished data from Sonoma County Water Agency for  2008 
(Sonoma County Water Agency, written communication, 2008).   The CWDM was 
applied separately to five different simulation periods spanning water years  1975–
2010; each period was  associated with a unique land-use map that was 
representative of the crop distribution during that period.   The most prevalent crop 
type and land use were assigned to each area; areas with mostly non-irrigated land 
uses or crop types were defined as non-irrigated areas.  

The CWDM uses a root-zone water balance approach that assumes that the source of 
all water for crop transpiration is rainfall and irrigation. For simplification, 
transpiration of groundwater from the saturated zone was excluded  from the 

1  The rural wells shown  in Figure E-1 represent both  rural domestic and agricultural wells and do not 
necessarily represent actual well locations,  but are distributed spatially within cells of the hydrologic 
model  to represent the distribution of rural pumping within the  Plan Area.  
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CWDM  and it was assumed that all of the unmet crop water demand (after rainfall 
and irrigation with recycled water) was met using groundwater.  The CWDM 
accounts for deep percolation as well as ET from the soil profile in the calculation of 
the crop water demand.  

For each simulation period, adjustments were made to the PRMS parameters to 
better represent th e differences in vegetation types defined by the land-use period 
being simulated. The PRMS simulation provided daily inputs of potential 
evapotranspiration (PET), evapotranspiration (ET), and soil moisture to the CWDM. 
Additional inputs to the CWDM included the crop type and monthly crop coefficients 
for each crop type to represent factors such as growing season and crop water use. 
The crop coefficients in the CWDM  were  comparable  to the crop coefficients 
commonly  used in calculations of  crop water-demand.  

The initial agricultural  demands simulated by the CWDM  exhibited high seasonal 
variability and ranged from 7,000 afy  to  43,000 afy.  The annual simulated  
agricultural  demands varied significantly in response to year to year climate 
conditions (i.e., higher agricultural  demands  were estimated for drier  water years 
and lower agricultural  demands were estimated for  wetter years).  The highest 
irrigation rates estimated by the CWDM were for pasture lands not receiving 
recycled  water and ranged from 24 to  38 inches per year.  Irrigation rates for 
vineyards generally ranged from 12 to  20 inches per year, but were as high as 31 to 
38 inches per year in sandier well-drained soils.  The CWDM did not account for  
some local practices which led to the model overestimating agricultural demands: 
(1) deficit irrigation practices commonly applied in winegrape growing; and (2) 
fallowing of  fields during drought periods.  Deficit irrigation consists of applying less 
water than the full potential plant requirement and is conducted to improve fruit
quality  and more common estimates of irrigation rates for vineyards  within the Plan
Area range from  4 to 8 inches per year.  As described below, these initial agricultural 
demand estimates were reduced  during calibration of the watershed model, which 
addresses the initial overestimate of agricultural irrigation. 

Final  Estimates of Agricultural Pumping 
Final estimates for agricultural pumping  were  derived  during the calibration of the 
fully-coupled hydrologic model for the Plan Area (GSFLOW).  The initial agricultural  
pumping estimates were used as input to the GSFLOW model  by distributing the 
demands  to  1,072 agricultural wells2  (included  with rural  wells on  Figure  E-1).  
During the process of calibrating the GSFLOW model, simulated groundwater levels 
were initially too low near agricultural  wells compared with measure data 
indicating that the initial estimated agricultural demands were too high.   Adjusting 
other model input parameters, including the hydraulic conductivity and storage 
properties  did not improve the overall match between simulated and measured 

2  The rural wells shown  in Figure E-1 represent both  rural domestic and agricultural wells and do not 
necessarily represent actual well locations,  but are distributed spatially within cells of the hydrologic 
model  to represent the distribution of rural pumping within the P lan Area.  
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groundwater levels.  Therefore, agricultural pumping demands within the model 
were reduced by as much as 33 percent from the initial values (starting in water 
year 1982), which  resulted in  improved calibration of the model.   Figure  E-3 shows 
a comparison of the initial and final estimates for rural  groundwater pumping 
(comprised of both rural domestic and agricultural groundwater  demands) within 
the Plan Area.  

The  resulting final estimated  agricultural  groundwater demands  ranged from  4,900 
afy to 21,400 afy, as shown in Figure  E-2  and on average represented approximately 
32% of the total pumping from the Plan Area between 1975  and 2010  (12,600 a fy).  
Applying the final annual  agricultural groundwater demands to the areas of 
irrigated agriculture for the various land use datasets results in irrigation rates  that 
average approximately 9 inches per year  for all agricultural crop types.  
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Figure 6. Public-supply and rural (agricultural and domestic) wells, Santa Rosa Plain watershed, Sonoma County, California. 
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1Estimated pumpage based on simulations from final calibrated GSFLOW Model for Santa Rosa Plain Watershed (USGS, 2014).
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