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1. Introduction 
 
The Groundwater Sustainability Plan (GSP) development includes the use of a groundwater flow 
model to compute a basin wide groundwater and surface water budget, to support sustainable 
management criteria (SMC) development, and to assess the effects of proposed projects and 
management actions on overall basin sustainability.  
The U.S. Geological Survey (USGS) has developed an integrated surface water/groundwater 
flow model that encompasses the Santa Rosa Plain watershed and the groundwater basin. The 
Santa Rosa Plain Hydrologic Model (SRPHM) was released in 2014 and included a simulation 
period from 1975 through 2010. The USGS performed further revisions to the model in 2019 
that were provided to the GSP model team. These revisions included a temporal update 
through 2015 and modification of input file structure (SRPHM 1.0). Further revisions to the 
model made by the GSP model team are documented herein as version SRPHM 1.0+. These 
revisions include: 
 

• further temporal extension of the model through December, 2018; 
• changes to agricultural pumping estimates; 
• changes to rural domestic pumping estimates; 
• updates to public water supply well pumping 
• revisions to the representation of climate and recycled water; and 
• incorporation of septic return flows  

 
1.1 General Description of Model  
 
The SRPHM is an integrated groundwater-surface water hydrologic and watershed model of the 
Santa Rosa Plain Watershed (262 square miles), inclusive of the entire Santa Rosa Plain1 and 
Rincon Valley groundwater subbasins, and portions of the Kenwood Valley, Wilson Grove 
Formations Highlands, Healdsburg area, and Alexander area groundwater subbasins. The 
watershed, groundwater basin, and model domain boundary are show in Figure 1.  SRPHM was 
developed using the USGS groundwater and surface water model, GSFLOW (McLaughlin et al., 
2008), which consists of two integrated model components: (1) a watershed hydrology model 
based on the Precipitation Runoff Modeling System (PRMS) (Leavesly et al, 1983, 2005) and (2) 
a groundwater-surface water model developed using MODFLOW-NWT (MF-NWT) (Niswonger 
et al., 2011). Additionally, a decoupled soil-moisture balance model, the Crop Water Demand 
Model (CWDM), was used with the original USGS model to estimate crop irrigation pumping 
demands; this has been replaced with the recently developed Ag Package (Niswonger, 2020),  
as further described in Section 1.2.2 below. Figure 2 shows a schematic representation of the 
interaction between the different model components for the current updated version of the 
model (SRPHM 1.0+). For a detailed description of the conceptualization, parameterization, 
calibration and development of the original USGS model, the reader is referred to USGS 
Scientific Investigation Report 2014-5052 (Wolfenden and Nishikawa, 2014). 

 
1 Two slivers of the recently modified (expanded) DWR Bulletin 118 Santa Rosa Plain basin boundary are not covered 
by the model domain (154 acres near Sebastopol and 113 acres south of Healdsburg). Combined, these excluded 
slivers make up only 0.3% of the total Subbasin area of 81,284 acres.  

https://pubs.usgs.gov/sir/2014/5052/
https://pubs.usgs.gov/sir/2014/5052/
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Figure 1. Santa Rosa Plain Hydrologic Model (SRPHM) Area (modified from USGS, 2013) 
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Figure 2. SRPHM conceptual model of interactions between Ag Package, PRMS, and MODFLOW 
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1.2 Rural Pumping Updates 
 
The groundwater demand for rural pumping (rural pumpage) consists of the combined total of 
pumping to meet rural residential supply and unmet agricultural irrigation demand. As neither 
rural residential or agricultural pumping are commonly measured or reported, the USGS 
estimated these groundwater demands on the basis of estimates of rural population density 
and an average per-capita water usage, and by using the CWDM soil moisture balance model to 
estimate crop-specific irrigation demand.  
 

1.2.1 Rural Residential Water Demand 
 

1.2.1.1 Original USGS approach 
The model assumed that rural residents outside the city limits of Santa Rosa, Rohnert Park, 
Cotati, Sebastopol, California American Water Company, and Town of Windsor rely entirely on 
groundwater. Census tract polygons and population density data were used to estimate the 
areas and population not serviced by public supply wells. By definition, the census tracts report 
a single population number which results in an assumption of homogeneous spatial population 
density within each tract. This caused an overestimate of the population density at the 
interface of the urban and rural areas within a census tract, which would result in an 
overestimation of pumping. An annual water demand of 0.19 acre-feet per capita per year (170 
gallons per capita per day, gpcd) was assumed. The source of this value was referenced as being 
based on data from the 1994 California Water Plan Update (DWR, 1994).  
 

1.2.1.2 Updated approach 
Rural residential parcels identified in the Rate Study were used to locate parcels in the Santa 
Rosa Plain utilizing groundwater for domestic purposes (Raftelis, 2019). These include some 
parcels within city limits identified by their respective water service providers. The Sonoma 
County parcel database was filtered to locate rural residential parcels outside of the 
groundwater basin but within the groundwater model domain. The locations of parcels 
incorporated into the model are shown in Figure 3, as well as the indoor and outdoor water use 
by parcel. A total of 11,943 parcels are included within the entire model domain and 7,482 
parcels are within the Subbasin, of which 1,282 wells are urban users in the Subbasin (Table 1). 
The 2019 Rate Study (Raftelis, 2019) cited a lower number of total residential groundwater 
users of 6,627 parcels. The discrepancy appears to be due to the Rate Study database being 
updated following the publication of the report to account for urban well users.  
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Figure 3 Domestic groundwater users in the SRPHM 
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The yearly groundwater usage applied to each parcel was determined by the size of the parcel 
and the parcel type.  The groundwater demand was estimated by: 
 

  Qparcel = Qindoor + % Irrigated x Id x Pav(i)   
% Irrigated = 2.80% 
Id = 2.9 ft/year; Turf Irrigation Depth 
Pav(i)= Parcel area (acres) 
Qindoor (In home use) = 0.24 AF/year 

 
Parcel zoning use codes were used to determine if a parcel uses groundwater for indoor and 
outdoor, indoor only, or outdoor only. Parcels with outdoor and indoor uses are typically 
common residences, whereas indoor only parcels are those with a mixed residential and 
agricultural zoning use code description. The assumption is that the agricultural demands will 
be satisfied by Ag Package (see below) for that parcel. Parcels with outdoor only use were 
identified in the rate study and the information was provided by the water service providers. 
These parcels are assumed to only use groundwater pumping for outdoor use only. 
 
Table 1 Number of Domestic Wells Inside and Outside Subbasin, and by Domestic Use-Type 

Demand 
Type 

Inside 
Subbasin 

Outside 
Subbasin 

Total 

    
Outdoor 

and 
Indoor 

6,185 4,102 10,287 

Indoor 
Only 

15 353 368 

Outdoor 
Only 

1,282 6 1,288 

Total 7,482 4,461 11,943 
 
The start of pumping for a given parcel was determined from the year that the parcel database 
indicated the parcel was developed. The updated timeseries of rural domestic groundwater 
pumping applied in the entire model domain is shown in Figure 4. As indicated by Figure 4, the 
rural domestic pumping incorporated into the revised SRPHM 1.0+ is several times lower than 
estimates from the original SRPHM and reflect a smoother transition over time.  The smoother 
transition is due to the use of the development dates from the parcel database rather than the 
use of periodic census surveys, which cause the more abrupt changes in the original SRPHM.  
The lower overall estimates of rural domestic pumping are also more consistent with estimates 
from the Rate Study. For the Subbasin, total pumping by rural domestic users totaled 3,664 
acre-feet per year in the Rate Study whereas the total estimate derived by SRPHM 1.0+ is 2,900 
acre-feet per year. The difference is due to the use of separate indoor and outdoor water use in 
the SRPHM 1.0+, which required independent water-use estimates. The Rate Study identified a 
group of estimates and chose a central representative value of 0.5 acre-feet per year per parcel, 
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whereas, the average per parcel water use calculated by SRPHM 1.0+, excluding urban water 
users, is 0.42 acre-feet per year. The Rate Study also accounted for secondary units on domestic 
parcels which were not accounted for in the SRPHM 1.0+. 
 
 

 
 
Figure 4 Rural domestic pumping in the Santa Rosa Plain Hydrologic Model for the entire model area. SRPHM 
1.0+ refers to this update and SRPHM1.0 is the original USGS model. 
 
Parcels are aggregated spatially by model cell for every stress period. The layers from which the 
parcels pump groundwater is determined from the reported domestic well depths. The 
reported well depths are provided by DWR’s Well Completion Report Map which describes the 
number, maximum, minimum and average depths for wells by township, range, and section. 
The layer assigned to a given parcel was selected based on the minimum, maximum and mean 
defined in the DWR dataset for that well’s township, range and section 
   

1.2.2 Agricultural Irrigation Pumping 
 

1.2.2.1 Original USGS approach 
There is no comprehensive metering on agricultural pumping in the Subbasin, and therefore, 
agricultural groundwater pumping demands must be estimated through other means. 
Agricultural irrigation demand was estimated by the USGS for Water Year 1975-2015 using the 
daily Crop Water Demand Model (CWDM) in conjunction with the calibrated watershed model 
used in PRMS-only mode. The CWDM is decoupled from the calibrated watershed model. This 
means the CWDM uses information from the calibrated watershed model to calculate irrigation 
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demand and simulate pumping in the SRHM but does not apply the water to the watershed in 
the SRHM. 
 

1.2.2.2 Updated approach 
Due to limitations of the CWDM, a new but conceptually similar approach was taken in the 
model update to estimate agricultural pumping. The Ag Package is coupled with GSFLOW and 
dynamically computes crop water demand and irrigation pumping and irrigation return flows. 
Irrigation demands are calculated as the potential evapotranspiration that remains after 
evaporation and transpiration utilize all available water in the soil zone (Niswonger, 2020). The 
Ag Package performs this calculation through PRMS and, therefore, processes such as 
Hortonian overland flow, Dunnian runoff, and a suite of other soil moisture processes are 
incorporated into the calculation of applied irrigation. Recycled water is indirectly incorporated 
through the external link file that acts to apply the recycled water directly into the soil zone. 
This water should act to limit groundwater pumping where it is applied by satisfying the 
potential evapotranspiration before irrigation is required. 
 

1.2.2.3 Land Use Processing and Ag Package Inputs 
Many of the original USGS model input files used to run the CWDM were used as inputs for the 
Ag Package. The datasets included the crop land use datasets for 1974, 1986, 1999 and 2008. 
Newly available land use datasets from DWR for 2012, 2014 and 2016 were used to update the 
agricultural land use to 2018. The Sonoma County Vegmap dataset was assessed for use in the 
crop updates; however, because its land use classifications are inconsistent with DWR’s, the 
DWR datasets were chosen. As seen in Table 2, the total acreage of vineyards mapped by the 
VEGMAP is only 100 acres (1%) greater than that mapped in the DWR 2012 land use dataset. 
Pastures and grains show the greatest variance between the two datasets, though this is 
potentially because of the classifications used in VEGMAP are different than the DWR 
classifications. The DWR 2012 land use dataset contains an array of information on crop type, 
water source, irrigation types, and other information, whereas the 2014 and 2016 datasets only 
map the crop type identified through aerial imagery. The crop types used in the original CWDM 
model were retained in SRPHM 1.0+, and include: Field Crop, Grains, Orchard, Pasture, Truck 
Crop, Turf Grass, and Vineyard. The land use type that makes up the majority area of a cell is 
assigned to those model cells and only cells in the above list are included in the Ag Package. A 
majority of model cells are not simulated by the Ag Package because they do not have active 
crops. Additionally, crops indicated as non-irrigated were not included in the Ag Package inputs. 
  
Table 2 Comparison of Acres of Crops in the DWR 2012 Land Use dataset and the VEGMAP dataset. These are 
not the same values used in the AG package as some crops were removed depending on irrigation source or 
non-irrigation. Only crops with comparable classifications are shown.  
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Crop Type DWR 2012 VEGMAP 2014 
   

Field Crop 490 810 
Grains 3350 1830 

Orchard 260 220 
Pasture 3420 2360 

Vineyard 9960 10060 
 
 
Pastures are prevalent within the Subbasin and can can be a water intensive crop. In the 2019 
Rate Study (Raftelis, 2019) it was assumed that pastures in the subbasin were not irrigated, 
whereas the 2012 DWR land use map by DWR indicates an irrigated land use for pasture areas. 
In order to assess whether pastures are irrigated, we mapped irrigated pastures identified in 
DWR’s land use dataset with the remote sensing-based normalized difference vegetation index 
(NDVI). NDVI is a common tool to assess vegetation health (Anderson et al, 2012), with values 
ranging from -1 to 1. Greater NDVI values indicate the increasing presence of chlorophyll 
content in plant matter, and thus a healthier non-stressed crop which is interpreted to be an 
indicator of irrigated agriculture. Figure 5 shows the irrigated pasture locations from DWR 2012 
as input into the groundwater model with the 2012 Fall NDVI average values. The pastures 
identified in the model occur in areas with high NDVI values indicating vigorous growth late in 
the season, and therefore a high likelihood that these pastures are irrigated.  
 
The DWR 2012 land use datasets are based off field-level reconnaissance mapping and aerial 
photo interpretation and are regarded as high-quality data. The DWR 2012 land use map 
indicates the source of irrigation for all fields, including pastures. It is assumed that if 
groundwater is the listed source of water for a pasture, then that field would be included as a 
pasture. Data from the recycled water providers indicates that many of the pastures that have 
groundwater as their irrigation source (as determined by DWR (2012)) also receive recycled 
water. For water year 2012, 74% of the simulated pasture model cells in the subbasin received 
recycled water. Pastures were not included in the simulation where sworn affidavits attesting 
to no groundwater use exist. There are 28 such parcels with sworn affidavits. The locations of 
simulated pastures, simulated pastures that receive recycled water, water source, and parcels 
with affidavits are show in Figure 6. For those model cells that receive it, recycled water is 
applied to the soil zone by PRMS, and if there is unmet evapotranspiration for that cell, then 
groundwater is pumped and applied to the soil zone. 
 
The land use derived crop datasets for 1974, 1986, 1999, 2008, 2012, and 2018 were used to 
define the crops for the model simulation from 1974 to 2018. For every AG Package model cell, 
the crop type for a given year was defined by the crop map nearest in time for that cell. For 
example, to define the crops for 1995, the crop map from 1999 was used, whereas the crop 
map from 1986 was used for the model simulation year of 1990. Figure 7 and Table 3 show the 
area simulated by the AG Package within the entire model domain, and  Figure 8 and Table 4 
shows the crops within the Subbasin only.  The pasture land use crop inputs derived from the 
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2012 dataset were applied for the 1986 to 2018 period because of the reliance on data only 
available within the 2012 dataset. Figure 9 depicts the spatial distribution of crops for calendar 
Year 2012. 
 

  
Figure 5 Pastures in the Santa Rosa Plain: Normalized Difference Vegetation Index 
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Figure 6 Pastures in the Santa Rosa Plain: DWR Pastures and Water Source 
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Figure 7 Total Crop Area for the Entire SRPHM Area. Orange stars at base of graph indicate years where land use 
data was available to create crop input dataset. Years without recorded data were assigned by the nearest year 
with available data. 
 
 
Table 3 Number of Acres per Crop for the Entire SRPHM Area. These values were determined from the land use 
datasets and were used to assign intervening years not listed.  
 

Year Field 
Crop 

Grains Orchard Pasture Truck 
Crop 

Turf 
Grass 

Vineyard 

1974 310 60 350 2,470 120 260 3,130 
1979 520 100 560 3,790 160 260 4,020 
1986 550 360 390 1,420 460 220 4,590 
1999 280 360 510 1,420 290 450 11,440 
2008 50 360 1,190 1,420 640 750 13,260 
2012 480 360 440 1,420 530 750 12,590 
2014 80 360 680 1,420 230 750 12,720 
2016 10 360 670 1,420 630 750 13,220 
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Figure 8 Active Crop Area within the Santa Rosa Plain Subbasin. Orange stars at base of graph indicate years 
where land use data was available to create crop input dataset. Years without recorded data were assigned by 
the nearest year with available data. 
 
Table 4 Number of Acres per Crop for the Subbasin. These values were determined from the land use datasets 
and were used to assign intervening years not listed. 
 
 

Year Field 
Crop 

Grains Orchard Pasture Truck 
Crop 

Turf 
Grass 

Vineyard 

1974 310 60 320 2,290 100 260 2,560 
1979 510 100 430 3,520 110 260 2,990 
1986 550 360 290 890 390 220 3,380 
1999 280 360 190 890 230 450 8,330 
2008 50 360 420 890 620 560 9,140 
2012 470 360 70 890 510 560 9,240 
2014 80 360 180 890 200 560 9,450 
2016 10 360 230 890 590 560 9,700 
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Figure 9  Ag package Crop, 2012 
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Crop coefficients are used to simulate the variation in crop evapotranspiration demands as a 
function of potential evapotranspiration. Potential evapotranspiration is calculated by PRMS 
using the Jensen-Haise formulation. Crop specific crop coefficients and monthly crop-irrigation 
schedules are shown in Figure 10 and Figure 11. The crop coefficients for vineyards are based 
on values derived for the Russian River region (Davids Engineering, 2013). The other crop 
coefficients are from Allen et al (1998), Gibeault et al (1989), Snyder et al (1987a, 1987b), and 
Brush et al (2004). 
 

 
Figure 10 Monthly Crop Coefficients 
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Figure 11 Monthly irrigation schedules 
 
Adjustments were made to the PRMS soil parameters in order to incorporate agricultural 
practices such as drip irrigation for vineyards. For vineyard cells the impervious area was set to 
30% to incorporate bare soils (Table 5), and summer rain interception value (srain_intcp) was 
set to zero so that no irrigation is intercepted by vegetation in order to simulate drip irrigation. 
soil2gw_max was also set to zero so that no water directly recharges from soil capillary zone to 
groundwater in order to simulate high efficiency irrigation for vineyards. All crops were 
assigned a value of 2 inches for the water holding capacity of the soil zone as defined by 
soil_moist_max and sat_threshold.  
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Table 5 Changes to PRMS parameters in SRPHM 1.0+ 
 
PRMS 
Parameter 

PRMS Parameter 
Description 

Crop Type Updated 
Paramete
r  

Rationale 

srain_intcp Summer rain interception Vineyard 0% drip irrigation 

imperviousness Percent of cell causing 
runoff 

Vineyard 30% estimate of bare soils 
and area where no ET 
occurs 

soil2gw_max Maximum amount of 
gravity reservoir that flows 
to groundwater 

Vineyard 0 inch used to simulate high 
efficiency irrigation 

soil_moist_max Maximum available water 
holding capacity of capillary 
reservoir 

Vineyard 2 inch calibrated value 

sat_threshold Water holding capacity of 
the gravity and preferential-
flow reservoirs 

Vineyard 2 inch calibrated value 

srain_intcp Summer rain interception All other 
Crops Besides 
Vineyards 

Unchanged 
from 
original 

NA 

imperviousness Percent of cell causing 
runoff 

All other 
Crops Besides 
Vineyards 

Unchanged 
from 
original 

NA 

soil2gw_max Maximum amount of 
gravity reservoir that flows 
to groundwater 

All other 
Crops Besides 
Vineyards 

Unchanged 
from 
original 

NA 

soil_moist_max Maximum available water 
holding capacity of capillary 
reservoir 

All other 
Crops Besides 
Vineyards 

2 inch calibrated value 

sat_threshold Water holding capacity of 
the gravity and preferential-
flow reservoirs 

All other 
Crops Besides 
Vineyards 

2 inch calibrated value 

 
The simulated pumpage per crop for the Santa Rosa Plain Subbasin is shown in Figure 12 and a 
summary of groundwater pumpage per crop for the period from water year 2012 to 2018 is 
shown in Table 6. Pastures were the dominant use of irrigation until 1983, after which vineyard 
irrigation has been the largest total use of groundwater irrigation in the subbasin. The total 
yearly average irrigation depth in feet per crop is shown in Table 7 and monthly average 
irrigation depth for all crops is shown in Figure 13. Pastures have the highest irrigation depth 
per crop and vineyards are the lowest irrigation depth on average. Most irrigation occurs in the 
summer months, although pastures and turfgrass have simulated irrigation periods that extend 
into the spring and fall. 
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Figure 12 Simulated groundwater pumpage by crop for the Subbasin 

 
 
 
Table 6 Groundwater pumpage per crop for the Subbasin from Water 2012 to 2018 
  

Field 
Crop 

Grains Orchard Pasture Truck 
Crop 

Turf 
Grass 

Vineyard 
        

Mean 200 300 100 2,200 500 900 6,300 

Minimum 0 200 0 1,900 200 800 4,400 

Maximum 600 400 200 2,500 700 1,000 7,000 

Median 100 300 200 2,100 600 800 6,600 
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Table 7 Average simulated irrigation depth by crop, pre-recycled water deliveries from 1975 to 1990 
 

Crop Type Irrigation depth (feet) 
Vineyards 0.76 

Orchard 0.78 

Truck Nursery 1.25 

Pastures 2.25 

Grain 0.86 

Turf Grass 1.55 

Field Crop 1.29 

 
 

Figure 13 Model Results: Average monthly irrigation depth per crop 
 
 
1.2.3 Public Water Supply Pumping 
Large and small water service providers pump groundwater to serve to their customers. Large 
water suppliers include Cotati, Rohnert Park, Santa Rosa, Sebastopol, Windsor, Sonoma Water, 
Sonoma State University, and California-American Larkfield. Small water suppliers include 
Canon Manor Water System, Cloverleaf Ranch Summer Camp and many others including 
wineries, schools, mutual water companies, RV parks, restaurants, and parks. Other sources of 
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groundwater extraction, such as pumping for urban landscape irrigation are not included in the 
model. Pumpage data from the large and small water suppliers were included in the original 
USGS model and have been updated here. The large water suppliers generally provided 
pumpage records for each of their extraction wells. These pumpage records were summed by 
month and then used to extend the pumping records to December 2018 (shown annually in 
Figure 14). Pumpage data for small water suppliers were provided by CA DWR Division of 
Drinking Water (DDW). If monthly data were not available for certain periods, then they were 
estimated based on data from previous years2. If total pumpage was given for a supplier, then it 
was divided among all active wells managed by that supplier.  
 
 

 
 
Figure 14 Total Monthly Pumpage by Munipical and Industrial water service providers for the Santa Rosa Plain 
Subbasin with Top 10 Users labeled 
 
 
1.3 Additional Completed Model Updates 
 

1.3.1 Climate Representation 
The representation of climate stresses in the model has been changed from the original 
approach of the SRPHM 1.0 of using daily grids of precipitation and minimum and maximum 
temperature, to an approach based on time series input for individual weather stations which 
are then interpolated spatially onto the model grid by PRMS subroutines. This change resulted 
in a reduction in model input file size, although not a reduction in model run time. The updated 

 
2 Exceptions to this were for small water suppliers located in areas affected by 2017 Tubbs fire that were missing 
data for 2017 and 2018 because they were not operational after the fire. 
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model climate input files for 1975-2015 are currently only available in the new climate station 
format. 
 
The PRMS watershed model requires input of daily precipitation and minimum and maximum 
daily air temperatures. The original SRPHM v1.0 used a gridded climate data set of daily 
precipitation and daily minimum and maximum air temperatures as input to GSFLOW.  The 
gridded daily climate data set was developed externally to SRPHM as part of the model 
development by pre-processing and integration of climate data from a combination of monthly 
Parameter-elevation Regressions on Independent Slopes Model (PRISM) gridded data (monthly 
normal; Daly et al, 2002; PRISM Climate Group., 2016) and daily data from 109 climate stations 
centered on the watershed. The PRISM data were used to develop a spatial interpolation model 
that allowed for filling in many data gaps both spatially and temporally. This method was used 
to develop daily climate data for water years 1948-2010. 
 
In contrast, the new USGS SRPHM v1.0 (which extended the model period through end of 2015) 
uses a station based climate input approach, where daily precipitation and minimum and 
maximum air temperature are provided at the locations of two climate stations within the 
basin, and then a spatial interpolation model is applied to these inputs directly within PRMS to 
define daily climate inputs at each model cell.  The two station locations are at the Santa Rosa 
and Windsor California Irrigation Management Information System (CIMIS) stations (Table 8).   
  
Although SRPHM v1.0+ uses station data time series as its input, the version of the updated 
input time series that the USGS extended through 2015 were actually derived from an extended 
gridded daily climate set developed in the same manner as for the SRPHM 1.0 model. 
Interpolated time series for these two station locations were extracted from this extended 
gridded data set. To update the climate input through 2018 (or for future updates) with this 
approach requires acquiring updated data through 2018 for all 109 climate stations used by the 
USGS and performing the data-processing steps to generate the full gridded daily data set. This 
would have been time consuming for a short period of the model update; therefore, a more 
simplified approach was implemented. The USGS SRPHM 1.0 input data time series for the two 
stations were compared with time series derived from the gridded PRISM daily data 
(interpolated to the coordinates of each station) for the 2010-2015 time period and showed 
good agreement. On this basis, the updated time series for the two station locations are based 
on interpolation to the station locations directly from daily PRISM gridded data. Though the 109 
stations are not explicitly used as climate inputs here, observed climate data within and around 
the model domain are incorporated into the development of the PRISM model. The PRISM daily 
data sets only extend to January 1, 1981; therefore, the original USGS SRPHM v1.0 time series 
values are used for 1974-1980. The updated climate inputs used in the model update are shown 
in Figure 15, with the resulting water year 2015 to 2018 precipitation updated for SRPHM 1.0+ 
shown in Figure 16, Figure 17, Figure 18, and Figure 19. 
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Table 8 CIMIS Climate Stations in SRPHM 
 

CIMIS 
Station 

# 

DWR 
Regional 

Office 

Station 
Name 

County Latitude Longitude Elev 
(ft) 

Status Connect 
Date 

Disconnect 
Date 

83 NCRO Santa 
Rosa 

Sonoma 38.4035
5 

-
122.7999

31 

80 Active 1/1/1990 Active 

103 NCRO Windso
r 

Sonoma 38.5268
22 

-
122.8138

86 

90 Active 12/14/19
90 

Active 

  
 
 

 
Figure 15 Updated Climate Inputs for the SRPHM v1.0+ 
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Figure 16 Water Year 2015 Precipitation for the SRPHM 1.0+ 
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Figure 17 Water Year 2016 Precipitation for the SRPHM 1.0+ 
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Figure 18 Water Year 2017 Precipitation for the SRPHM 1.0+ 
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Figure 19 Water Year 2018 Precipitation for the SRPHM 1.0+ 

 
1.3.2 Recycled Water Deliveries 

Recycled water deliveries applied as irrigation were previously simulated in SRPHM v1.0 by 
adding the delivered water to the daily precipitation grids. Recycled water use has now been 
separated and is represented by adding recycled water volumes to the soil zone through a new 
input file using the PRMS Water Use Input Module. The use of this module also accounts for 
irrigation with recycled water when estimating rural pumpage with the Ag Package.  
Monthly records on the application of treated wastewater from the Town of Windsor and the 
city of Santa Rosa used for irrigation, also referred to as recycled or reclaimed water, were 
compiled by the USGS for water-years 1990 through 2017 for use in the SRPHM 1.0. Data for 
2018 were estimated based on using monthly averages of the data from the previous three 
years. The SRPHM 1.0 data do not include recycled water deliveries from the Airport-Larkfield-
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Wikiup Sanitation Zone and these were not updated in SRPHM 1.0+. For the most part, land 
irrigated with recycled water was within the Laguna de Santa Rosa 100-year flood-plain area, 
and is used for both landscape and agricultural irrigation (as seen on Figure 21 of USGS, 2013). 
The annual volume of recycled water used for irrigation averaged about 10,200 acre-ft.  
 

1.3.3    Septic Return Flows 
The original USGS SRPHM does not include septic return flows. The model was updated here to 
include septic return flows by recharging 80% of indoor water use to the first model layer 
(O’Conner Environmental, Inc. 2018) using the Flow and Head Boundary (FHB) package. The 
FHB package assumes that recharge occurs immediately and by utilizing this approach the delay 
of infiltrated septic water as it moves through the unsaturated zone is not simulated. This delay 
could be important for when a parcel is newly developed and there is a delay as the infiltrated 
water moves through the unsaturated zone. After a period of time, likely a year or less, 
depending on the rate of flow and the hydraulic conductivity of the unsaturated zone, recharge 
from septic infiltration becomes nearly continuous. The growth, locations and timing of the 
septic return flows mimic indoor rural domestic groundwater use described earlier. See Figure 3 
for locations where groundwater pumping supplies water for indoor water use. 

 
Calibration  Results 

 
After changing groundwater pumping, PRMS parameters, and other properties mentioned in 
this report, it is expected that the model will have different simulated results than SRPHM 1.0.   
Simulated groundwater levels are compared with observed groundwater levels to determine if 
the model remains relatively well-calibrated, or if model properties need to be adjusted to 
improve simulation capabilities.  The two types of calibration observations are groundwater 
levels and streamflows.  There are 111 groundwater wells for which the model simulates 
groundwater levels, and here we emphasize a subset of the key observation wells identified by 
Wolfenden and Nishikawa (2014) and the representative monitoring points used in the GSP. 
The key wells along with the other groundwater level hydrographs were updated in SRPHM 
1.0+ through 2018.  
 

Groundwater level hydrographs 
 
The shallow groundwater level hydrograph in Figure 20 (SRP0357) near the town of Sebastopol 
shows a reasonable representation of the shallow groundwater levels. This well was not part of 
the original USGS study and therefore is a good representation of the updated model’s ability 
to simulate groundwater levels in areas where it was not part of the calibration assessment. 
Figure 21 shows the hydrograph for SRP0359 and is located within the same borehole as 
SRP0357 as part of a nested well. This well is a medium depth well and also indicates that the 
model is capable of simulating groundwater levels in a location for which the model was not 
originally assessed for calibration. Because the shallow and deeper groundwater levels at this 
location are both reasonably simulated, the hydraulic gradient between these depths should be 
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well represented in the model. Groundwater movement is controlled by gradients, so this is an 
important consideration and a favorable model result. 
 
 Figure 22 displays the groundwater level hydrograph for a well located southeast of 
Rohnert Park.  Both the observed and simulated hydrographs display a groundwater level 
rebound following the decrease in groundwater pumping in the area. The rebound in 
groundwater levels is very well represented by the simulated hydrograph, as well as the 
seasonal variations that occur in addition to the long-term changes.  
 
 Finally, Figure 23 depicts a model bias for well SRP0117 located in southeastern Santa 
Rosa. Here groundwater levels are about 25 feet too low, compared to the observed data for 
that location.  

 
Figure 20 Groundwater level hydrograph simulated by SRPHM 1.0 and SRPHM 1.0+, and observed groundwater 
levels for SRP0357, Representative Monitoring Point 
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Figure 21 Groundwater level hydrograph simulated by SRPHM 1.0 and SRPHM 1.0+, and observed groundwater 
levels for SRP0359, Representative Monitoring Point 
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Figure 22 Groundwater level hydrograph simulated by SRPHM 1.0 and SRPHM 1.0+, and observed groundwater 
levels for SRP0117, Representative Monitoring Point 
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Figure 23 Groundwater level hydrograph simulated by SRPHM 1.0 and SRPHM 1.0+, and observed groundwater 
levels for State Well ID 07N08W35K1 , Key Well
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One way to display groundwater level results is to plot the observed versus the 
simulated groundwater levels. If an observed groundwater level matches its simulated value, 
then the point will plot on the 1:1 line, whereas simulated values that are too high will plot 
above the 1:1 line, and simulated values that are too low will plot below the 1:1 line. Overall 
the errors should be distributed symmetrically about the 1:1 line reflecting a lack of bias in the 
simulation results.  Figure 24 depicts the observed versus simulated groundwater levels for 
wells located within the Subbasin along with the 1:1 line in red. Additionally the figure shows 
that the Root Mean Square error for these results increased from 20.91 feet in SRPHM 1.0 to 
21.84 ft in SRPHM 1.0+. The median residual did not change between SRPHM 1.0 to SRPHM 
1.0+, though the average residual became slightly more negative.  These results are reflected in 
Figure 24 which shows little difference between the density of residuals about the 1:1 line, 
reflecting a model that has a small but reasonable bias in overestimating groundwater levels. 
The small increase in the bias is likely a result of the decreased groundwater pumping from 
SRPHM 1.0 and SRPHM 1.0+, which would cause groundwater levels to increase.  

 
 

 
Figure 24 Observed versus simulated groundwater levels for the SRPHM 1.0 and SRPHM 1.0+ 

 
The difference between a simulated and observed value is known as the residual. The average 
residuals for all wells is shown in Figure 25, with the key calibration wells emphasized with grey 
boxes. A perfect simulation would have small residuals for all wells, and if any residuals were 
large, they would be randomly spatially distributed and not clustered in zones. At 18 of 38 of 
the key well locations the absolute groundwater level residual is less than 10 feet. As seen in 
the map, there are not any clusters of wells with correlated biases that cover large areas of the 
Subbasin model domain, indicating there is not significant spatial bias in the model. There is 
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one small cluster in the southern area west of Rohnert Park and another cluster of three wells 
east of the Santa Rosa Airport. These clusters are small and could potentially reflect too much 
pumping in the Airport area (positive residual) and too little pumping west of Rohnert Park 
(negative residual). 
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Figure 25 SRPHM 1.0+ Mean Groundwater level Residuals, 1974 to 2018 
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Stream Calibration 
Streamflow is an important component for the GSP. It is also an important calibration metric 
because it incorporates a number of hydrologic processes that the model must simulate. 
Streamflow integrates precipitation volumes and distribution, actual evapotranspiration, 
aquifer hydraulic properties, and groundwater pumpage, amongst other processes. Fortunately 
for the Subbassin there are a large number of USGS stream gages that are, or have historically, 
operated within or just outside of the Subbasin. A map of the stream gage locations is shown 
on Figure 26. The calibration assessments for each of the gages is shown on Figure 26, Figure 
28, Figure 28, Figure 29, Figure 30, Figure 31, Figure 32, Figure 33, Figure 34, Figure 35, for 
Brush Creek At Santa Rosa (11466065), Colgan Creek Near Santa Rosa  (11465690), Colgan 
Creek Sebastopol  (11465700),  Copeland Creek at Rohnert Park (11465660), Laguna de Santa 
Rosa at Stony Point Roadd Nearr Cotati (11465680), Laguna de Santa Rosa Creek Near 
Sebastopol  (11465750), Mark West Creek Near Mirabel Heights  (11466800), Mark West Creek 
Near Windsor  (11465500), Matanzas Creek at Santa Rosa (11466170), and Santa Rosa Creek at 
Willowside Road Near Santa Rosa (11466320), respectively. Brush Creek discharge reflects 
inflows from outside of the subbasin, and as seen in Figure 27, the simulated discharge data 
matches the observed very well, including the flow duration curve, the observed versus 
simulated, and the monthly flows. Colgan Creek near Santa Rosa, Colgan Creek near 
Sebastopol, and Copeland Creek near Rohnert Park all simulate both the low flows and high 
flows very well, with only the Colgan Creek near Sebastopol displaying a small divergence of 
flows at low flows around the 90% flow exceedance value. At that location the SRPHM 1.0+ 
performs better than the SRPHM 1.0. At the Laguna de Santa Rosa near Cotati both the SRPHM 
1.0 and SRPHM 1.0+ display discharge values greater than the observed for the top 30% of flow 
exceedance, though they display similar trends for much of the remaining curves. Importantly, 
at both Laguna de Santa Rosa gages, the SRPHM 1.0+ displays comparable discharges in the 
June through September period when groundwater dependent ecosystems are likely heavily 
reliant on groundwater discharge to streams. 

The Mark West Creek and the Matanzas Creek gages do not record summer low flows and 
therefore their calibrations are not as important here as other gages that do. Nonetheless, for 
the one year when the gages recorded summer flows, there is good agreement between the 
observed and simulated for those periods. The Santa Rosa Creek at Willowside Road near Santa 
Rosa streamgage record is very well reproduced at all but the lowest of flows. At flows below 
the 70% exceedance, the SRPHM 1.0+ has very similar exceedance, whereas at flows below 10 
cfs (90% exceedance) there is some divergence. This divergence is either a result of too high of 
groundwater discharge to streams during the summer within the groundwater basin, or too 
high of discharge from the upstream locations outside of the Subbasin. 
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When considering all of the streamflow gage records, the updated SRPHM 1.0+ is generally well 
suited at simulating the monthly flow duration curves and the monthly average flow rates for 
summer and fall discharge. There is a slight tendency to over simulate pumping during these 
low flow periods, and bias may need to be accounted for when using the SRPHM for 
assessments of surface water depletion and other surface water processes. 
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Figure 26 USGS stream gage locations and their site identifiers 
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Figure 27 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Brush Creek at Santa Rosa 
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Figure 28 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Colgan Creek near Santa Rosa 
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Figure 29 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Colgan Creek near Sebastopol 
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Figure 30 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Copeland Creek at Rohnert Park 
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Figure 31 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Laguna de Santa Rosa at Stony Point Road Near Cotati 
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Figure 32 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Laguna de Santa Rosa Creek Near Sebastopol 
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Figure 33 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Mark West Creek Near Mirabel Heights 
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Figure 34 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Mark West Creek Near Windsor 
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Figure 35 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Mayacamas Creek at Santa Rosa 
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Figure 36 Simulated SRPHM 1.0, SRPHM 1.0+ and observed daily discharge, flow duration, observed versus 
simulated discharge, and monthly mean discharge for Santa Rosa Creek at Willowside Road Near Santa Rosa 
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