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MEMORANDUM 

TO: Jerry Conrow, Ojai Basin Groundwater Management Agency 

FROM: Gregory Schnaar, PhD, Daniel B. Stephens & Associates, Inc. 
 Stephen J. Cullen, PhD, PG, Daniel B. Stephens & Associates, Inc. 
  
DATE:  August 6, 2014, 2014 

SUBJECT: Ojai Basin Groundwater Model - Extended Model Simulations 

INTRODUCTION AND OBJECTIVES 

Ojai Basin Groundwater Management Agency (OBGMA) has contracted Daniel B. Stephens & 
Associates, Inc. (DBS&A) to perform predictive model simulations to assess anticipated 
groundwater elevations following drought conditions in water years 2012 through 2014.  Ojai 
received less than 10 inches of rain in consecutive water years 2013 and 2014, and less than 15 
inches in water year 2012, a condition that is unprecedented over at least the last 65 years. 

The Ojai Basin model advances basin understanding and is used by OBGMA in groundwater 
management planning.  The model was developed by DBS&A for OBGMA, with funding from a 
California Department of Water Resources (DWR) Local Groundwater Assistance (LGA) grant 
and cost sharing by OBGMA.  The model was first completed in 2011 (DBS&A, 2011) and was 
updated in May 2014 (DBS&A, 2014).   

The Ojai Basin model was developed using the MODFLOW-SURFACT computer code, which 
is an upgraded and proprietary version of the widely used U.S. Geological Survey (USGS) 
MODFLOW code.  Because recharge from precipitation significantly impacts groundwater 
levels in the Basin, the Distributed Parameter Watershed Model (DPWM), an analytical 
watershed model developed by DBS&A, was used to estimate the transient distribution and 
magnitude of recharge for input to the groundwater model.  The MODFLOW-SURFACT 
numerical groundwater model and DPWM boundaries are shown on Figure 1.  Most recently, the 
model calibration was updated to run from April 1, 1970 through December 31, 2013 (DBS&A, 
2014).  Complete Ojai Basin MODFLOW-SURFACT numerical model and DPWM 
documentation are available in earlier DBS&A technical reports (DBS&A, 2011, 2014). 

The objective of the predictive model simulations is to evaluate anticipated groundwater 
elevations in the Basin through water year 2020 (until September 30, 2020) by assuming three 
future scenarios: median precipitation conditions, continued dry conditions, and wet conditions.   
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PRECIPITATION CONDITIONS 

Annual water year precipitation data collected at the Ojai Fire Station were compiled for years 
1971 through 2013 (Table 1).  Six-year precipitation totals were also compiled (also presented in 
Table 1), consistent with the six-year extended groundwater model simulations duration (water 
years 2015 through 2020).    

Annual water year precipitation ranged from a low of 7.4 inches (2007) to a high of 49.2 inches 
(1998), with a median of 19.5 inches (2000).   

Six-year total precipitation ranged from a low of 84.8 inches (1985 - 1990) to a high of 183.7 
inches (1993 - 1998).  Median six-year total precipitation was 132.0 inches (1980 - 1985).   

Using the cumulative precipitation distribution for the 6-year periods in the historic record 1971-
2013, the median, 25th percentile, and 75th percentile were calculated.  The median represents 
the value in a precipitation data distribution that occurs at the midpoint of the distribution, such 
that there is an equal probability of falling above or below the median.  The 25th percentile is the 
statistical point in the distribution at which 25 percent of all years have less precipitation, and 75 
percent of all years have greater precipitation.  For use in the modeling scenario simulations, the 
25th percentile has been selected to represent the anticipated nominal dry-weather scenario with 
relatively low precipitation.  Similarly, the 75th percentile is the statistical point in the 
distribution at which 25 percent of all water years have greater precipitation, and 75 percent of 
all water years have less precipitation.  For use in the modeling scenario simulations, the 75th 
percentile has been selected to represent the anticipated nominal wet-weather condition with 
relatively high precipitation. 

Six-year median, dry, and wet-weather precipitation scenarios were established (Table 2) for the 
purpose of creating hypothetical future precipitation conditions that could be used to extend 
groundwater model simulations into the future. Median conditions were based on water years 
1980 through 1985, with total precipitation in that time interval totaling 132.0 inches.  Dry and 
wet-weather conditions were based on approximately 25th and 75th statistical percentiles of the 
historic precipitation record, respectively.  Six-year total precipitation for dry conditions was 
established as 111.3 inches, and for wet conditions as 146.0 inches.   

All three extended simulations (median, dry and wet) assume a similar general inter-annual 
precipitation pattern based on 1980 to 1985.  In other words, the precipitation distribution within 
the simulated future time interval is approximately proportionate to the precipitation distribution 
in the historical 1980-1985 interval, whether the predicted scenario is for the dry-, median-, or 
wet-weather condition.  Rather than create an entire hypothetical database and in order to use 
actual historic daily precipitation and climatic data, individual years of record were selected for 
the dry- and wet-weather scenarios that matched the 1980-1985 proportionate distribution as 
closely as possible. The years from the historical record that are used to represent the dry-, 
median-, and wet-weather condition are shown in Table 2.  
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In all scenarios, the water year 2015 is assumed to be relatively wet (27.6 to 32 inches 
precipitation); water year 2016 is dry (13.1 to 16.0 inches precipitation); 2017 similar to median 
(16.0 to 20.4 inches precipitation); 2018 wet to extremely wet (32.0 to 48.6 inches precipitation); 
and 2019 to 2020 exhibit extended dry (drought) conditions (11.4 to 14.5 inches precipitation).    

EXTENDED MODEL SIMULATIONS 

Extended model simulations were established to run from January 1, 2014 through September 
30, 2020.  DPWM model simulations were conducted for this timeframe to estimate recharge 
from precipitation and irrigation for the median, dry and wet-weather hypothetical scenarios.  
For each DPWM simulation of hypothetical future scenarios, daily precipitation and climatic 
conditions were copied from applicable historical water years, as given in Table 2 for water years 
2015 through 2020.  Observed daily climate records were used for January through June, 2014.  
Summer conditions for July through September 2014 were represented using the July - 
September 2012 data (summer conditions have low variability with very little to no 
precipitation). 

Numerical groundwater model simulations were conducted for the median, dry and wet-weather 
scenarios.  Numerical groundwater model input parameters for recharge from precipitation and 
irrigation were accessed from the DPWM simulations.  In all cases, groundwater extraction rates 
were set equal to 2012 rates (obtained from the OBGMA well database; OBGMA, 2014).  All 
other model parameters were consistent with the updated model calibration (DBS&A, 2014).  

Model results are plotted as depth-to-water hydrographs for selected observation wells (Figures 2 
through 5).  Hydrographs display historically observed groundwater level data, model calibration 
results, and extended model predictive simulations.   

Observation Well #1 is located in the central portion of the Basin, and is the Ventura County 
Watershed Protection District “key well” for the Basin.  Groundwater levels are available at 
Observation Well #1 beginning in 1949 (Figure 2).  Observed December 2013 groundwater 
levels (most recent observation) at this location were as low as they have been since 1965.  For 
the median-precipitation predictive simulation, groundwater levels are modeled to rise 
approximately 40 to 50 feet following hypothetical wet years (assumed 2015, 2018), decline 
following hypothetical dry years, and are similar to 2013 levels at the end of the model 
simulation period.   For the wet-weather simulation, groundwater levels rise significantly in the 
hypothetical extremely wet year (assumed 2018, 48.6 inches precipitation) and are similar to 
2012 levels at the end of the simulation period, still relatively low compared to the longer 
historical record.  For the dry-weather simulation, groundwater levels are lower at the end of the 
simulation period than observed groundwater levels since 1961.  

Observation Well #2  is located in the Ojai City (Golden State Water Company) municipal well 
field in the central area of the Basin, and groundwater levels are significantly impacted by 
extraction (Figure 3).  Observed groundwater levels of 155 ft bgs (most recent observation) in 
March 2014 are lower than any historically measured levels (1972 to present) other than one 
anomalous measurement in 1996.  For the median-conditions predictive simulation, groundwater 
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levels fluctuate from 189 to 115 ft bgs, and are 180 ft bgs at the end of the simulation, 25 ft 
lower than March 2014.  For the wet-conditions simulation, groundwater levels rise on an 
average basis, and are 144 ft bgs at the end of the simulation.  Dry-conditions simulation results 
in a depth to water of 244 ft bgs at this location at the end of the simulation, 89 feet deeper than 
March 2014.    

Observation Well #3 is located in the northwestern portion of the Basin, which exhibits less 
groundwater level fluctuation as compared to the more heavily pumped central portion of the 
Basin (Figure 4).  Groundwater levels in March 2014 (most recent observation) were 52.6 ft bgs, 
which is similar to levels observed in previous recent dry years (2002, 2009).  At this location, 
median predictive simulations exhibit a net rise in groundwater levels, to 42 ft bgs at the end of 
the simulation period; dry and wet-weather simulations result in 68 and 27 ft bgs groundwater 
levels, respectively, at the end of the simulation period. 

Well Observation Well #4 is located in the southern portion of the Basin, and it also exhibits 
lesser fluctuation as compared to the central portion of the Basin (Figure 5).  Observed 
groundwater levels of 85.6 ft bgs in March 2014 (most recent observation) at this location were 
lower than any measurements in the historical record (1972 to present).  The median-condition 
predictive simulation indicates a continued net decline at this well, with groundwater levels 104 
ft bgs at the end of the simulation period.  Dry and wet-weather simulations result in 152 and 74 
ft bgs groundwater levels, respectively, at the end of the simulation period.  

SUMMARY 

Predictive model simulations were conducted to evaluate groundwater level trends for 
hypothetical precipitation scenarios for future water years 2015 to 2020, assuming median, wet-
weather and dry-weather conditions.  Results are presented as groundwater level hydrographs 
that display depth-to-water for four representative wells (Figures 2 through 5).  As expected, 
groundwater levels fluctuate based on precipitation increases during hypothetical wet years 
(2015, 2018), and decline during hypothetical dry years (2016, 2019, 2020).   

Median precipitation condition scenarios predict an overall net decline over the simulation period 
for the central portion of the Basin near the Ojai City municipal wellfield (Figure 3) and in the 
southern portion of the Basin (Figure 5), and predict a net groundwater level rise in the 
northwestern portion of the Basin (Figure 4), and no significant net change in the eastern-central 
portion of the Basin (Figure 2).  In all cases, wet-weather scenario simulations result in a 
predicted net increase in groundwater levels; however groundwater levels are predicted to 
continue to be generally lower than those observed over the last forty years.  Dry-weather 
simulations result in a predicted continued net decline in groundwater elevations, with 
groundwater levels at the end of the simulation lower than observed groundwater levels since 
1961 for the Ventura County “key well” (Figure 2). 
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SIGNATURES  

 

 
Gregory Schnaar, PhD 
 
 
 
 
 
Stephen J. Cullen, PhD, PG (CA) 
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Figure 3

Model Calibration and Predictive Simulations
Observation Well #2
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Model Calibration and Predictive Simulations
Observation Well #3
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Model Calibration and Predictive Simulations
Observation Well #4

OJAI BASIN GROUNDWATER MODEL

JN WR12.00198/5/2014 
Daniel B. Stephens & Associates, Inc.

S:\PROJECTS\WR06.0031.01_OBGMA\GIS\MXDS\MODEL_UPDATE_JULY2014\FIGURE_05_OBS_WELL_4.MXD



Tables 

 



                                Daniel B. Stephens & Associates, Inc.

Water Year Precipitation (inches)
6‐yr Precipitaiton 

Total (inches)

1971 20.8 ‐

1972 11.3 ‐

1973 32.0 ‐

1974 20.5 ‐

1975 22.5 ‐

1976 15.6 122.7

1977 12.6 114.4

1978 48.6 151.8

1979 24.6 144.3

1980 30.5 154.3

1981 14.5 146.4

1982 18.0 148.8

1983 43.1 179.3

1984 13.1 143.8

1985 12.8 132.0

1986 25.7 127.2

1987 7.7 120.4

1988 17.9 120.2

1989 11.3 88.5

1990 9.5 84.8

1991 19.2 91.3

1992 28.2 93.7

1993 41.4 127.5

1994 13.7 123.3

1995 42.4 154.4

1996 16.0 160.9

1997 21.0 162.7

1998 49.2 183.7

1999 13.0 155.2

2000 19.5 161.0

2001 27.6 146.2

2002 7.8 138.0

2003 20.4 137.4

2004 13.1 101.2

2005 43.8 132.1

2006 23.9 136.5

2007 7.4 116.4

2008 20.6 129.2

2009 12.9 121.7

2010 24.1 132.7

2011 29.3 118.2

2012 11.4 105.6
2013 9.1 107.3

132.0

Historical Precipitation (Ojai Fire Station)

Median

Table 1

 



                                Daniel B. Stephens & Associates, Inc.

Precipitation (inches) Basis Precipitation (inches) Basis Precipitation (inches) Basis

January ‐ June 2014 7.9 Observed 7.9 Observed 7.9 Observed

July ‐ September 2014 0.01 Summer (typical)2 0.01 Summer (typical)2 0.01 Summer (typical)2

2015 27.6 2001 30.5 1980 32.0 1973

2016 13.1 2004 14.5 1981 16.0 1996

2017 16.0 1996 18.0 1982 20.4 2003

2018 32.0 1973 43.1 1983 48.6 1978

2019 11.4 2012 13.1 1984 14.5 1981
2020 11.4 2012 12.8 1985 14.5 1981

Total (2015 ‐ 2020) 111.3 ‐ 132.0 ‐ 146.0 ‐

Notes:
1All years in reference to water year (October ‐ September)
2 Based on July ‐ September 2012

Median Precipitation
Modeled Timeframe1

Dry Precipitation Wet Precipitation

Model Predictions ‐ Precipitation Conditions

Table 2
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