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Accurate estimation of groundwater (GW) budgets and e�ective water management of agricultural GW pumping re-
mains a challenge in much of California’s Central Valley (CV) due to lack of irrigation well metering. The Central Valley Hy-
drologic Model (CVHM) and the Central Valley Groundwater-Surface Water Simulation Model (C2VSim) are two region-
al-scale, integrated hydrologic models developed by the USGS and CA Dept. of Water Resources (DWR), respectively, that 
provide estimates of historical CV distributed agricultural groundwater pumping rates. However, both models estimate 
GW pumping using conceptually di�erent agricultural water models with uncertainties that have not been adequately 
investigated. With the passage of the 2014 Sutainable Groundwater Management Act (SGMA), agricultural pumpers and 
irrigation districts will form Groundwater Sustainability Agencies (GSAs) to manage groundwater overdraft at the local 
level. In the absence of measured pumping data, both the GSAs and DWR will likely look to CVHM and/or C2VSim for 
guidance in managing GW basins.

The CV aquifer system comprises 3 regional aquifers, and DWR has additionally designated 
21 aquifer subregions within the CV aquifer system (�g. 3). Here, we evaluate di�erences in 
the magnitude and timing of estimated distributed agricultural GW pumping and changes 
in GW storage at both the subregional and regional scale during a 40-yr period 
from1962–2003. Model agreement was determined using the coe�cient of determination 
(r-squared) for estimated agricultural pumping and changes in GW storage at monthly and 
yearly timescales for both the sub-regional and regional scales (e.g., �g. 4). 

Annual estimated agricultural pumping volumes and cumulative changes in GW storage are 
shown for both DWR subregions and for the regional aquifer systems in �g. 5–8. In general, 
model agreement improves at the regional aquifer scale as compared to the sub-regional 
scale for both estimates of pumping and for estimates of change in storage; both the overall 
trends and relative magnitudes are in better agreement at the larger scale. Both CVHM and 
C2VSim show better agreement in the southern part of the valley than for the Sacramento 
Valley. There is minimal agreement between colocated sub-regional and regional r-squared 
values for GW pumping and change-in-storage estimates(�g. 9).

Both CVHM and C2VSim couple GW �ow models with agricultural water water models to estimate agricultural GW pump-
ing as the residual of all other water budget components (�g. 1). Model di�erences include the estimation of ET require-
ments and representation of soil-moisture conditions. CVHM partitions ET demand, while C2VSim uses a bulk ET rate.  
CVHM assumes steady-state soil-moisture conditions, and simulates deep percolation as a function of irrigation ine�-
ciencies, while C2VSim simulates deep percolation as a function of transient soil-moisture storage conditions. CVHM also 
utilizes �ner spatial discretization (�g. 2). These important di�erences contribute to observed di�erences in estimated GW 
pumping and GW storage.
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Figure 1: Conceptual diagram of modeled
water budget components. 

Figure 2: Overlapping discretization of subregions
1–7 for CVHM and C2VSim.

Figure 3: DWR water balance
subregions (left), and regional
aquifer systems (right).

Figure 4: CVHM vs. C2VSim estimated annual 
pumping to determine r-squared values for  
comparison of model agreement
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Di�erences in estimated GW pumping and change-in-storage for each model are signi�cant and likely re�ect 
discrepencies in model architecture, model discretization, and input parameters. Other studies have highlight-
ed important di�erences in how each model handles ET and the exchange of water through the root zone. 
Both models provide insight into relative magnitudes and long-term trends for these important water budget 
components, especially at the regional scale. However, generally poor agreement is observed at the sub-re-
gional scale, which highlights the need for GSAs to use a suite of tools to determine accurate water budget 
conditions at the sub-regional scale. 

It is important to note that this analysis does not provide insight into model accuracy for these estimates. 
Rather, the analysis serves to highlight model di�erences and provide some general uncertainty bounds for 
these estimates. Without regional measured GW pumping data, model validation remains di�cult and true 
values for GW pumping remain largely unknown. 

Figure 5: R-squared values for CVHM and C2VSim estimates of  annual agricultural GW pumping at the subregional scale 
are shown along with time-series data of estimated pumping (acre-ft/yr; CVHM = blue, C2VSim = orange) for selected 
subregions. 

Figure 6: R-squared values for CVHM and C2VSim estimates of annual agricultural GW pumping at the regional 
aquifer-system scale are shown along with time-series data of estimated pumping (acre-ft/yr; CVHM = blue, 
C2VSim = orange) for each aquifer system. 

Figure 7: R-squared values for CVHM and C2VSim estimates of cumulative change in GW storage at the subregional scale 
are shown along with time-series data of estimated change in storage (acre-ft/yr; CVHM = blue, C2VSim = brown) for 
selected subregions. 

Figure 9: R-squared values for CVHM and C2VSim estimates of cumulative change in GW storage at the regional 
aquifer-system scale are shown along with time-series data of estimated change in storage (acre-ft/yr; CVHM = blue,
C2VSim = brown) for each aquifer system. 

Future Research

References

Acknowledgements

Figure 9: Estimated pumping vs. estimated change-
in-storage r-squared values for modeled subregions
and regional aquifers
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We plan to compare additional water budget components (e.g., ET and recharge) and evaluate sensitivity of 
input parameters for each model to provide greater insight into model di�erences. Additionally, both USGS 
and DWR are in the process of developing improved versions of CVHM and C2VSim that will be released in the 
upcoming year.  
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