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Introduction 

Groundwater levels in California’s Central Valley have dropped significantly over the past century due excessive 

groundwater extraction to keep up with growing populations and agricultural irrigation. Between 2013 and 2015 

California experienced the worst drought in its recorded history, resulting in additional increases in groundwater 

extraction to supplement dwindling surface water supplies. While exact quantities of extracted groundwater in 

California are unknown and difficult to quantify due to a historical absence of groundwater regulation, it is estimated 

that the fraction of groundwater used to meet agricultural irrigation demands increased from approximately 40% 

during a normal year, to over 60% during drought.  

Groundwater extraction in the Central Valley has a significant effect on its surface water supplies. As groundwater 

levels have fallen, streams which were historically net gaining streams over a century ago, are now net losing 

streams as the make their way across the Central Valley to the delta. While this indicates an increase in groundwater 

recharge at the stream beds, further decreases in streamflow and subsequently surface water availability results in 

increased groundwater extraction. Evaluating the impacts of groundwater extraction on surface water depletion is 

extremely complex, partially due to varying lag times between groundwater changes and streamflow fluctuations that 

can be on the order of decades. Using a fully integrated surface water and groundwater model we can investigate the 

impacts of groundwater extraction on the system as a whole to understand which areas may be more susceptible to 

long term depletion or which groundwater extraction areas and practices may have the largest impact on surface 

water sources. 

Modeling Approach 

For our analysis, we use a fully integrated surface water and groundwater model, Parflow, coupled with the land-

surface model CLM. Using this approach, we are not only able to evaluate changes in surface water-groundwater 

interactions under different scenarios and conditions, but also how these interactions are impacted by conditions at 

the land surface, including increased temperatures during the drought. Multiple model simulations were conducted to 

evaluate the impacts of groundwater depletion and groundwater management in the San Joaquin River basin from 

pre-drought through the 2016 water year. Two development scenarios were used as initial conditions: the baseline 

scenario evaluates pre-development conditions, with no groundwater pumping, the pumping scenario (*give this run 

a name*) used current groundwater level observations to reflect historical groundwater extraction. Four groundwater 

extraction simulations were evaluated with a baseline and pumping initial condition: a baseline case with no 

irrigation or groundwater extraction; a simple irrigation model with a set irrigation rate and equivalent groundwater 

extraction rate; estimated groundwater extraction rates calculated from the deficit between the predicted crop water 

demand, based on county land use surveys, and available surface water supplies; and a water-allocation module, 

which limited groundwater extraction to evaluate groundwater management scenarios. Using this approach, we are 

able to evaluate the sensitivity of our model to initial groundwater conditions and changes in groundwater extraction 

and management. 



Modeling Evaluation 

Model results from each simulation were compared to observed data, including stream flows and groundwater levels, 

as well as to NASA’s Gravity Recover and Climate Experiment (GRACE) data products. Using GRACE we are able 

to evaluate how model simulations compare with GRACE estimated water table declines during severe drought. 

Using this approach, we can evaluate both how the model compares with observational data and how different 

groundwater extraction scenarios affect groundwater overdraft and streamflow. Additionally, following recent efforts 

in California to regulate groundwater use, such as the Sustainable Groundwater Management Act (SGMA), model 

results can help inform future groundwater management efforts by helping to untangle the complex interactions 

between groundwater and surface water supplies, critical for evaluating existing water rights and determining the 

maximum sustainable groundwater withdrawals. This study informs sustainable groundwater use, with an emphasis 

on groundwater management during severe climatic conditions. 

 


