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Projecting groundwater storage 
changes in California’s Central 
Valley
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Accurate and detailed knowledge of California’s groundwater is of paramount importance for 
statewide water resources planning and management, and to sustain a multi-billion-dollar agriculture 
industry during prolonged droughts. In this study, we use water supply and demand information from 
California’s Department of Water Resources to develop an aggregate groundwater storage model for 
California’s Central Valley. The model is evaluated against 34 years of historic estimates of changes in 
groundwater storage derived from the United States Geological Survey’s Central Valley Hydrologic 
Model (USGS CVHM) and NASA’s Gravity Recovery and Climate Experiment (NASA GRACE) satellites. 
The calibrated model is then applied to predict future changes in groundwater storage for the years 
2015–2050 under various precipitation scenarios from downscaled climate projections. We also discuss 
and project potential management strategies across different annual supply and demand variables 
and how they affect changes in groundwater storage. All simulations support the need for collective 
statewide management intervention to prevent continued depletion of groundwater availability.

California has a complex and storied history of water management. A statewide plan of water storage, infra-
structure, and conveyance has ensured for many decades a steady supply of surface water to satisfy demands of 
the more arid Central and Southern parts of the state. However, in recent years, urban, agricultural, and envi-
ronmental demands in California have exceeded the natural renewable supply. To date, this gap between the 
available statewide surface water supply and the growing water demand has been met primarily by extraction of 
non-renewable groundwater resources, which includes all forms of groundwater stored below the vadose zone 
and encompasses both phreatic and confined water. Yet, this pragmatic solution can have dire consequences 
as continued groundwater extraction depletes subsurface reservoirs, an environmental consequence that is 
being observed globally in semi-arid regions with highly-variable precipitation1–7. The protection of California’s 
groundwater resources is critical for sustaining the state’s livelihood, ecology, and agricultural production, and is 
key to preventing potentially harmful regional economic impacts that severe water shortages can cause.

California’s Central Valley (CV), depicted in Fig. 1, is the most productive agricultural area in the United States 
and has already witnessed significant groundwater depletion. Annually, at least 40 percent or more of the CV’s 
water supply comes from groundwater, which is primarily used to meet agricultural demand8. The groundwater 
extracted for irrigation often exceeds the natural recharge, leading to declines in the groundwater table9–12. This 
impact has been even more pronounced during prolonged dry periods when groundwater reliance increases. In 
addition to agriculture, the CV has a growing population that increases demands on the region’s water resources. 
Data from the United States Geological Survey (USGS) shows that between 1962 and 2003 groundwater use 
increased from 0.75 to 2.5 km3 per year9. This mounting reliance on groundwater has continued with depletion 
rates as high as 32 mm per year despite the implementation of various urban conservation measures and an 
increasing use of surface water4,9,10.

Although livelihoods in and the economy of the CV depend in large part on the availability of groundwater, 
detailed year-to-year data on how much water is being extracted and used is largely lacking, particularly when 
viewed in comparison to surface water resources. Groundwater monitoring networks do not exist at the same 
scope and scale for those that track surface water13. In fact, no comprehensive framework for monitoring the 
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