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The sustainability-productivity tradeoff: Water supply vulnerabilities and adaptation opportunities in 
California’s coupled agricultural and energy sectors 

Project Description 1 

Proposed Research Plan 
1.0 INTRODUCTION 

Motivation: The interdependence of water availability, agricultural production, and electric 
power generation is well established, yet it remains a fundamental challenge to understand how decisions 
or resource disruptions in any one of these sectors impact the system as a whole.1,2 Nowhere is this 
challenge more pressing than California, which, despite its chronic water scarcity, continues to lead the 
nation in agricultural production by a factor of two.3 In California, nonstationary climate is expected to 
increase the frequency and severity of drought, with highly uncertain impacts on the quantity and timing 
of available surface water.4–6 The subsequent effects on statewide electricity generation and agriculture in 
the Central Valley are closely linked. Surface water availability in the Central Valley is largely driven by 
snowmelt from the Sierra Nevada, which is stored and distributed via an expansive network of reservoirs 
and aqueducts to irrigation districts that allocate the majority of water to farmers. During drought, 
irrigators pump groundwater to recoup lost surface water supply (Figure 1a and 1b). As a result, 
electricity demand from groundwater pumping rises 33% during drought years, primarily during summer 
months when urban electricity demands also peak (Figure 1c). Reduced runoff from upland watersheds 
also translates to less hydropower generation (nearly 20% of the state’s installed capacity), forcing 
electric utilities to rely on more expensive natural gas generation7–9 (Figure 1d). The combination of 
higher electricity demand and increased reliance on natural gas causes spikes in power system costs and, 

ultimately, higher electricity prices.10 This confluence of factors forces irrigators to pump significantly 
more groundwater when electricity costs are highest, which becomes still more expensive if groundwater 
levels continue their historical decline (Figure 1b). These financial risks impact decision-making at both 
the irrigation district and individual farm level, with serious implications for the long-term economic 
viability of California’s agricultural sector.11–13 In the past, drought-related losses would be managed 
through water supply enhancement, but the costs and environmental regulations surrounding new storage 
infrastructure (i.e., reservoirs) are now prohibitive.14,15 Instead, recent findings by our research team 
highlight the value of “soft” water management policies16—including regionally coordinated 
conservation, water transfers, and financial instruments (e.g., index insurance)—to manage water scarcity 
risks.17–20 Ultimately, California must identify similar strategies at a much larger scale to balance 
agricultural productivity with more stable and sustainable patterns of water and electricity consumption, 
and do so within a context of regulatory and climatic uncertainty. Achieving this will require integrated 
decision making across the coupled “water-power-agriculture” system at state, regional, and local 
scales,21 with management decisions facilitated by a deeper understanding of the dynamic economic 
linkages between these systems and their vulnerabilities to future change.  

Figure 1. (a) Groundwater pumping substitutes for surface water supply during drought (CA DWR); (b) leading to 
unsustainable aquifer drawdown over time (USGS) (c) Groundwater pumping is a large fraction of water-related 
energy demand (CA DWR); (d) hydropower is substituted with natural gas during drought (US EIA). 

Food-Energy-Water Nexus

California as “laboratory” for exploring connections & 
implications for management
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Climate change and water resources

California Department of Water Resources. 2019. Climate Action 
Plan, Phase 3: Climate Change Vulnerability Assessment.



Environmental regulation

https://mavensnotebook.com/2017/08/31/state-water-board-
update-on-sgma-implementation/
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California Food-Energy-Water System (CALFEWS)

https://github.com/hbz5000/CALFEWS



FACT Fellowship

Project pt. 1: Making CALFEWS model more FAIR
• Goal: Make it easier for other academics & 

government employees to adopt CALFEWS for 
research &/or planning purposes

• Improve README & documentation of code 
organization on GitHub

• Improve documentation of input data sources
• Create Jupyter notebooks to introduce user to 

running code and to reproduce paper figures
• Create code-free GUI on MyGeoHub for running 

scenarios & visualizing results
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FACT Fellowship

Project pt. 2: Integrate FAIR principles into course



Python for Environmental Research course
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