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Introduction

• Agricultural industries 
dependent on irrigation water 
supply

• California’s Central Valley water 
supply integrated within a 
complex surface water 
distribution network

(Sears et al., 2017)

http://www.wbur.org/hereandnow/2015/06/23/water-cuts-california-farmers
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Larger Cities
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Groundwater Recharge Pond Basins

Irrigators

http://farmertofarmer.blogspot.com/2015/08/supporting-social-entrepreneurship-in.html

Water  Flow in Cal i fornia ’s  Central  Val ley



• Accepted that warming 
temperatures will cause 
greater amounts of 
precipitation to fall as rain 
instead of snow, decreasing 
the thickness and length of 
snowfall and increasing the 
rate at which remaining 
snowpack melts 

Climate Change and the Sierra Nevada Region

http://abc30.com/news/5-yearly-pictures-show-the-california-drought-in-yosemite/568229/

(Pavelsky et al., 2011; 
Aguado et al., 1992; 
Dettinger and Cayan, 1995; Stewart et 
al., 2003)



California’s Sustainable Groundwater 
Management Act (SGMA)

• SGMA forces groundwater 
sustainability agencies to implement 
groundwater sustainability plans 
(GSP) 

• Unknown how much availability will 
be reduced (Null et al., 2010)
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https://www.npr.org/sections/health-shots/2016/11/11/501611509/what-happens-to-medicaid-in-california-under-a-trump-
administration



Project Site

• Central Valley project’s 
Friant division which 
comprises Millerton dam 
and the Friant-Kern Canal 

• Water deliveries highly 
variable and subject to 
snowpack conditions in the 
headwaters of the San 
Joaquin River

https://www.usbr.gov/projects/index.php?id=133
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Decision-Scaling Modeling

• Decision-scaling modeling compares effects of decisions 
across range of potential conditions

• (Brown et al., 2012)

• Assign climate conditions as the state variables, to find 
range of climate variables that satisfy a certain decision 
scenario 

• (Bussi, et al., 2016)

(Brown et al., 2012)



Engineering Goals

• ‘Bottom-up’ decision scaling approach to quantify irrigator actions (fallowing, groundwater 
recharge) that will need to be taken to meet SGMA objectives under range of hydrologic and 
regulatory conditions

• Not a physical model in which a groundwater system is designed, but a creation of potential 
first-order human changes to system that could be easily monitored and credited in the 
existing groundwater system
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Methods:
3 Steps

1. Water Balance 
Model • Determines balance of irrigation water, 

groundwater recharge and groundwater 
pumping that will be available

2. Create 
Synthetic 

Streamflow Data
• Apply state variables shifting water flow earlier and 

more densely to mimic potential climate change 
scenarios

3. Calculate Net 
Groundwater 
Withdrawals 

(NGW)
• difference between groundwater 

pumping and groundwater recharge
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Water 
Balance 
Model

•Determines balance of 
irrigation water, 
groundwater recharge 
and groundwater 
pumping that will be 
available
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Create 
Synthetic 

Streamflow 
Data
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•Apply state variables 
shifting water flow 
earlier and more 
densely to mimic 
potential climate 
change scenarios



Climate State 1
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Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sept

• These two state variables, named climate state 1 and climate state 2 respectively, are investigated in the water 
balance model, accounting for different ranges of water flow shifting from spring to winter, and for different ranges 
of water flow shifting from summer to late spring



Climate State 2
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• 20 unique synthetic hydrologic scenarios were generated by combining different magnitudes of each state variable 
combination



Modeling SGMA’s Effect on NGW

• Look at the different combinations of monthly irrigation demand reduction and changes in recharge area 
availability to observe changes in average NGW, in order to comply with SGMA objectives and end up a 
presumed increased water supply
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Calculating Net 
Groundwater Withdrawals 

(NGW)

•difference between 
groundwater pumping 
and groundwater 
recharge
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Results
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Results (Cont’d)

• Showed greater 

groundwater 

withdrawals 

(increased by 

approximately 29%) 

when the most 

extreme climate state 

is applied . 0
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Base Case Versus Most Extreme Climate Scenario
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Discussion

• These hydrological cases were determined in order to resemble the most likely situation of SGMA demands being 
met while trying to attain increased water availability

• In addition to the climate change simulations, which reduced overall groundwater availability, the simulations of 
system changes confirmed past studies’ predictions on the benefit of adjusting the system parameters (Bussi et al., 
2016)

• Proved to be optimal scenarios for water users as groundwater availability is expected to be highest
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Conclusions

• In future climate states where premature flow occurs due to 
more quickly melting snowpack, adverse effects can be seen for 
water availability, which can deter farmers and irrigation 
districts from continuing their work in the agriculture industries

• New information for the case of the Millerton Dam, which may 
lead to further research to enact more climate-change –
sensitive legislation
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http://www.watereducation.org/photo-gallery/images-northern-california-tour



Future Research

• Further research is required to resolve the 
extent of the adverse affects for farmers 
and irrigation districts predicted by the 
SGMA legislation, which reduces 
pumping, plus the effects of climate 
change

• Model the effects of the financial 
implications of continuing or transforming 
land use
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http://www.watereducation.org/general-tours
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