
Using Climate Information to Influence Decision-Making

• Water deliveries highly variable and subject to snowpack conditions in the 

headwaters of the San Joaquin River

• Water availability from Friant-Kern Canal = important factor in determining 

how irrigators in the Tulare Basin adapt to SGMA legislation, but hydrologic 

uncertainty related to climate change poses challenges to the planning process

• Agricultural production dependent on irrigation water provided 

by SN snowpack/ groundwater aquifers

California’s Sustainable Groundwater Management Act

• SGMA forces water Groundwater Sustainability Agencies to implement 

Groundwater Sustainability Plans (GSP)

• SGMA legislation will result in less available irrigation water and agricultural 

activity

• Not universally accepted how much availability will be reduced and impact that 

changing climate and hydrology will have on this reduction (Null et. al, 2010)

The Effect of Climate Change on Snowmelt

• Warming temperatures will cause greater amounts of precipitation as rain 

instead of snow, decreasing thickness and length of snowfall and increasing 

the rate at which the remaining snowpack will melt

• Less overall surface water will be available for irrigation 
(Pavelsky et. al, 2011; Aguado et al., 1992; Dettinger and Cayan, 1995; Stewart et al., 2003)

Introduction 
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Drought water 

supplied through 

unregulated 

groundwater

pumping 

unsustainable 

reductions 

in groundwater

storage
(Sears et. al, 2017)
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Decision-Scaling Modeling

Compares effects of decisions across 

range of potential conditions

• Scaling of climate information 

required for particular decisions 
(Brown et al., 2012)

• Relates information about future 

climate conditions to decisions of 

interest

• “Bottom-up” risk assessment 

approach that begins with metrics 

defined for stakeholders to separate 

degrees of acceptable system 

performances (Bussi, et. Al, 2016)

• Assign climate conditions as the 

state variables, to find range of 

climate variables that satisfy a 

certain decision scenario. 

(B
ro

w
n

 e
t 

al
., 

20
12

)

• ‘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 physical model in which a groundwater system is designed, but creation of 

potential first-order human changes to system that could be easily monitored 

and credited in the existing groundwater system

Engineering Goals

• 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

• Look from a purely financial approach

Further Research

• Increasing both climate state variables by 30 % caused greatest increases in 

NGW

• Demonstrates that in the case where irrigation demands decrease and 

recharge area increases, more water is available

• This hydrological case is determined in order to resemble the most likely 

situation of SGMA demands being met (when groundwater availability is 

highest)

Discussion

• Cases in which recharge areas increase and demand is reduced offer the 

optimal scenarios for water users as groundwater availability is expected to 

be highest then

• In cases where groundwater availability is expected to be lowest, SGMA 

legislation and climate change alike, when considering the best-case 

scenarios for water availability, when demands are reduced and recharge 

area has increased, foreshadow decreased groundwater availability

• In future climate states where flow is both shifted from spring to winter 

months, and excess flow is present in the spring due to more quickly 

melting snowpack, adverse effects can be seen for water availability, which

Conclusion

• Tulare Basin takes advantage 

of surface water imports to 

reduce reliance on 

groundwater for irrigation

• Central Valley Project’s Friant 

Division, comprising 

Millerton Dam and the Friant 

Kern Canal to import up to 

2.2 million acre-feet/yr. of 

surface water to agricultural 

contractors
https://wiki.ewater.org.au/display/SD41/Australian+Water+Balance+Model+%28AWBM%29+-+SRG

• Shows with the most 

extreme climate case, 

in which flow is both 

shifted from spring to 

winter months, and 

excess flow is present 

in the spring due to 

more quickly melting 

snowpack, there will be 

less available 

groundwater, which 

could harm irrigation 

districts and 

independent farmers. 

can deter farmers 

and irrigation 

districts from 

continuing their 

work in the 

agriculture 

industries

https://www.youtube.com/watch?v=hlu4isAVUNA



Methods

Results

Water 
Balance 
Model

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

Create 
Synthetic 

Streamflow 
Data

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

Input 
Leakages and 

Injections

• consider outflows for 
Millerton Dam, including 
environmental releases, 
flood control regulations, 
irrigation, recharge pond 
storage and spillage

Calculate Net 
Groundwater 
Withdrawals

• difference between 
groundwater pumping 
and groundwater 
recharge

Fig. 1: Creating the Water Balance Model, considering irrigation deliveries, 
groundwater pumping, groundwater recharge, environmental releases and spillage

Fig. 2: Creating a synthetic streamflow time series for the Millerton Dam, shifting flow from April-July to October-March and from 
June-July to April-May simultaneously in different amounts to evaluate potential scenarios that consider climate change patterns

Fig. 3: Taking into account outflow and inflow quantities that contribute to 
changing surface water levels at the Millerton Dam and inputting these 
calculations within the Water Balance Model

Fig. 4: Imbedding the synthetic streamflow data into the 
Water Balance Model, then calculating net groundwater 
changes for different variations of Irrigation demand, and 
recharge pond area size combinations

0

20

40

60

80

100

120

1 2 3 4 5

Vo
lu

m
e 

(t
ho

us
an

ds
 o

f a
cr

e-
fe

et
)

State Variable 1

Average Net Groundwater Change

Series1

Series2

Series3

Series4

Figure 6 Average NGW for 20 different climate scenarios (each denoted by one bar). 
Increasing values of state variable 1 indicate increasing water flow shifts from spring to 
winter. The recharge pond area size is increased 10 fold, while irrigation demands are 

reduced by 30% in this simulation. 
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Figure 5 Average NGW for 20 different climate scenarios (each denoted by one bar). 
Increasing values of state variable 1 indicate increasing water flow shifts from spring 
to winter, while increasing series of state variable 2 indicate earlier flow of snowpack 

from summer to late spring months. 

• Showed greater groundwater 

withdrawals (increased by 

approximately 29%) when the most 

extreme climate state is applied 

Figure 7: Climate Scenario 1 illustrates simulated average net groundwater withdrawals when recharge area= 0.4 thousand acres, no climate change accounted for, and with a 30% reduction in monthly 
irrigation demands. Climate scenario 2 illustrates simulated average net groundwater withdrawals when recharge area= 0.4 thousand acres under the most extreme climate state, and with a 30% reduction in 

monthly irrigation demands. 
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Modeling Climate Change’s Effect on Net Groundwater Withdrawals

• The potential effects of climate show two possible effects 

• 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

• 20 unique synthetic hydrologic scenarios were generated by combining different magnitudes of each state variable combination, to determine their effects on average NGW

Modeling SGMA’s Effect on Net Groundwater Withdrawals

• SGMA objectives must be met, and thus the most likely situation of this being possible would be when groundwater changes are lower (from reducing irrigation demands and increasing recharge 

pond area)

• Look at the different combinations of monthly irrigation demand reduction and changes in recharge area availability to observe changes in average NGW

• Compare base case of data with reduced demands with most extreme climate-informed scenarios with reduced demands would demonstrate the greatest range of NGW values. 
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