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Introduction



70% of global  
water withdrawals are for 

agricultural  purposes

Groundwater accounts for  

up to 40% of irrigation 
water across China’s northern region

In India, approximately  

90 million rural 
households depend on groundwater

As much as 16% and 30% 
of the US’s irrigation water



McGuire (2014)

Groundwater-Level Changes Since 1950

•  The area-weighted average water level 
declined by 25.5 feet in Kansas

•  Up to 150 feet in Finney County, KS, and 
more than 150 feet in nearby counties

Crops Grown in Kansas

Corn Wheat Grain sorghum Soybeans
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•  It contributed ~65.7 billion dollars to the state economy

•  Agriculture is a significant contributor

645 
million 

bushels 277 
million 

bushels 233 
million 

bushels
204 
million 

bushels

KDA (2019)



Is it sustainable?



Methods



Crop-water simulation

Daily weather data

20 Global Climate Models
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Data from 20 individual models and their average
Phetheet et al. (2020) and Abatzoglou & Brown (2012)



Crop-water simulation

Daily weather data

20 Global Climate Models
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More details: Phetheet et al. (2020) and Phetheet et al. (2021)
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User-defined parameters

Simulation 
Years

Crop 
Areas

Solar/Wind 
Energy

Installed 
Capacity

Aquifer 
Thickness

Climate 
Model

Import

Calculations (NetLogo programming)

• Historical crop yield 
• Projected crop yield 
• Historical crop price 
• Crop expenses 
• Crop insurance

• Operation and 
maintenance cost 

• Energy production 
• Energy sale price

• Precipitation 
• Applied irrigation 
• Data-driven conversion 
• Groundwater impact 
• Surface-water 

contamination

Outputs

Crop production

Crop 
net income

Income from 
crop insurance

Farm energy income

Energy net income

Crop groundwater irrigation

Groundwater levelTotal net income (Crop + Energy)

Data-driven 
conversion



FEWCalc  
Future Process 

Future 
Process

Repeat 
Historical

Wetter 
Future

Drier 
Future

GCMs

RCP 4.5 RCP 8.5

Repeat conditions from 
2008 to 2017

Use more wet years  
from 2008 to 2017 to create  

a correlated random projection

Use more dry years  
from 2008 to 2017 to create  

a correlated random projection

Presented here!



FEWCalc NetLogo Interface 



FEWCalc NetLogo Code 



Results



Comparison: Historical vs. simulated
During 10-year base period



Crop yield and Irrigation Demand under climate models

Irrigated corn Irrigation demand



Projected Trends and Variability



FEWCalc Prediction
RCP 4.5

RCP 8.5



Conclusions



Energy resources have potential to support local farm system, especially in the areas  
where the energy production factor is high.

Could local renewable energy resources provide opportunities to the farm system?

Water use and food production are sensitive to climate change. The increased temperature 
and change in precipitation patterns reduce crop productivity.

What effect does climate change have on the farm economy in terms of water use and food production?

Water is a crucial resource for food production. Groundwater shortage affects  
crop irrigation system, and ultimately reduces crop yields.

How do agricultural production and farm income respond to groundwater shortage?



Opportunities and Challenges in Thailand

Groundwater development project  
for large-scale agriculture  
with solar system

• Groundwater wells 
• Solar-powered pumping 

system 
• Electric generator 
• Storage tanks 
• Water distribution pipes

Improve  
crop productivity

Increase net income



Is it sustainable?

Yes, it is.



Yes, it is.
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