
  

Tradeoff between groundwater exploitation and  

food production in the deep groundwater overexploited 

area of North China Plain 

14, September, 2023, Beijing, China 

Pei Li1      Li Ren2 

1 School of Water and Environment, Chang’an University 

2 College of Resources and Environmental Sciences, China Agricultural University 



Contents 
• Background and Motivation 

-Groundwater overexploitation 

-Contradiction between groundwater  

exploitation and food production 

• Materials and Methods 

-Distributed agro-hydrological model 

-Scenario simulations and evaluations 

• Results and Discussion 

-Limited surface irrigation 

-Saline water irrigation 

-Sprinkler irrigation 

• Conclusions 

• Acknowledgements Trade offs between groundwater exploitation and 

food production  



Background and Motivation  

Groundwater abstraction for irrigation for the year 2000 (106 m3 yr−1) 

Source: Wada et al. ( 2012) 

Groundwater provides around 25% of all water 

withdrawn for irrigation, serving 38% of the 

world’s irrigated land (United Nations, 2022). 

About 70% of the pumped groundwater 

worldwide is used to sustain irrigation and is 

important for food security (de Graaf et al., 2019). Source: Rodell et al. (2018) 

Trends in terrestrial water storage (TWS) obtained on the basis of Gravity Recovery 

and Climate Experiment (GRACE) satellite observations from April 2002 to March 

2016 and the cause of the trend in each outlined study regions 



Background and Motivation  

Source: Li and Ren (2021) Source: USDA 

Source: Dalin et al. (2017) 



Background and Motivation  
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Background and Motivation  

Experimental evaluation at the experimental station scale, 

A need of study  

-at the regional scale. 

-for different irrigation strategies.  

-under the framework of simulation-optimization-evaluation 



Materials and Methods 

Source: Li and Ren (2019a) 

Establishment 

Calibration: 
–Soil water content 

–Soil salt content 

–Crop leaf area index 

–Crop biomass 

–Crop yield 

Validation: 
–Soil water content 

–Soil salt content 

–Evapotranspiration 

–Crop leaf area index 

–Crop biomass 

–Crop yield 



Materials and Methods 

Source: 

 Li and Ren 

 (2019b, 2021, 2022) 

Eleven limited surface irrigation scenarios  Five saline water irrigation scenarios 

Eleven sprinkler 

irrigation scenarios 



Materials and Methods 

Source: Li and Ren (2019b, 2021, 2022) 
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Sprinkler irrigation 

Maximize water productivity (WP) under 

the constraint of irrigation quota reduction 

(i.e., 10%, 20%, 30%, 40%, 50% and 60%). 
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Saline water irrigation 

Maximize irrigation water salinity 

under the constraints of crop 

yield reduction (i.e., 500 kg hm−2, 

1000 kg hm−2, 1500 kg hm−2 and 

2000 kg hm−2) and soil salt 

content (3.0 g kg−1). 
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Minimize evapotranspiration 

under the constraint of yield 

reduction (i.e., 5%, 10%, 

15%, 20%, 25%, 30%, 35%, 

40%, 45%, 50%, 55%, 60%, 

65% and 70%).  

Limited surface irrigation 



Results and Discussion 

Source: Li and Ren (2019b) 

The decrease in irrigation quota led to the yield and evapotranspiration reductions. 

With the yield reduction less than 21%, the WP remained stable compared with the 

current irrigation schedule.  



Results and Discussion 

Source: Li and Ren (2019b) 

With an increase in yield reduction from 4% to 61%, the reduction in the amount of deep groundwater exploitation 

under the optimized irrigation scheme increased from approximately 1.40×108 m3 to 7.15×108 m3.  

To achieve the target value of 6.05×108 m³, the yield decreased by approximately 50%.  



Results and Discussion 
The yield reduction of the rotation system was less 

than or equal to 2000 kg hm−2 in more than 94% of the 

simulation area under the five scenarios.  

The salt content of the 2-m soil profile at summer 

maize harvest was less than or equal to 5 g kg−1 in 

more than 96% of the simulation area under the five 

scenarios.  

Source: Li and Ren (2021) 

On the premise that the salt content of 2-m soil 

profile was less than 3 g kg−1, if the average 

crop yield reduction in the range of ≤500 kg 

hm−2, ≤1000 kg hm−2, ≤1500 kg hm−2 and ≤2000 

kg hm−2 was permitted, the dominant maximum 

irrigation water salinity in the study area was 3 

g L−1, 4 g L−1, 6 g L−1 and 6 g L−1, respectively.  



Results and Discussion 

The average saline water amount needed 

for winter wheat irrigation was 

approximately 22.78×108 m3, which was 

approximately 9% more than the exploitable 

amount of saline groundwater.  

 In the 23 counties of the study area, the 

exploitable amount of saline groundwater 

could meet the needs of winter wheat 

irrigation. In most parts of these counties, 

the shallow groundwater salinity could also 

satisfy the appropriate irrigation schemes, 

showing a high matching degree.  

Source: Li and Ren (2021) 



Results and Discussion 

Source: Li and Ren (2022) 
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Results and Discussion 

Source: Li and Ren (2022) 

Wet 

15.59 

×108 m3 

81% 

55.8% 

4.90 
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23.89 

×108 m3 

123% 

74.3% 
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Dry 

24.00 

×108 m3 

124% 

79.7% 

7.49 

×108 m3 

Precipitation level 

Reduction in irrigation 

quota 

Proportion to the target 

value of reducing deep 

groundwater exploitation 
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yield 

Reduction in deep 
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Conclusions 

1. If the irrigation quota was reduced to prevent deep groundwater overexploitation, 

the applications of sprinkler irrigation and limited surface irrigation led to 

reductions in yield and WP.  

2. Under the current planting scale of most farmers, limited surface irrigation rather 

than sprinkler irrigation is recommended in the most study areas from the 

perspective of achieving a relatively high yield and a higher WP. 



Conclusions 

3. Saline groundwater is an important alternative water source for irrigation, and 

reasonable utilization would not cause significant soil salt accumulation and crop 

yield reduction. Only in half of the study area saline groundwater meets the 

irrigation requirements from the perspectives of water quantity and water quality. 

 

 It is difficult to achieve groundwater sustainability only by changing irrigation 

methods and schemes, we suggest using other water sources (e.g., external 

transfer water and unconventional water) and field management measures. 
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