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Fig.2 Water use efficiency of major crops in Henan,
2015—2023
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Fig.3 Interannual Variations of Water Footprint per
Unit Yield of Major Crops in Henan Province, 2015-2023
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Fig.4 Main crops' water footprint structure in Henan, 2015—2023
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Tab.3 The results of the 2030 major crop planting structure planning in Henan Province
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Fig.7 Distribution of water resources and energy consumption in various cities of Henan during the base period
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suburbs based on emergy and economic

An Optimization Study on the Cropping Structure of Henan Province Based on

the Water-Energy-Food Nexus

ZHANG Liang!, SHANG Jin!, WANG Hongtao’

(1.North China University of Water Resources and Electric Power, School of Water Resources, Zhengzhou 450046, China;
2.Yellow River Conservancy Technical University, College of Water Conservancy and Hydropower Engineering, Kaifeng
475004, China)

Abstract: [ Objective 1  Guided by the principles of ecological priority and green development, this approach
integrates the optimization of resource allocation and cropping patterns. The goal is to concurrently ensure stable grain
yields while achieving the maximization of ecological and economic gains. [ Methods] Taking Henan Province as the
study area, this paper integrates water footprint theory with an energy accounting framework to determine the water—
energy consumption characteristics of crops. It develops an integrated multi—objective programming model, constrained
by the Water—Energy—Food nexus, to optimize the planting structure and achieve a synergistic enhancement of regional
economic and ecological goals. [ Results 1 (1)The three crops exhibit significant differences in their resource
consumption patterns and water use efficiency ( ).(2) In the adjusted planting structure, the cultivation areas for corn and



peanuts increased by 4.65x10° hm? and 7.04x10° hm? respectively, while the area for wheat decreased by 1.17x10° hm?.(3)
In terms of benefits, the optimization led to an increase in economic benefits by 2.77x10° yuan and a rise in grain
production by 8.72x10° tons. Simultaneously, the pressure on resources and the environment was significantly reduced: the
agricultural water footprint and energy consumption decreased by 4.22x10° m* and 1.00x107 GJ respectively, and fertilizer
input was substantially cut by 2.86x10% tons. [ Conclusion] Under multiple constraints, the optimized results reduced
the regional resource load while achieving a dual improvement in both economic and ecological benefits of agricultural
production, thus promoting sustainable regional agriculture.

Keywords: Water—Energy—Food Nexus; Water Footprint Concept; Energy Consumption Assessment Model; Multi—
Objective Optimization Model; Cropping Structure
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