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Caloric productivity assessment of major grain crops in China
from water — energy — carbon perspective

ZHANG Honghang' >, LIANG Chuanbin'*’, ZHANG Wenxin' "’ , CHEN Shichao'*”* | DU Taisheng' "
(1. State Key Laboratory of Efficient Utilization of Agricultural Water Resources, Beijing 100091, China; 2. National
Field Scientific Observation and Research Station on Efficient Water Use of Oasis Agriculture in Wuwei of
Gansu Province , Wuwei 733000, China; 3. College of Water Resources and Civil
Engineering , China Agricultural University , Beijing 100091, China)

Abstract; Under the combined pressures of population growth, ecosystem stress and resource limitations ,
how to ensure food security while advancing environmental sustainability has become a global development
imperative. This study calculates water, energy consumption and carbon emission for three major grain
crops across China’ s provinces, investigates the relative contributions of input factors to regional dispari-
ties, and evaluates regional crop caloric productivity. Key findings show that water footprints per unit cal-
ories are 134 kg/Mcal for wheat, 209 kg/Mcal for rice, and 83 kg/Mcal for maize, corresponding to
1 375, 848, and 868 kJ/Mecal of energy inputs, as well as 191, 408, and 121 g CO, eq/Mecal of carbon
footprints, respectively. Nitrogen fertilizer production and irrigation water are the primary drivers of re-
gional disparities in production efficiency, contributing 39.4% -68.1% in total to the gap of energy in-
put. The Northeast China exhibits the highest caloric productivity, followed by the Central and North Chi-
na, while the South China demonstrates the lowest productivity. From the perspective of minimizing in-
puts and maximizing caloric output, it is advisable to shift a portion of crop cultivation to Northeast Chi-
na. This would help ease China’ s resource shortages and environmental pressures while safeguarding food

security.
Key words: water — energy — carbon system; caloric productivity ; major grain crop; production efficien-

cy; energy input; food security
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