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Abstract: Background, aim, and scope Sustainable utilization of water resources is an important factor in
ensuring food security. Understanding the coupling characteristics of water resources and food security in the
Shaanxi-Gansu-Ningxia-Qinghai region is not only beneficial for the promotion of sustainable development
of regional water resources and food production, but also has significant implications in economic and social
development. The present study, conducted in the Shaanxi, Gansu, Ningxia, and Qinghai regions of the People’s
Republic of China. Materials and methods Systematically defined the coupling characteristics of regional water
resources and food security by utilizing the water resource load index and water footprint method to analyze
natural properties of regional water resources and their allocation, food consumption, and demand for water
resources. Results Firstly, the results showed that, from 2000 to 2016, there was an insignificant increase in total
regional water resources, with the water resource load index increasing from 3.9 to 13.1 and the corresponding
load level rising from level  to level , with no potential for further development. Secondly, the water resources
were utilized in agricultural production, with the proportion of agricultural water consumption decreasing from
78.6% in 2004 to 76.1% in 2016, and the water resource demand for regional food security increasing. Finally, the
results demonstrated that the dietary transition of the regional population from grain-based to animal-based diet
further intensified the burden on regional food production and water resources. The water footprint of regional
grain consumption increased from 79.7 Gm’ in 2000 to 100.1 Gm’ in 2016. Discussion The Shaanxi-Gansu-
Ningxia-Qinghai region has been subjected to intense water resource pressures and has no potential for further
development. Agricultural water resources have been exploited and the sustainability of regional water resources
and food security has been gravely threatened. Changes in dietary patterns and population growth increased the
need for regional food security and water resources. The gradual shift in the dietary patterns of residents from
grains to animal products has intensified the demand for water resources to provide regional food security. Owing
to population growth, the water footprint of food consumption in the region is projected to increase by 5.0% by
2045. Conclusions The sustainable development of water resource utilization and food production in the Shaanxi-
Gansu-Ningxia-Qinghai region is facing significant challenges and must be prioritized; relevant departments need
to take immediate and effective actions. Recommendations and perspectives Based on these results, we took
into consideration optimization potential of regional planting structure, water-saving irrigation technology, and
virtual water trade and proposed measures to improve the utilization efficiency of regional blue and green water
and minimize the amount of grey water in an attempt to alleviate the pressures on regional water resources and
promote sustainable development of food production and water resource utilization.

Key words: water resources; food security; water footprint; coupling characteristics; population growth
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Fig. 3 Dynamic changes of water resources load index in Shaanxi-Gansu-Ningxia-Qinghai region during 2000—2016
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Fig. 8 Spatial distribution characteristics of water footprint of grain production
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