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Fig. 1 Computational flow chart
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Tab. 1 Evaluation index of water-energy-food coupling system
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Harmony evaluation of regional water-energy-food coupling system
YU Lei"*?*,GUO Jiahang” , WANG Huili*
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Agriculture Water Resources ,Chinese Academy of Agricultural Sciences , Xinxiang 453003 ,China;
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3. Zhengzhou Key Laboratory of Water Resource and Environment , Zhengzhou 450001, China)
Abstract: The rapid development of regional economy has brought great pressure on water resource, energy,and food system.
Evaluation of water resource,energy,and food is the key to promoting harmonious and sustainable development among the three

systems. Chinese consumption of water resource, energy,and food ranks among the top in the world. Still, there are some prob-
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lems, such as small per capita water resource and large water consumption in food production and energy exploitation. However,
the issue of water resource shortage is becoming more and more serious. To promote the sustainable development of resource, it
is of practical significance to carry out the harmonious evaluation of water-energy-food coupling system and to study its chan-
ging relationship.

To evaluate the multi-dimensional coupling system harmoniously,and to reduce the uncertainty of each index from the in-
complete data and the subjectivity of evaluation index selection,a comprehensive evaluation index system of water resource, en-
ergy,and food based on the harmonious quantification model is proposed. It couples the fuzzy multi-attribute decision-making
method with the harmonious quantization method, and the harmonious degree of the water-energy-food coupling system is deter-
mined according to the weight of fuzzy language and the harmonious quantification. In addition, the data of Henan Province from
2011 to 2018 are selected to analyze the development level and harmony degree of water-energy-food coupling system, and ex-
plore the spatio-temporal variation characteristics of each subsystem and the coupling system.

During the study years, the harmony degree of water-energy-food coupling system in the whole province increases annually.
In the study years, the improvement of harmony degree in the early stage is mainly affected by the energy system, while the later
stage is related to the food system and water resource system. The development characteristics of each subsystem are different,
but the whole system presents an upward trend. Due to the improvement of water use efficiencys and. the remarkable effect of
pollution control, the harmony degree of water resource system fluctuates, which indicates that the state of water resource in
Henan Province continues to improve. The harmony degree of the energy system reached thé maximum in 2015, and the harmo-
ny degree is the best. However, with the change of industrial structure, the total power of/rural machinery decreased,and with
the increase of urban electricity consumption, the harmony degree of the system become/worse,and the overall trend of change is
upward, fluctuating,and downward. Because of the upgrading of agricultural technology, the increase of effective irrigation area
and other factors, the harmony degree of food system shows a gradual upward trend,and reach the maximum value in 2018,

In general, the harmony degree of water resource system in Henan Provinee is the highest,followed by the food system and
the energy system. The food subsystem has a relatively high development level and stable performance, while the energy subsys-
tem has a fluctuating development and poor stability. The harmoniéus quantization method based on fuzzy multi-attribute deci-
sion-making can solve the uncertainty problem in index quantization. Meanwhile, the results can account for complex information
and recognize the subtle differences between the indicators, making it easier for decision makers to identify the adverse develop-
ment factors. The harmonious evaluation of the comprehensive system can support the management of water resource, energy
and food system.

Key words: water-energy-food coupling systemsharmony quantization; spatio-temporal evolution; Henan Province

(B85 436 )

The precipitation in the fault-watershed region is converted into surface runoff (SR) , porous subsurface runoff(PSSR) and
karstic subsurface runoff (KSSR) runoff in a certain proportion. Therefore, when the fault-watershed is used as the boundary of
the Baotu Spring basin, it is necessary to consider the close hydraulic relationship between surface water and groundwater as
well as the transformation relationship between them. Reasonable conversion of the water volume of each part can improve the
accuracy of water balance calculation results. Combining with the law of water exchange in the fault-watershed region, the water
balance in the spring basin is calculated by the traditional water balance method and the numerical simulation method. The cal-
culation results of the two methods show that the replenishment, discharge and balance difference of the fault boundary spring
basin are greater than that of the fault-watershed boundary spring basin, There are some differences in spring water balance un-
der different boundary conditions, but the difference is small.

Key words: karst springs basin; boundary condition; water balance; numerical method
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