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ABSTRACT

ABSTRACT

The Fenhe River Basin is the largest grain-producing area in Shanxi province,
with abundant water, soil, and land resources. However, irrational planting
planning and low production efficiency of water resources have not fully tapped
the production potential of this land. The current energy and food production not
only ignores the synergistic promotion of water-energy-food, but also ignores the
collaborative cooperation of various departments. Therefore, in order to achieve
win-win cooperation among various departments in the Fenhe River Basin and
explore regional green development, we have established the WEFC optimization
model that introduces IGDT theory and interval nonlinear programming to
optimize the rational allocation of water and soil resources. This research not only
provides optimized water and soil allocation schemes for various departments in
the Fenhe River Basin for sustainable resource management, but also optimizes
the water allocation for typical crops at various growth stages. The main research
content and conclusions are as follows:

(1) We established a water and soil resource optimization allocation model
and solved the departmental water resource allocation and wheat and corn
planting structure optimization allocation schemes for different hydrological
years. The optimization results focus more on avoiding high risks, and the water
allocation of each department meets its minimum water demand. In terms of
planting structure optimization, the proportion of midstream corn area to the total
planting area is as high as 82.38%, and the planting area of midstream wheat
decreased by 2.08% in dry years, and the planting area of downstream wheat
decreased by 26.25%. The hydropower generation is stable at 1.00x10® kWh,
which can save 1.23x10* tons of standard coal. The range of biomass energy
production heat value is from 3.84x10'3 kJ to 4.63x10'3 k.

(2) We used IGDT risk aversion theory to calculate the water resource
allocation scheme under different expected returns. The results show that with the

decrease of expected returns, the water resources of the WEFC system will be
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more allocated to the environmental and industrial sectors with better economic
benefits, and the losses will be borne by the departments with higher costs and
lower returns. IGDT theory can flexibly handle the uncertainty of the system and
increase the robustness of the water resource allocation strategy.

(3) A multi-objective agricultural water resources optimization allocation
model was constructed to optimize the allocation of water supply to each fertility
stage of crops, aiming to maximize net profit and minimize irrigation water loss
in irrigation districts. The results of the study showed that the economic indicators
were significantly reduced when transitioning from a flat water year to a partial
drought year, with the lower limit of the value decreasing from 6.76x10® yuan
(P=50%) to 5.03x10® yuan (P=75%) and the upper limit decreasing from 7.79x10*
yuan (P=50%) to 6.56x10% yuan (P=75%). The establishment of this model
provides theoretical support for achieving optimal water allocation in other

irrigation districts of the Fenhe River throughout the fertility period.

Key words: Fenhe River Basin; Carbon footprint; IGDT; WEFC nexus;

Optimization model
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