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Study of two-layer multi-objective optimization model for water pollution load
distribution in rivers
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Abstract: It is difficult for the existing water pollution load distribution models to balance the
principles of fairness and efficiency at every level, with environmental protection tax laws rarely
considered; the implementation of water quality compliance assessment on water function zones
has had an impact on the distribution of water pollution loads. This makes it difficult to apply the
existing load distribution model to management agencies at all levels of the basin. This paper pro-
poses a two-layer multi-objective optimization model to solve the load distribution problem at dif-
ferent management levels. The upper-level allocation aims at the smallest environmental Gini
coefficient and the smallest unit pollutant emission cost, while considering the impact of environ-
mental protection taxes; the lower-level distribution aims at maximizing industrial output value
and minimizing unevenness of reduction rate, while meeting the water quality standards of each
water function zone. The model was applied to the Shaanxi section of the main Weihe River, with
the result showing that the two-layer multi-objective optimization model can better solve the
problem of water pollution load distribution in the context of the implementation of the environ-
mental protection tax law and the implementation of the water function zone water quality stand-
ard assessment, thus providing a better reference for decision makers at all levels.
Key words: water pollution load distribution; two-layer model; multi-objective optimization;
water function zone; environmental protection tax; Weihe River mainstream Shaanxi
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Fig. 1 Schematic diagram of the two-layer

multi-objective optimization model frame
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Tab.1 Water function zones in Shaanxi section of the Weihe River main stream
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Tab. 2 Proportion of index value of each region in Shaanxi section of the Weihe River main stream

p—_— NE| GDP Tl K Tolk ™A IR AR BT E7 RS IR HE i =
oi b/ % oi b/ % fi /% ot/ % ot/ % di b/ % ditk/ %
X 15.93 15.19 18. 82 22, 54 10. 47 12. 36 21.28
v 0. 88 1.01 1.10 1.23 0.92 1.83 0. 54
&% FH 18. 44 15. 94 16. 53 21.16 20. 36 17. 85 21. 89
(i3 42.25 56. 00 25. 38 40. 99 32.92 26. 54 28.92
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Fig. 2 Schematic diagram of water function zone sections distribution in the Weihe River mainstream Shaanxi section
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Fig. 3 Pareto curves in the upper level distribution of

the two-layer multi-objective optimization model
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Tab. 3 Comparison table of Gini coefficient and weight changes of each index
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Tab.4 Upper level distribution schemes of COD in the Weihe River Shaanxi reach
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Fig. 7 Comparison of water quality standard assessment situation of each water function zone between the two methods
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