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Fig. 1 Generalized diagram of water system model of Hongze Lake
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Tab. 1 Typical weights of Hongze Lake multi-objective operation

objectives
PR T HARE TIRFS
AR HRLE (0.4,0.2,0.2,0.2) A
HoKR bR 0.2,0.4,0.2,0.2) B
Sk BpRLsE (0.2,0.2,0.4,0.2) [
AWK B 0.2,0.2,0.2,0.4) D
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Tab. 2 Optimal operation strategies of Hongze Lake

under different weights

It Rm H bR E
Uk Sz ;
F,/m Fyl% Fyftm’ FJ%
A 0.30 18.29 10.70 14.71
B 0.58 13.76 10.65 13.62
C 1.14 21.11 9.26 12.63
D 0.82 18.66 9.87 11.09
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optimal operation strategies
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Multi-objective operation and decision-making model of Hongze Lake
and its application

YUE Hao', ZHENG Yonglu’, XU Bin', ZHENG Zuguo’,

ZHONG Ping’an', ZHOU Jiamin’, ZHANG Yuwei'
(1. College of Hydrology and Water Resources, Hohai University, Nanjing 210098, China; 2. Beifang Investigation, Design & Research Co., Ltd,

Tianjin 300222, China; 3. Qingtian County Water Conservancy Bureau, Lishui 323900, China; 4. Ecological Construction Investment
Corporation of China Xiong’an Group, Baoding 071700, China )

Abstract: Lakes played critical roles in maintaining sustainable natural ecosystem function and providing
operational services such as flood control, water supply, and irrigation. In many countries and regions, water
resource and water shortage problems were intensified owing to increased demand associated with population
growth and socioeconomic development. Owing to water resource shortage problems in lake systems, overuse of
water resources would lead to the minimum reserved water volume required for ecological purposes being diverted
for human consumption, resulting in severe ecological degradation. To restore the ecological condition of lakes, it
was critical to resolving the conflict between consumptive water use and ecological water use through multi-
objective reservoir operation and informed decision-making. With explicit identification of the ecological and other
water demands, together with consideration of streamflow conditions, this can be formulated as a multi-objective
optimization reservoir operation and decision-making modeling problem. The operation of reservoirs aimed to
maintain the water level and volume process of the upstream and downstream to meet the ecological guarantee
demand, of which the difficulty would lie in how to coordinate the contradictory relationship among consumptive
and ecological water use as well as water supply from multiple sources. For the decision-making problem, the
ecological benefits, which could hardly be measured accurately, made it necessary to consider fuzziness in the
process of decision-making.

To resolve the above problems, a multi-objective reservoir operation model was established based on suitable
ecological water levels, aiming for the ecological problems of Hongze Lake in Huai River Basin, China. From the
perspective of opening sources and reducing consumption, objective functions for minimizing ecological water level
deviation, water shortage percentage, diverted water, and reservoir inflow deviation was addressed to evaluate the
ecological benefits and costs of reservoir operation. To select the optimal compromise from the Pareto set derived
from the multi-objective operation model, the fuzzy optimum selecting model was introduced to select optimal
operation strategies, reflecting the equilibrium between ecological security and water supply comprehensively.
Finally, Hongze Lake was taken as a study case to conduct multi-objective operation modeling and fuzzy decision-
making.

The main contributions of this study comprise the following: (1) Tracking the suitable ecological water level
would sufficiently lower the regulation capability of Hongze Lake to a certain extent, which either affected water
delivery or necessitates water diversion and supplemented inflow from releases by river engineering facilities, and
the corresponding non-inferior alternatives reflected tradeoffs of ecological benefits and regulation costs. (2) The
fuzzy optimum selecting model can screen the alternative set under perturbation of fuzzy ecological information,
and select appropriate operation strategies according to various decision-maker's preferences. (3) Compared with the
alternative with minimum consumptive water shortage, the ecological priority alternative can effectively satisfy
ecological demands by reducing water supply, increasing diverted water, and strengthening inflow regulation, which
resulted in a low ecological water level deviation of 0.30 m, along with the increasing water shortage percentage,
diverted water, and reservoir inflow deviation objectives up to 18.29 %, 1.070 billion m’, and 14.71 %, respectively.
By analyzing the water level process of Hongze Lake under different operation strategies, the ecological priority
alternative showed relatively high diverted water in January, February, April, and May making the water storage of
Hongze Lake more suitable to meet the ecological needs of animals and plants.

The findings provided an effective framework to quantify and coordinate the conflicts between ecological
benefits and economic costs, providing theoretical support and practical application value for solving the problems
of multi-objective operation of reservoirs.

Key words: suitable ecological water level; multi-objective model; reservoir operation; fuzzy multi-attribute

decision; fuzzy optimum selecting model; Hongze Lake
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