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Establishing the annual ecological water level regime for the Huayang Lake Complex through

Multi-Objective Coordination, middle-lower reaches of the Yangtze River*
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Abstract: The Huayang Lake Complex is a typical wetland system in the middle and lower Yangtze River Basin. It supports both core
ecological functions, such as waterbird conservation, maintenance of hydrological connectivity, and water quality purification, and social
production functions, including water supply and flood mitigation. Current water-level regulation relies on a single influencing factor and
lacks an annual dynamic process curve, which constrains the stable performance of the lake complex's ecological functions. Using nearly
50 years of field datasets on hydrology, topography, water quality, and habitat, this study constructs a multi-factor collaborative framework
that integrates hydrology, morphology, water quality, and habitat. The framework applies the IHA-RVA method, ArcGIS spatial analysis,
a hydrodynamic-water quality model, and habitat suitability area methods. Based on these tools, we develop an annual optimal ecological
water level hydrograph to sustain hydrological stability and ecological health. Results show that the optimal ecological water level ranges
from 11.86 m in April to 13.53 m in September, with threshold values varying from 11.56 m in March to 14.87 m in August. The water
level follows a seasonal pattern of convergence in winter and spring and expansion in summer and autumn. This seasonal variation aligns
with the requirements of biological habitat maintenance, natural hydrological rhythms, and water quality improvement. The proposed
water level scheme benefits overwintering waterbirds, aquatic organism habitation, and in-lake purification. It also offers scientific
guidance for ecological water level management in similar gate-regulated lakes and lake groups in the middle and lower Yangtze River
Basin.
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Fig. 1 River System Map of the Huayang Lake Complex Basin
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Tab. 1 Non-flood Season Ecological Water Level Regulation Scheme for the Huayang Lake Complex
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Fig. 2 Multi-year Water Level Cumulative Frequency Curves for Wet/Dry Seasons in Lakes Longgan, Daguan, Huanghu and Bo
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