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Abstract: Currents act as the core driver of energy and material transport in lake systems and dominate the distribution of pollutants,
algae, and aquatic fish communities. Understanding the spatiotemporal variability of lake currents is critical for revealing the formation
mechanisms of lake ecological and environmental problems and supporting the formulation of precise lake management strategies. Based
on high-frequency synchronous observations of wind and current fields collected from 20 automatic monitoring stations in Lake Chaohu

throughout 2024, this study systematically analyzes the spatiotemporal characteristics of wind and current fields and explores their
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response relationships and internal driving mechanisms. This study adopts vector decomposition, Pearson correlation analysis, and circular
statistical methods to establish multiple evaluation indices, including the coefficient of variation of current velocity, directional dispersion
coefficient, and composite current velocity ratio, and quantitatively assesses the stability and dynamic characteristics of lake currents at
multiple temporal scales. The results show that the wind field of Lake Chaohu is governed by the East Asian monsoon circulation and
presents obvious seasonal transition features. In 2024, the average wind speed of the entire lake basin was approximately 3.4 mis.
Easterly winds dominated in spring, southerly winds prevailed in summer, northeasterly winds occurred frequently in autumn, and
northerly winds were predominant in winter. The current field of Lake Chaohu shows a weak “west-in—east-out” transport pattern. The
mean current velocity of individual monitoring stations ranged from 3.75 to 9.27 cm/s, with an entire-basin average of 5.18 cm/s.
High-velocity current zones are mainly distributed in river inflow and outflow estuaries, as well as the water channels on both sides of
Laoshan Island. In contrast, the northwestern lake area, the central lake region, and partial nearshore zones maintain low-velocity current
conditions. The vertical current velocity of Lake Chaohu is only at the millimeter per second level, which reflects a weak vertical water
exchange capacity. The lake current field exhibits obvious fluctuations at seasonal, monthly, and daily temporal scales. The vector-
averaged current velocity of the whole lake basin was 0.92 cm/s in spring and 0.89 cm/s in summer, both distinctly higher than the
average value of 0.53 cm/s in autumn and winter. During the operation period of the “Yangtze River-to-Lake Chaohu Water Diversion
Project”, the daily mean current velocity in the Zhao River inflow area stayed between 9.69 and 14.82  cm/s. For eight national monitoring
stations, the mean coefficient of variation of current velocity was 94.06%, the directional dispersion coefficient ranged from 73.5% to
95.8%, and the mean composite current velocity ratio was only 0.28. These index values indicate that the current field of Lake Chaohu
has typical characteristics of “low velocity, high variability, and strong directional dispersion”. Wind speed and current velocity showed
a significant overall positive correlation (p < 0.01), demonstrating that wind forcing is the primary factor controlling the temporal and
spatial variations of lake currents in Lake Chaohu. However, the response intensity of lake currents to wind forcing varied greatly among
different sampling sites. This difference indicates that the current field structure of Lake Chaohu is co-regulated by multiple factors,
including lake basin topography and inflow and outflow discharge conditions. The research findings provide a reliable scientific basis for
hydrodynamic regulation, identification of low-flow retention areas, and prevention and control of eutrophication and algal bloom events
in shallow lake ecosystems.

Keywords: Lake Chaohu; lake flow field; hydrodynamics; wind field; spatiotemporal distribution characteristics
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Fig.1 Topography of the Lake Chaohu Basin and Distribution of Automatic Monitoring Stations
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Fig.2 Spatiotemporal Distribution Characteristics of the Wind Field Over Lake Chaohu in 2024
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Fig.3 Overall Structural Characteristics of the Flow Field in Lake Chaohu in 2024
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Fig.4 Mean Flow Field Rose Diagrams at 20 Automatic Monitoring Stations in Lake Chaohu in 2024
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