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Abstract: Lake Poyang represents a typical floodplain lake-wetland system in the middle reaches of the Yangtze River. Its high-
amplitude water-level fluctuations significantly alter heat flux processes, profoundly affecting surface eco-hydrological processes
and local climate. To investigate the response mechanisms of heat fluxes in Lake Poyang to flooding processes, this study applied
an improved Variable Infiltration Capacity (VIC) land surface model incorporating a lake module to quantitatively simulate
hydrological and energy processes in the Lake Poyang floodplain wetland. We examined the seasonal variations in water-heat
fluxes and analyzed the driving mechanisms of flooding on the spatiotemporal distribution of heat fluxes. The results
demonstrated that: (1) The model performed robustly in simulating flood dynamics and heat fluxes. For hydrological simulation,
monthly averaged water levels agreed well with observations, exhibiting high correlation coefficients (R > 0.9) and Nash-Sutcliffe
Efficiency coefficients (NSE > 0.8). For thermal fluxes, the simulated Bowen ratio closely matched reference values, with a
correlation coefficient of 0.81 and NSE exceeding 0.7, indicating the framework reliably captures hydrological rhythms and
inundation heterogeneity, providing an effective tool for studying lake-wetland eco-hydrological processes under climate change;
(2) Floodplain dynamics significantly regulate seasonal energy partitioning. During inundation (wet seasons), the water-
dominated surface allocated 68% of net radiation to latent heat flux, reducing the Bowen ratio from 0.38 (non-inundated) to 0.09,
establishing a "high latent heat—low sensible heat" regime. In dry seasons with exposed mudflats, the latent heat proportion
decreased to 56%; (3) Marked contrasts in energy partitioning existed between the lake and surrounding land: latent heat flux
over the lake was 29% higher than adjacent land, while sensible heat flux was 59% lower. Persistent high latent heat flux centers
(annual mean: 89 W m2) formed in the frequently inundated northeastern zone due to low-lying topography, exceeding values in
the southwestern zone by 80%, creating a northeast-high to southwest-low spatial pattern; (4) Energy partitioning exhibited a
three-stage coupling with soil moisture/water level: when volumetric soil water content was below 17%, the evaporative fraction
increased slowly with moisture; above 17%, it showed a linear positive correlation; beyond 32% under inundation, the evaporative
fraction decoupled from soil moisture, indicating distinct phased regulatory effects. By coupling the VIC model with underwater
terrain inundation analysis, this study reveals the regulatory mechanism of Lake Poyang's floodplain processes on regional energy
balance, offering a novel approach to understanding water-heat exchange mechanisms in floodplain wetlands and providing
important scientific insights into their eco-hydrological processes under climate change.
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Fig. 1 Topography and major river distribution in the Lake Poyang basin (a), the bathymetry map of Lake Poyang (b), Lake Poyang

water area during the dry season (c), and flooding season (d)
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Fig. 3 Observed and simulated monthly runoff time series of 19802016 at various gauging stations in the Lake Poyang region: (a)

Wanjiabu Station, (b) Waizhou Station, (c) Lijiadu Station, (d) Meigang Station, (¢) Hushan Station, and (f) Dufengkeng Station
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Fig. 4 Observed and simulated monthly water level time series of 1980-2023 at various gauging stations in the Lake Poyang region: (a)

Hukou Station, (b) Duchang Station, (c) Xingzi Station, and (d) Kangshan Station
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Fig. 5 Simulated and observed results of the mean annual inundation days in the Lake Poyang region
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Fig. 6 Comparison of simulated and observed values of sensible heat flux, latent heat flux, and Bowen ratio in the Lake Poyang region
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Fig. 8 Spatial distribution of monthly average latent heat flux variations in the Lake Poyang region
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Fig. 9 Spatial distribution of monthly average sensible heat flux variations in the Lake Poyang region
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Fig. 11 Multi-year monthly mean variations of the latent (a) and sensible heat flux (b) in different inundated areas of the floodplain wetland
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Fig. 12 Relationship between the variation in soil surface volumetric water content and the evaporative fraction in the floodplain wetland
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