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Remote sensing inversion of local topography in Lake Poyang by using a hybrid random forest
model *
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Abstract: Lake topography is a fundamental component of the geographical environment, with broad significance
in geographical research and foundational influence on surface processes—particularly in hydrological and
hydrodynamic modeling. However, conventional methods for acquiring bathymetric data in large lakes are often
costly, time-consuming, and updated infrequently, underscoring the need for efficient satellite-based approaches
to map lake topography. This study developed a hybrid modeling framework to invert dry-season topography in
Lake Poyang by integrating Landsat imagery and measured elevation data using a Random Forest (RF) algorithm.
To address spatial non-stationarity in topographic features and autocorrelation in prediction residuals, we further
combined Geographically Weighted Regression (GWR) with Ordinary Kriging (OK) to optimize inversion
accuracy and analyze associated errors. The results indicate that: (1) the hybrid GWR-RF-OK model significantly
outperformed the standalone RF model, with higher coefficients of determination (R?) and lower mean absolute

error (MAE) and mean relative error (MRE) between measured and predicted elevations in two study areas; (2)
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the hybrid model performed well in both a bare beach area with homogeneous land cover and the more complex
surface cover of the Nanji Wetland National Nature Reserve, achieving R? values of 0.71 and 0.56, MAE of 0.34
m and 0.35 m, and MRE of 5.26% and 3.06%, respectively. Segmented analysis revealed better performance in
areas where elevation exceeds 10 m; (3) inversion accuracy was influenced by topographic roughness and land
cover heterogeneity, with smaller errors occurring in gently sloping areas and those with uniform land cover
compared to steep or mixed-cover terrain. These findings support the utility of remote sensing-based hybrid models
for efficient and accurate lake topographic mapping.
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Tab.2 Optimal model parameters
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Tab.3 Inversion accuracy of different models across two study areas
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Tab.4 Segmented terrain elevation errors across two study areas
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Fig.5 Comparison of land cover classification and remote sensing imagery in Nanji Wetlands
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Tab.5 Comparison of topographic elevation inversion accuracy across different land cover types
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