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Abstract

TRMM precipitation data are widely used in studies related to hydrology, meteorology, and disaster
early warning. However, the spatial resolution of 0.25° x 0.25° is relatively coarse and insufficient
to meet the requirements of fine-scale research. Therefore, this study constructs a geographically
weighted regression (GWR) model using geographic environmental factors, including the normal-
ized difference vegetation index (NDVI), digital elevation model (DEM), and latitude-longitude in-
formation. Taking Henan Province as the study area, the TRMM precipitation data from 2001 to
2025 were downscaled to improve the spatial resolution of the precipitation dataset. The downscaled
precipitation data were evaluated with statistical indicators including the coefficient of determina-
tion (R?), relative bias (Bias), and root mean square error (RMSE). Observed precipitation data from
meteorological stations were used as “ground truth” for accuracy validation of the downscaled pre-
cipitation data. The results indicate that the downscaling procedure significantly improved the
overall accuracy of the precipitation data. In addition, the spatial resolution was markedly en-
hanced, resulting in a more refined representation of precipitation patterns and more precise char-
acterization of spatial details.
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Figure 1. Location of the study area
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Table 1. Meteorological station data
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Figure 2. Scatter plot of TRMM3B43 annual precipitation data in mm and station-measured precipitation data in mm from
2001 to 2025
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Figure 3. Spatial distribution of TRMM precipitation in a typical year (a) and downscaled TRMM precipitation (b) in Henan
Province
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Figure 4. Scatter plots of typical annual TRMM precipitation (a) and downscaled TRMM precipitation (b) in Henan Province
versus observed precipitation
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