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[Abstract] Current deep learning methods for precipitation spatial interpolation rely primarily on the spatial
relationships between stations and often overlook theeffective representation of regional features and their complex
dependencies. In particular, this approach does not consider the relationship between precipitation and elevation.
To address this issue, GeoPriFormer is proposed as‘a spatial interpolation method for precipitation that incorporates
geographic priors. This method uses a-Transformer as the backbone network and enhances feature representation
by integrating geographic prior data. This integration improves the accuracy and reliability of precipitation spatial
interpolation. An elevation-based multi-head attention submodule is introduced to better understand and adapt to
the effects of complex terrain. Additionally, a Laplacian method learns the context-aware vector encoding of
geographic coordinates, enhancing the model’s understanding of spatial relationships and regional characteristics.
Consequently, the feature representation is embedded with geographic priors. Comparative experiments conducted
on the Henan, Beijing-Tianjin-Hebei, and Baden-Wiirttemberg ( BW ) datasets show that GeoPriFormer
outperforms the baseline models. For example, in the Beijing-Tianjin-Hebei dataset, the Root Mean Squared Error
(RMSE) is reduced by 1.6%, the Mean Absolute Error (MAE) decreases by 5.1%, and the Nash-Sutcliffe’s
Efficiency (NSE) increases by 1.56%, indicating an improvement over the current dominant approaches.

[Key words]) precipitation spatial interpolation; Transformer model; geographic prior; elevation-based multi-head

attention submodule; Laplacian method
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Table 2 Experimental environment
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CPU 13th Gen Intel® Core™ i7-13650HX 2. 60 GHz
GPU NVIDIA GeForce RTX 4060 Laptop GPU
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CUDA CUDA 12. 1
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Fig.6 Spatial distribution map of daily cumulative precipitation in the Beijing—Tianjin—Hebei region on June 6, 2017
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Fig.7 Scatter plot comparing the interpolation results of the Beijing—Tianjin—Hebei dataset with

the actual values from observation stations
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Table 5 Experimental results of different improvement strategies
ik T G AR IR AR BW %4k
RMSE § MAE NSE A RMSE § MAE NSE 4 RMSE § MAE { NSE 4
FEAl 2% 6.612 6 2.492 0 0.678 3 5.419 9 1.976 9 0. 682 4 0.988 9 0.344 1 0.514 3
B+ = 6.586 9 2.448 2 0. 680 8 5.383 9 1.861 8 0. 686 6 0.985 2 0.340 6 0.515 6
JL A B AR AR 6.610 1 2.534 1 0.678 5 5.410 6 1. 896 2 0.683 5 0.988 0 0.342 6 0.513 9
GeoPriFormer 6.558 2 2.488 7 0.683 5 5.328 4 1.876 6 0.693 1 0.983 9 0.336 9 0.519 2
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