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Abstract

Low-altitude UAYV flights are highly sensitive to meteorological conditions, and accurate short-term
gridded forecasting is essential for ensuring flight safety and mission planning. Existing forecasts
mainly focus on single-station or single-element predictions, making it difficult to directly support
multivariable spatial analysis for flight-suitability assessment. To address this issue, this paper pro-
poses a multi-element meteorological gridded forecasting method for UAV flight-suitability analysis.
First, a multi-stage data preprocessing pipeline is constructed to convert irregular multi-station ob-
servations into uniform 20 x 20 regular gridded sequences. Second, a grouped modeling strategy is
designed according to the physical properties of meteorological elements. Within a unified spatio-
temporal prediction framework, separate thermal, wind, and rainfall branches are built: the wind
branch adopts horizontal wind components to avoid the periodic boundary problem of wind direc-
tion angles, while the rainfall branch employs logarithmic transformation and non-negative con-
straints to handle sparse distributions. Experiments based on one year of continuous ground obser-
vation data from multiple stations in the study area show that the model achieves stable predictive
capability for multi-element fields over the next 4 h at 15-min intervals, with MAEs of approximately
1.45°C for temperature, 5.09% for relative humidity, and 0.61 m/s for wind speed, while effectively
preserving the spatial structural consistency of each element. The proposed method provides a
multi-element gridded forecasting foundation for spatialized UAV flight-suitability analysis.
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Figure 1. Dataset processing flowchart
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Figure 2. Model architecture diagram
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Table 2. Model prediction performance evaluation results. (a) Continuous variable prediction error; (b) rainfall event identifi-
cation indicators

2. REFUNMEETTE. () EETETMIRE; (b) FEREMHRAER

(a)

A X2 MAE MSE RMSE SSIM

TEM degC 1.453 3.900 1.975 0.488

RHU % 5.091 49.558 7.040 0.603

VIS m 2571.038 1.348E+07 3671.902 0.807
WIN_S m/s 0.611 0.767 0.876 0.570
WIN D deg 33.321 2612.639 51.114 /

PRE mm/15min 0.136 0.064 0.283 0.390
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Figure 3. Guidance time prediction accuracy plot
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Figure 4. Visualization of forecast results, including 5 time steps of 15 min/60 min/120 min/180 min/240 min,
Ground Truth real data, Prediction predicted values, (a) temperature; (b) relative humidity; (c) visibility; (d)
rainfall (e) wind direction; (f) wind speed

4. FHRERAML, BE 15 min/60 min/120 min/180 m1n/240 min 5 MEFEIZ, Ground Truth BE3E
ﬁliﬁ, Prediction FUMME, (a) iRE; (b) HIEE; (¢) BEE; (d) EWE; () KE; () ME
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