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LSTM-AM Fog visibility prediction model accounting for spatial heterogeneity
of wind speed
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Abstract: To address the issue of insufficient consideration of the spatial heterogeneity of wind speed in
existing methods for fog visibility prediction, which leads to low accuracy and stability, this paper
constructs a Long Short-Term Memory Neural Network with Attention Mechanism (LSTM-AM) model
for fog visibility prediction that takes into account the spatial heterogeneity of wind speed. The model
quantifies the variation characteristics of wind speed at different spatial locations using a semi-
variogram, integrating the spatial distribution of neighboring points and differences in wind speed. It
employs wind direction angles and variation values to weight the features of wind speed spatial
heterogeneity, effectively extracting these characteristics. Additionally, the Attention Mechanism (AM)
enhances the LSTM method by improving its focus on key information, enabling the model to
effectively capture and reflect the impact of critical meteorological factors on fog visibility. This
enhances the model's ability to pay attention to important temporal information and improves the
accuracy of predictions under conditions of wind speed spatial heterogeneity. The results indicate that

WRE B3 2024-07-09; WeiBxER: 2024-12-04
e fEifr: T/ (1968-) 5 BIHIR, H ., WHFL 7 [ NS BB 4 ik 25 R 5 5 T %, E-mail: wangxj@chd.edu.cn
WEIRER: MRAEGE (2000-) 22 BFFCAE. B 7807 A A0S %5 %2 4. E-mail: linzj@chd.edu.cn

0 H (23-12K); Bk 76 24+ 2} 54100 H (2024R009);

Funded by National Natural Science Foundation of China (Grant 72104034,72104037),Key Scientific Research Plan Project of Shaanxi Provincial
Department of Education in 2021(Grant 21JP007),Shaanxi Provincial Department of Transportation Science and Technology Project (Grant 23-12K);
Shaanxi Provincial Social Science Foundation Project (Grant 2024R009);



the proposed model improves R? by 10%-20%, reduces RMSE by 25%-40%, and decreases MAE by

26.3%-39.1%, demonstrating high accuracy and stability in fog visibility prediction.

Keywords: Spatial Heterogeneity; Semi-variogram; Long Short-Term Memory Neural Network;
Attention Mechanism; Fog visibility
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Fig.1 Topographical and Spatial Distribution Characteristics of Stations

2.2 B R MA Sk

AR, L2 (D ME @A FIWRIR RS A, S RAOCREAFIRER 1L 8 —IK
F3E, AT G, SRR S FAE A, W 2 Pos. PEEREERE 3. 19, 22,
23, 27. 28, 29. 30, ZAlKA 323, 264, 224, 217, 222, 155, 201. 160 RZE %M, M2 N, fiF
REBHLIX PEENG 5. 6. 7. 8. 9. 10, 11, 12. 13 M FHASES N 19, 35, 13, 37, 52. 42, 27,



43, 53. AW AFEE AR SR A K ZE R, X R T I E R 2 KRR, N5 KR AR A

TR ZKIRSRAT s DT 3 BP0 5 ol 1) 55 08 Wl 3 2 T 2R Akl
350
300
250
F200
k150
100
50

0 >
1234567 8910111213141516171819202122232425262728293031323334
BEihRS
B 2 % el 25 A3 A
Fig.2 Fog Event Frequency Distribution Map of Each Station
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Fig.3 Average Daily Duration of Fog Events
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Fig.4 Extraction of Spatial Heterogeneity Characteristics of Wind Speed
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