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Abstract: Analog forecasting is a widely adopted statistical method in operational meteorological services.
Traditional single-layer similarity approaches have such limitations as the lack of three-dimensional spatial
information, the unstable performance of single similarity criteria, and the frequent interference from syn-

optic system pattern and intensity (magnitude). To address these challenges and explore the feasibility of
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deep learning models in synoptic situation recognition and forecasting, in this study we develop a novel ap-
proach using the ECMWF fifth-generation reanalysis (ERAS5) dataset. We construct a deep learning archi-
tecture that integrates convolutional neural networks (CNN) with Transformer modules, incorporating
self-attention mechanisms. Verification shows that this model can effectively capture three-dimensional
spatial features of synoptic situation. Then, utilizing the extracted feature vectors, we design a compre-
hensive similarity framework that combines three complementary metrics: Pearson correlation (empha-
sizing pattern shape), Euclidean distance (emphasizing magnitude), and Chebyshev distance (considering
both shape and magnitude). This integration forms our proposed method: Synoptic Similarity Net. Finally,
the operational application effect of this method is tested and evaluated in detail. The results indicate that
this method can achieve the highest average structural similarity index (SSIM) and lowest mean squared
error (MSE) relative to the traditional methods, demonstrating significant improvements in both metrics.
Case studies across seasons confirm that the historical analogs identified by Synoptic Similarity Net exhibit
both greater numerical accuracy and superior spatial pattern consistency compared to the original synoptic
fields. These results demonstrate the promising potential of this method for meteorological operational ap-
plications.

Key words: synoptic situation, analog forecast, deep learning, similarity criterion, evaluation and verifica-
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Fig. 2 Comparison of (a; —f;) the original synoptic field and (a; —f,) the reconstructed synoptic field with

the features extracted by deep learning model at 02:00 BT 14 July 2024
(a) 200 hPa, (b) 500 hPa, (c) 700 hPa, (d) 850 hPa, (e) 925 hPa, (f) surface
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Table 3 The SSIM and MSE of different levels extracted by deep learning model at 02:00 BT 14 July 2024

Ei=X 200 hPa 500 hPa 700 hPa 850 hPa 925 hPa b1
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MSE 0.01 0.01 0.02 0.02 0.03 0.02
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Table 4 The averaged SSIM and MSE of different levels by SSN and three traditional
similar methods during the data application period

i SSN BEIR b I 5% W ER i PLEEES
SSIM 0.50 0.32 0.28 0.28
MSE 0.21 0. 26 0. 26 0. 30
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Fig. 3 The original synoptic fields at 02:00 BT

2 February 2024 and the corresponding best

historical analogs retrieved by different methods
(a) the observed synoptic fields; (b—e) the best analogs obtained by (b) SSN,
(¢) Pearson correlation, (d) Euclidean distance and (e) Chebyshev distance
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Table 5 The best historical analogs and the corresponding synoptic conditions in Hubei Province

retrieved by SSN and three traditional similar methods at 02:00 BT 2 February 2024
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Table 6 The SSIM and MSE of different levels retrieved by SSN and
three traditional similar methods at 02:00 BT on 2 February 2024

ik SSN L&Y PS K ER B VIEAE PN
200 hPa 0.13 0.15 0.11 —0.01
500 hPa 0.81 0.91 0.73 0. 64
700 hPa 0.35 0.31 0.31 0.21
SSIM
850 hPa 0.43 0. 40 0.37 0.20
925 hPa 0. 54 0. 50 0.37 0. 36
b 1 0.78 0.71 0.58 0.56
200 hPa 1.68 1.74 1.19 2.10
500 hPa 0.08 0.11 0.14 0.12
700 hPa 0.35 0.41 0.38 0.50
MSE
850 hPa 0.34 0.38 0.43 0.83
925 hPa 0.28 0. 30 0. 39 0. 36
b, T 0.14 0.15 0.11 0.15

3.2.2 2024 % 7 A1 B 08 e Aamte k=45 iF
i3
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BN — B XA AR — 7 . Ik % W ok R 0 B R
Gt :500 hPa P4 XU i 35 fl =5 . 700 hPa 23 & i
FEIE BOM PG I — 6 38— B iy AR A —Pa g
] {2 A8 2k, 850 hPa Y) A2 Z5E ] 5 700 hPa i
AT AL E WA MRS 29 50~100 km, M SEHE K
F07—10 B K FEALT700 hPa PIAEL IR 58
R K ) 3 F2 457 F 850 hPa HJAS LR [t i .

XFH SSN FfE 58 77 ik i 45 5 (18l 4) , SSN Jr ik
X} 500 hPa i # BE DL R R 3t J22 o IR 2 B9 XU ) i e

AT, %t 700 hPa fil 850 hPa ) 745 2% 1 T 25 Ml {7 &
14404 i 22 300 S0 T R PR B R S R R e T
500 hPa {7 6 BE X[ LA K 700 hPa i b w38 1
K03 . 17 . 850 hPa )48 28 5 [ 45 52 156 5 B iy A7
A0 P 5 R R A OC 25 )2 XU B B AR K R
2, FHEI N 500 hPa K LLF N AL T 56 A2 ALy
SRAK A s ) LS5 R WX 700 hPa P) AR 2R I A Fe e, it
4h 850 hPa b ABA AL F 1AL h i iAo B K 43 A
HR BE AU T RARG R GH S 0 L)
] /N RO 2 RS A G, B T R & At
(D,

SSIM 1 MSE i, [f] F£ £ B i 5 b — A4~ 1] 2%
RIEHLHE (3 8), SSN [ SSIM Bk 925 hPa #h ) it
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Fig.4 The original synoptic fields at 08:00 BT 1 July 2024 and the corresponding best
historical analogs retrieved by different methods
(a) the observed synoptic fields; (b—e) the best analogs obtained by (b) SSN,
(¢) Pearson correlation, (d) Euclidean distance and (e) Chebyshev distance
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Table 7 The best historical analogs and the corresponding synoptic conditions in Hubei Province
retrieved by SSN and three traditional similar methods at 08:00 BT 1 July 2024
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®8 202457 A 1 H 08B SSN M =FE MAB L F 7 & E B SSIM #1 MSE
Table 8 The SSIM and MSE of different levels retrieved by SSN and
three traditional similar methods at 08:00 BT 1 July 2024

&b SSN %Y i:FS K LG Y%k
200 hPa 0. 20 0.09 0.18 0.19
500 hPa 0.70 —0.22 0.05 0.39
700 hPa 0.21 0.13 0.19 0.17
SSIM
850 hPa 0. 30 0.18 0. 26 0.25
925 hPa 0.19 0.13 0.18 0.21
b T 0. 50 0. 40 0. 36 0. 38
200 hPa 0.93 1. 46 1. 66 0. 86
500 hPa 0.10 2.76 1.13 0.26
700 hPa 0. 66 0.74 0.76 0.79
MSE
850 hPa 0.43 0. 66 0.48 0. 64
925 hPa 0.92 1. 26 1.10 1.11
b 1] 0.29 0.27 0.53 0.31
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Fig. 5 The historical analog corresponding to the weather consultation on 14 July 2024
(a, b) 500 hPa geopotential height (unit: dagpm), (c—h) flow fields at (c, d) 700 hPa,
(e, £) 850 hPa, and (g, h) 925 hPa, (i, }) 24 h accumulated precipitation
(a, cs e, g, D 14 July 2024, (b, d, f, h, }) 12 August 2021
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Fig. 5 Continued
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