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Similarity Net
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2 EfETAZ G, M 441021

3 KHTAKE, X 430040

4 FEARZARXERARAANLELALRF/FTEARZ BRRBREAEEFHLRE, R 430205
WE: LGOI A — AR B BRI Z =4 A5 5, RSO A—ARLH
FEHEREATE: RARG “TB7 M “MEH” ZIAEFREZE . v ok R 7R

177 VRARRORL IR VAl 45 R 127 T BRI S5 AR U 2 (SSI
AR T 50 715 SSIM $27+. MSE BRI Z 2 AT K
PR 26 D LR AR A FIAE L R 2 B DL, AMUEUE B S R
JEEBH L R0 1 I8 PR 5% o
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AR 7 i R 24 KA Hys At i, 500 EM (BT R 5
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ER X AR
Yool

L) 2O E R . IR OR A AR AR RN,
K (XF5IE%E, 2007; Easterling etal, 2000; Meehl etal, 2000) ,

[FIIN, 32K JRy Mk AR i R SAEATE 5 R 5 BT - SR A BE 67 B S0 /N RUER ARS8
IERIEV-4ES L~

)<, T H AT PR O v e DL 7E 40 Sk Ui BREE, 2004) , {HAH

SRR R I =GRS E,  ELAR AR B A A A JE 2 AR
X /INEEZE AN S B A A BRI AL B R ) (TR B D5 5%, 2003) , [RIGAE B Sl 72 b SR B A
AR RATEEA, 7 A HvT ReiE B s AR RS, 7 B R AU R IR s 1) — P SR 1L 4%
(Zg2 g, 2024; Huetal, 2023) .

FHORHIE FUAR A, AHAL TR SR B 1 R S BREAE T AR A I (R e 1 5 1 E B 07 RSB,
IR (1986) $RHAMMAEEELIOKR, A2 5 H UMK R s REBONEEE AL RS
RAE, KEARATR 5] NB SR BFK. KiE, mBSES 528 R (A%, 2012; BRIoos,
2012; g EE, 2018; FELE, 2023) , il & XESEMAEPHISE R SEH (X HE,
2006; [FHFSAE, 2009; E/NEELE, 2013; JHL LA, 2017) , HENHTINEES (LR
&, 2012) \ UKE (VPJAREFIREIF, 2003) FOTIARAN 1A FIE R R CAR1-F4, 2021)
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FEZ O 7 KB 5, TRRRGR — s T IR B R B E N =425 6
X — 37 5 (B R AR SEAR ATV se B v i b R R 2 ) RSB 35, FLARAL A B &5 %EE
ZRBOR, Ja TR PR AT IR HE A, AFEBCRIARETE (54, 2024) .
WAL, AAAME SR ARG RBGEE T TR AL, IR REBCE I E TR Y, ZR
B ARALLH R W 22 5 A7 AE P 2B R EEE S IR R B, SBURRIRZERR (PR,
2011; ISR, 2013) .

P AER DILES 27 2] AR I N LR REHAR IT M AR 3L, JUH R AE UG R AT [ )25 B 45 4
BB RGN N A B2 E N B AR, BT 2R SRR AR R R SR )T, A ®
FEWIHBINBIR AT F, FEIAS T RIS CRICWSS, 2020; J8 20555, 2022;
KRBT, 2023) o EFHMFSLEZBIEK: REE AP SG7E /N X 35
) “CRIE” RGE, H T 4B TR R Z AR AT BB 2 Rk, AR S DL AR AR 242 ) 2%
(Krizhevsky etal, 2012) #1 Transformer 5% (Vaswanietal, 2017) N3 %, tE7T
— P EA R L IR B SR, PR 2T 2 miE R s W
WFHIER, FEARDFH RS AHLAIERILER A, AL T — P =48R ‘
Synoptic Similarity Net (SSN) , # 5 #4 v S A LA Sttek o 32 A 2
E-SUY e = N3 VAR N P = B S i e | LA R0 R &7 \Bi{ﬁ i}
b1 1B SN I NS D ke 3 = iﬁimlﬁl’ﬁﬁ%’ﬁxﬁﬁt

1 BORAIG ¥

1.1 &8
A FEEAFR T RN TR R A TR L (ECMWF) 28 TACES ikl (ERAS) Al
I R AE TR TORE, 2R R] R 1994 4 —2024 -9 1 30 [, 2 [a] 43 #24 0.25°
X0.25° , WA 7 #2504 6h, Hoh 1994 42 1 F 020 4= 12 H 31 H NillZEdE4E, 2021
F£1H1H—2022412 H 31 Eljj{w i K 7%,202 1 H1H—202449 A 30 H ECMWF
A U)o S FH e A, g Z 5 E)IGAESHOEE, Kt
g5 T DLW e AR TR 2 HCR n‘m‘u&%ﬁﬁ‘iz SSN [ itk fig
1.2 BRIEH*E
NG BV
K6 Hrtk R,
MRz, FHE5MAH
ARl B N\

<

AP RE T, A S PA S BE R Sl AR, 1B AT

75 772 Meaq Squared Error, MSE) FAFFLANM 5 5237 (50 T _F
gﬁmm similarity index, SSIM) i & ARLNM 1] 5 S it 3% 25 1]
FHERESE FES, TR MSE 201, B ERWIMAT 7 i
T ORGP IR B R AR AL RE i HE bR, HAERMG Y. B M. B
rElL BUGRIE R TR R SR 2 M, HAZ O AR BB N s B . 0 B BE A4S
) =ANAEE R A, HEER IR = AP 3R R 5B A AL R 4 W 195 ke PR ) e 2 A ABA

FEEE (Wangetal, 2004) , SSIM A~T-1 f1 1 2 [f], H4FKEF——FER SSIM FIMEZ T
1, ZWA-1 (Yangetal, 2014) . MSE il SSIM 45 A0 R

13 i 2
MSE =— b d. —predicted.
N " (observed, —predicted, ) (D

i=1

(Zyx,uy +Cl)(2c7xy +C2)

2

SSIM(x,y) = (W2 + 1 +6)(o7 +7 +c,)
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BT T oy ol AT A R 7 2, S8 FRPTIK RS A X L, 16
SR, WHEERRKR PR KRR ZEREIRN (AR SRSS . RS BIIRESE)
O WA BB Z I8 8 )5 22, B HFRR K B Z B A E, ZEARIR

Yate IS ORI CHORILR BB s . G R B 0 B4 ., il C, HOAE B Ik
SENENRY, e =(KLY, ¢,=(K,L), LATRBEEN (LR IHED AT

I, 1 K A K, s Eom, — e~ K, =0.01, K, =0.03. b4, Zi@iE ) MSE 1 SSIM
1 % OB IE Y MSE A1 SSIM 345753 3],

2 BRI
2.1 $HERRIER

FRHE BT AR HE R R RS R 0 YA 5 O 3 P R R gt 45
VFoZE55, 2014; SRS, 2015; PhER%EE, 2020; %4
K37, 500 hPa =3 #1837, 700 hPa. 850 hPa. 925 hP
B35 14 NER ARG HNFER, AL, N 7R
DI | v = L S W 2 N s el O o e = O N L e 4 1N
%ﬁﬂﬁ¢%%%%¢%g,%%ﬁmlﬁm7n7E 28~35°

=11
Table 1 List of 14 predl of variables

JZIR 200 hPa 5001hP 850 hPa 925 hPa i

» ACiHY 200 hPa
KRS AT

1) A AT
AL BRI, T

FRE & u;v uv uv u;v;msl

2.2 {REINEEN

Qﬁﬂ%(mjeo%Dm BT 25 (1 T M B 5 ST, 2 B T A (B
I¥ B 4% (Hinton and Salakhutdinov, 2006) , A% AR i@ T — AN gl
LA N BSOS R 48 il — MR GE I RHER R, A8 E i8I —AM@ig 2% (Decoder) ¥
URSINEE . E D a8 7030 P4 4E 5 Tk . SR AE SR SRR BB
SRR SRR AT 2 IS, AR SR TR AR ARRE SR R EC S AU 2

TREE 2 2] A g s 8t Zm it 2« HSIZE AL 38 =3 ik (B 1) o N T S ampiy
X 2= [ B A B IARERE 77, 1 e ik T B T A6 R AR e AL B s, FRIE I iR L
Hl S5 RHEIZIEE SN, BRI ITEI T

X X+Plat+PIon (3)

X (3) 1, X REIBMNEE, Py A P 4B 2 BRI BE AR A R B RS o 4

HE B TKE X e RO™Y, Fild £ 2 S BRIEENE, B RIGEE. Hd, R %
NSRS CRonBIEH: H MW 95 Rom 2 7 [ RE B T7 I R s A 56— 26
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BB N ETE R 14 (BRI 14 DMRFAERD |, fidiE s 32 BRI K/AINA 3, ALz R
N 2. FEINFFE X BEATGRRERAE, SRIUR SR, 8t — o4 2t AT bkt Ak
B, JFEH ReLU Bud BB AAREedE, 52 EAR MRHE IR . BT SRR, 8/

REAE B 23 0] 2 6, [R) OR BE 2 BEARAIE, SR8 )5 51 N 223k F VR L (Vaswani et al, 2017),
HEpRSEHLN R
. oK™
Attention (Q, K,V ) = softmax \/d_ V (4)
k

X D, Q. K.V 45il#pRE# (Query) « # (Key) FME (Value) #if%, d, h

SEALERE . AZHLE TR ARRIE R BE R, SR RIS R

T BRI E, R B R TR B N R R 1 4R
MACIEIE RO 32 Hehn ) 64, 2% = JRAFIEEIEAE N3 128, FHEE HIED
LB RS E , A5 2 4ERISUR & .

R AR

FUTAGEIE R 25— J2 BRI Transformer R HLIEIE £4
64 Jil/b 2 32, =R REGPRIBEBIK R BN 14, W T 55 RSEAILAL,

(RRD B S5 M) S MR SR AR, T R AR A TransY er

A%
LCHIE e
(14 x 29 x 41)
Transformer i (32)

| SR

512 — 11264 o
e LI -
§ THYEREERRGA - 32

3 B
Dropout
Transformer i (32) Transformer i (64)

B 1 AERIGER B CRRsRE P st s, DIDHLHE PRSI, Aoy AR 28O
Fig.1 Model architecture (the encoder is in the dashed box, the bottleneck layer is in the bold box, and the remaining parts form the

decoder)
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2.3 RERNGERIESH

AL LA i Y P 4 R AL R 37 R SEOLRHAIE 37 2 [R] ) MSE Nk i, SR Adam
feteds, XA SHGHAT . IR R RAE SRS K45 5%, JF{H] ReduceLRONPlateau
SIS ENA B 2R, HIRIERKIBURAE R E IR A BoA A MRS, $RRTIF1EIIZR, B
1B G WA R BONR AT S, G EEAR GELU e &k, Rl f A DL S AL 55
%, ARUNIRR TS HIRN R, AR TSR AI R4 T U], seal 7S
WAL A 1L, SRR 2 W W& 2.

*2 BN BSHIRREXE

Table 2 Search ranges of partial hyperparameters

ZH ERES iAW NN Ul R ZYESE THBURYERE B

X [] 10%~10"* 32,64 20,50 64,128,256 64,128,256,512 10°~10*

2.4 REYRBL
DA SRS SR X R AIE [ B SR S 40 = 4 RRFIE R O RE ), RIS
14 F 02 i LS, FRD S4-EEY (H2) , AT LUE SRS )

P R B UREIEFA AL, 500 hPa b Iy 2K g v G AB AR A 7 3
AEFAWACIL IR — EAE M A R F, 850 1 925 hPa Ll 3t

850 hPa X% 11 SSIM {f i1, 14 0.89, 200 h
SSIM #J7£ 0.8 LA L i MSE K F SE f =tV kv 0.03, 200 A1 500 hPa

WL, BRRSARGNLSERES, A
5thPa, HERIHIRCR A, REABI R

N E R .

(AWRE /2o

~a 4ot L N
HO" € 113" £ wne" L 10

22024 427 H 14 H 02 B (Jbmti) JFUGTE A A R SR HURIE At S @2 L AA R L (£ a1, bl. cl.
di. el f1 4 %% 200, 500, 700. 850, 925 hPa a3t & M 7 5L 4, bl 7 fl  H £ 4 7| % 500 hPa (L% & & foig F & Ak, a2~f2
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Fig.2 Comparison of original field and the field extracted by deep learning mode at 0200BT 14 Jul 2024(a1.b1.c1.
dl. flare 200, 500. 700. 850, 925 hPa and surface wind field respectively, the colors in bl and f1 are geopotential height at 500 hPa
and sea level pressure, a2 to f2 are characteristic field extracted by deep learning mode correspondence level respectively)

T3 202457 A 14 H 028 (LAY REFSIERERREEEH MSE F1SSIM
Table 3 SSIM and MSE of different levels extracted by deep learning mode at 0200BT 14 Jul 2024

FEFRVE X 200 hPa 500 hPa 700 hPa 850 hPa 925 hPa biiA)
SSIM 0.59 0.63 0.81 0.89 0.85 0.76
MSE 0.01 0.01 0.02 0.02 0.03 0.02

2.5 HEUFIHREES
W N B AN SR AR, (45 21 7 X BI Br2e i A A 32
FAEFAE) , RJEIRIEIZFHEE, DA LRE “T27 1 EIRIBARSC

MEZEHRE T “TBAE” BIVIEE S ROARLLAYE % B -0 A A AL

FIYE, RSB REATHY, L5 AR 18] AR TN Ny AIRIES
B A5 SR e AR A M RS 5, 2T RHE RN H AT S 45d
(3 R #R5E, 2008) ﬁ/lﬂ3A%UTE%§E']HU5%HﬂLI‘EU/4‘/ ' MR D, EH

LKA 22 A 18] s A 2 A0 10 B S e (AR LU 8]
IR M ECHE M REA R R 2, BB RE R 7 RAE
(A ML (PRHSE, 2011 RifGiEsE, ) .

3 MG R

3.1 BERIETS
%4 %Fﬁﬁ%ﬁzﬁm‘%&ﬂq%

SIM A1 MSE. ®] PLE %, SSN #J SSIM 1 =,

9 0.5, @:é}fﬁmﬂm %%U?E%ﬂ ‘ ] SSIM 1%, Jv 0.28, FZ/RIMHIHI SSIM
M>5 0.32, SSN AExT R, HEERETE 56.3%~78.6% 8. 4k SSN

1] MSE 1%, 1% INEF JC AT RK IR 25 1 MSE R 0.26, VIELE 5k MSE 5,
ik 0.3, HHENF1EE ‘/2 SSN (1) MSE [FIFEFFIKAIE, FRRIREEAE 19.2%~30% [F]. Fik
G5, HEME SSN TR 0 sE ARG, ANMEE N )R A
Y, 1 7| W5 I HTE I A .

BEETER SSN #0 3 P HUARIN TS SA7E & 2 480 MSE #0 SSIM

Table 4 Mean SSIM and MSE of SSN and three traditional similar methods during the application period

TRARTT % SSN J5i% BRI R PG 15 VIEEFR
SSIM 0.50 0.32 0.28 0.28
MSE 0.21 0.26 0.26 0.30

3.2 RN

EIREBARASIRE ], SSN JAfEAR IS BL N B G keGP S
M X A ZE AN 2 = IR R R R AR, IR SSN T2 Gk A S Bl 55 R 3L
EIVARALURSE 2R (14 0 A SE FH AR
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3.2.1 2024 4% 2 A 2 B 02 iH4afte & 740 5 ik 45

2024 4 2 A 1—2 HdE L 7 AT SRR W S kG R A0l R, HAsimbde. wide
RIS EIRE, RS, TLACPERICHEA R, A 4R X % m % K 10~30 mm,
Hr 2 H 01—04 B FEK £ AR Ib—Farg AR An, A TR 2= )AL —a7 . skt
IR RIE A LRI 500 hPa | B ST EFAAT & e 3L [R5, eIt /22 74 B ASORURT D AR
A S S AEAL R ASIE (R3S, 2024; EIMINAE, 2023) . 2 2 H 01—04 i FE/K
FLRAELE 700 hPa J RS 22 A 850 hPa YIAR £ e (I, %5 3% & /K ) 3 EEA7 T~ 850 hPa 148
A EEM . XFEE SSN AL G ik 4t 3 (& 3) , SSN J7idh &% J2 XU ) 5 Sz i S v &
JeHSE 700 hPa L2 LA L& 850 hPa U1 ARLk (A B 5 sl e w0, i R EQ A 55
B IRBAYI LS R 3 Fh7 i 850 hPa b D) AR 2R 45 Sizivd 341 BA S5 2R f e » LD AR 28 9 0 XL
) (4R S ot mSs, kAh, PIEEES 9% 200 hPa /A0t T F H, 925 hPa 1k 4% AU it
& o SR T7 IR AR B A ALAN B B 1] B KR 5

MEMIERHKFE (F 6), 200 hPa F1 500 hPa I 7 /R H 5% ) SSIM 1
SSN ff] SSIM 7E 700 hPa J LA R JZ IRk =, 1l MSE B 200 hPa Flkh:
R T T T 058 — T

1034

1ox

BHNR copen

10

[ W NE o o5 w o
1a? "ne fn n wrsm rnmaT s W et pmxr e’

32024 4£ 2 J1 2 H 02 i (JEmtiy) JRIRTEH M AT 5T R P L BB S (ae fiko5:
DU AL IS SSN. B /R ARG K TR 2 AN YT) L T3 R A5 B I s AR AN, 1~6 437329 200, 500, 700, 850. 925hPa
IR, 2 F16 FUHETRFE 2)

Fig. 3. The original synoptic fields at 0200BT on 2 Feb 2024 and the corresponding best historical analogs
retrieved by different methods. Panels a~e show the observed fields and the best analogs obtained by SSN, Pearson
correlation, Euclidean distance, and Chebyshev distance, respectively. Panels 1~6 correspond to the wind fields at
200, 500, 700, 850, and 925 hPa and at the surface, respectively. Shading in panels 2 and 6 represents the same
variables as in Fig. 2
#< 5 SSN 71 3 FE MBI EET 2024 & 2 A 2 B 02 R0 RBIG A £ HAERUN I AN IR S
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Table 5 Best historical analogs and its weather in Hubei Province retrieved by SSN and three traditional

similar methods at 0200BT on 2 Feb 2024

BE:5ive) - A
" SSN 75 Be/R AR MR R VIEESN
o
] 2018-1-4 1996-1-16 1995-12-27 2015-1-28
ot WRTHS, FrpE—ER  SAREUSNRERHE, 5 B NWRWRS, mil NERE, SRR
=
JerER T [ ¥ el e BN HEIRE

6202452 82 H028F (dLFRBT) SSN F0 3 FPEMABINFT A4S EAY MSE F0 SSIM
Table 6 SSIM and MSE of different levels retrieved by SSN and three traditional similar methods at 0200BT

on 2 Feb 2024

TRARTT % SSN J5ik IR R I

200 hPa 0.13 0.15
500 hPa 0.81 0.91
SSIM 700 hPa 0.35 0.31
850 hPa 0.43 0.40
925 hPa 0.54 0.50
HhTH] 0.78 0.71
200 hPa 1.68 1.74 119 2.10
500 hPa 0.08 0.11 0.14 0.12
700 hPa 0.35 0%1 0.38 0.50
MSE 850 hPa 3 0.43 0.83
925 hPa 0%80 0.39 0.36
Hh T 0.15 0.11 0.15

3.2.2 2024 57 1 1 B08# A8 H G 5 Tt
2024 fF 7 H gwf SR (M R IR T R UL, R R Ot X o R K
B, B ESR2VA, KFEPL Lok At 12 4y, Hor 1 H 07—10 WK 2R AL —7 R

HOR A AT U R A — IR —SE AL . LB AR 3R AR St 500 hPa b
P EIE A &, 700 hPa b G A g, I G v Jb—t i — e 1 2 AR AL —pi Rk

] ) I 2 1) 2 Pa _EV)AR 2 7E 7] 5 700 hPa i F-F4T, HAL B W 4~ 75 2 50~100km.
MEEWKRE, 07— R /K FZALF 700 hPa VAR LR LLrd , o F4 /K U 3 247 T 850 hPa 1)4%

2]l plae

HFHE SSN AME G iR 45 Sk E (K 4) , SSN J7i2:5%t 500 hPa fi7 34 45 B LL M %t it J2
RJZ B XA S B2, Hoxt 700 hPa Al 850 hPa HJ AR £k i T 45 Al B AR S ifr S, 1
DK PR EE B A B 1R S 1 500 hPa F A F5 FEAT XL R) BA f& 700 hPa b it & Ak, T
HH 850 hPa )48 2% ()76 R Sl BB BEU, LA BRI W vE s B /R % 2 3735 AR
Kigze, HFEERIA 500 hPa J LA R NAL TS S sa i %in: YIRS RI%F 700 hPa
DI LR WA S, A 850 hPa bt AT A T3 db s MG o BA 7K 2 A1 A 55 B AN Lk
T R4, d5WESE., FFENE. FNRELREEA G, R THRMERE GRD .

SSIM Fil MSE W[RIFERIH 5 E— DB (52 8D, SSN [ SSIM [ 925 hPa
Gh¥IEE, MSE NIAER 200 hPa Ak 7 B A -
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42024 7 A 1 H 08 B (ALXIHS) JRIGTE AR 7T B
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by different methods. Panels a~e sho
correlation, Euclidean distance, and Chg
200, 500, 700, 850, and 925 hPa and a
variables as in Fig. 2

%7 SSN

Table 7 Best historical al
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>N ek
107 E 10T T et
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n
wrem e e

BHENR dapn

b

FAIAE S (ame UL

AEARLIAME], 1~6 43532y 200, 500, 700, 850. 925hPa Fllih

pectively. Panels 1~6 correspond to the wind fields at
espectively. Shading in panels 2 and 6 represents the same

ather in Hubei Province retrieved by SSN and three traditional
similar methods at 0800BT on 1 Jul 2024

FH
SSN, 73 L&SUYES WK ERBR S UIEEES
WIRES
H 2021-7-2 1997-7-6 1996-6-23 2011-6-9
FEIRW, SRR ANEIRE, TEPCP IR SRR B AR BICW, LSO S
y ANEIT, PRI
GEIPN ST E | s T E PN

820244781 HO08RK (dLFZAT) SSN F0 3 FhE MR SETER 2R MSE F0 SSIM

Table 8 SSIM and MSE of different levels retrieved by SSN and three traditional similar methods at 0800BT

on 1 Jul 2024
E{ELINVIREN SSN J5i% PESIYIEPS RR PR B VIEREPR
200 hPa 0.20 0.09 0.18 0.19
500 hPa 0.70 -0.22 0.05 0.39
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SSIM 700 hPa 0.21 0.13 0.19 0.17

850 hPa 0.30 0.18 0.26 0.25

925 hPa 0.19 0.13 0.18 0.21

BuATi} 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 1.10 111

M 0.29 0.27 0.53 0.31

3.2.3 RAA BB E A 15

2024 4£ 7 H 14 H, ®El&Evufidtds, (EiBdE 500 hPa 3R 67 T & X iaH], MG 2 e
CMA b R TR A U 3 A SR — i fi HH R F K, AR R AR F 7K T

e [FFEVE DXL 5 AR /) PTBE B AL T ROA N R X JEik s e Y Gto
FE7 H 13 HRIE R, FEPHAH IR SR T SSN AR T S B W v s 2 [

(URFAL [ BT HEAT 1 AR 2R, Rz A2 S 2021 4F 8

700. 850 hPa) BENAHAL, FFEH] 8-12 i FEEE AR T [F] A1 B
A%, A TR RS 2021 4 8-12 I FE R G 2= I 200 Z K LA
LRI R BB SEULETTX . 2 EOHELT , FERAEEEERT]

i 5L IR0 A, (B AL R T4 4 21 500 hPa
S B B A X E“FEALL”, 700 hPa
F1 850 hPa BRI T A LA AL, /8

‘g'
K

(U o M A1 L% 1 AR IR Y
TR e, st P B s L)
725 S B IA AERE RARF 5

fl
fel
S5
P
ot
e
=
B
hit
=
4_H
EI:I:

s R AR AL AN E, RTRES 500 hPa A pEdL 5] A
OMPa iK% EEEE P

i, M P
EHERTA R, B
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Abstract: Analog forecasting is a widely adopted statistical method in operational meteorological
services. However, traditional single-layer similarity approaches suffer from several limitations:
lack of three-dimensional spatial information, unstable performance of single similarity criteria,

and frequent interference from weather system pattern and intensity (magnitude). To address these

Networks (CNN) with Transformer modules, incorporating Self-W hanisms, Which

effectively capture three-dimensional spatial features of weat‘a er)&;ﬂng upon the
)

extracted feature vectors, we design a comprehensive similarity f ork that combines three

complementary metrics: Pearson correlation (emphasizing pattern shape), Euclidean distance

(emphasizing magnitude), and Chebyshev distance idering both shape and magnitude). This

integration forms our proposed me tic Similarity Net. Comprehensive evaluation

demonstrates superior performanc he method achieves the highest average
Structural Similarity Index (8SIM) and fo
/w{ ating significant improvements in both metrics. Case studies
ml analogs identified by Synoptic Similarity Net exhibit

erical accuracy and superior spatial pattern consistency compared to the original

ean Squared Error (MSE) compared to

conventional methaeds

across seasongs confi

both greater
fields. These r nstrate the promising potential of this method for operational

meteorological applications.

Key words:weather situation; analog forecast; deep learning; similarity criterion; evaluation and

verification
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