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Abstract: Addressing=the persistent demand for historical analogue references in operational
weather forecasting and the deficiencies of traditional retrieval methods in efficiency and
objectivity, this paper proposes a rapid retrieval technology for similar historical weather events
based on image fingerprinting synergy. This technology employs fingerprint similarity detection
algorithms from imageology and establishes a similarity quantification method and single-variable
synergistic query algorithm. Guided by synoptic principles and considering the coupling
characteristics between upper-air circulation and surface variables, we design a multi-variable
synergistic query algorithm to more accurately identify historical precipitation fields and the
corresponding circulation patterns similar to a target weather process. Based on these techniques, a
historical similar weather retrieval platform is developed using a "Cloud + Client" architecture,
which enables efficient retrieval of historical analogues. The platform has been operationally
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trialed in the National Meteorological Centre, demonstrating good application potential and
practical value in forecasting several weather events. Statistical verification indicates that the
similar cases retrieved by this method significantly outperform climatology in terms of anomaly
correlation coefficient and root mean square error. Finally, this paper discusses future development
directions for technology, particularly in algorithm optimization, objective evaluation, and
deepening application.

Key words: historical analog weather, similarity retrieval algorithm, multi-variable retrieval,
intelligent weather forecasting, platform architecture
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Fig. 1 Schematic diagram of the fingerprint construction process baséd on/precipitation field
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B2 BL“75 - 87 [ KBV ILRER) 240 RiFFKEDY (@) HisMA, (b)) RERMNgc, d) LHER
KB AT B S A A8 J2 L AH REFK) 500hPa (234w (S5{EZL, FfL: dagpm) Al 850hPa XUIZC X))
(a) HAsfiN: 197548 H 7 H 20 if % 8 H 20 K.
(b) HEFE (24h RiFF/KE) M2 201547 A 14 H.20 B £ 15 1 20 iy
(o) ZEZR HMzh71H7) #: 2000 F 7 Hé 020 B2 S5H 20 i,
(d) 2R G PIMEREAET) K2 1963 4£8 J\5 H 084 %6 [ 08 i
Fig. 2 (a) The 24 h accumulated precipitation during the August 1975 Henan extreme rainstorm taken as target
input, and the most similar cases retrieved by (b) singleselement and (c, d) multiple elements and their
corresponding 50 OhPa geopotential height (contour, unit: dagpm).and 850 hPa wind field (barb)
(a) target input: from 20:00 BT 7 to 20:00 BT 8 August 1975, (b)'single element (24 h accumulated precipitation)
search: from 20:00 BT 14 to 20:00 BT 15 July 2015, (c)multi-element (adding power factor) search: from 20:00 BT
4 to 20:00 BT 5 July 2000, (d) multi-element (further adding humidity field factor) search: from 08:00 BT 5 to

08:00 BT 6 August 1963
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700hPa FHXHIEE . 500hPa A7 & EEIIALE 4354 0.3, 0.2, 0.1, 0.4, (ELZEEK
WEEE T, PRSI EANEA 1996 428 H 4 H 08 1% 5 H 08
M RSERE (E 4) .

3 0.0
24 BSEESK R {mm)

4 423« 77 ISR RMAGIRL: 24h RilWMoKE GG KAHR 5000Pa 5l (%
{H%k, HA7i: dagpm) A 850hPa X3 (X&)
(a) BFREIAN: 202347 A 30 H 08 IZE 31 H 08I, (b)ZEREEZY 1996 £ 8 A4 H 08 &
5 H 08 i
Fig. 4 (a)The 24 h accumulated precipitation (colored), $00/hPa gebpotential height (contour,
unit: dagpm) and 850 hPa wind field (barb) from the case study ofathé July 2023 extreme rainstorm
in North China
(a) target input: from 08:00 BT 30 to 08:00 BT 31 July 2023, (b)“multi—element search: from
08:00 BT 4 to 08:00 BT 5 August 1996
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PG R . 78 ERAS B HTEUE R AR A1, R R R, ZEHEK
R E AR HER BT 10% 0081, TSI SR AU )~ 38 2L R
5 HAR TR Z A1) ACC #1 RMSE, [FIBS, THE HARTURA S 1.3 R A
{2537 2 18] 1) ACC Rl RMSE, 1E NS IRIEME, THE MU 2R 145 R SR

MR (ACC H TR /RMSE [RRER) « 4Rk 1 frr.
1 2023 FEALE RIS R 45 B 5 AR

Table 1 Comparison between similarity retrieval results/of,batch test
period in 2023 and climatolegy

MEGE AR PR
RMSE/
N ACC RMSE/mm ACE dagpm |
Gt & (24h BilfEK  (24h Bil | (800hPa iz ~ (500hPa *H)EM
) PRk ED P A T
D)
iifﬁ A5 1—3@1{ 1;;)%1: H 0. 454 0. 01 0. 956 43. 40 96%
BhiS555ES 0l 242 1.%4 0.92 82. 78
ﬁ%gﬁggﬁ 80Ab% 99. 4% 3.91% 47. 6%
ggg%ﬁ A5 1—3@1{ 1;;)%1: H 0/337 0.01 0.91 37.35 94%
B 55454 0. 201 2.69 0. 870 194. 33
ﬁ%gﬁggﬁ 67. 6% 99. 6% 4. 6% 80. 8%

MFE 1 WLLEH, BRERERMZERG RS BIRIHT 10%HH A5 HIFH AL
JESME 73 LB T 96% M 94% LA b o B RIAHBUESR 4y, Ui W SVERE B A5 8 Hu 4k
) B DTS A5 P AR 28 07 XA B AR BN 5 H AR Tididz 1) ACC AT RMSE,
HRFZR TR PRI b, RERRRRAUES, 24h RillEKE
[y ACC 27t T 87.6%, RMSE F#IKT 99.4%; ZERMRMEIH BENGE. X
I AT A AL, R 77 1K R 5 A R0 21 LU P 25 S bR 00 TE 30 >4 1 PR % 341
P st R
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B F R G ZHW R RN, 7 240 BitFE/KER ACC i, HERK
RIS T 2 ER R, XA REE Y BB R R 3 L T B KA B AR AL o
SRIf, fE 500hPa {7 %4 = 3% 1) RMSE JiTHl, ZEFRMRIVEEREEBEMR (B
FURSHI S R IFARE 80%) , XATFH 2 ER U RIBCTHEI H bR, B4 DL e 444
RIS FTEVERMZ, AR Geit45 R n] fe sz B prdk v e 222 B 43 e DA
LA TRRR IR 5 50 .

4.3 WHEHR

FT AR R EATT KB P LR R &, H 2022 4 7 A
BAERRIREHRANSHAH, WEREWSBT, FOH 2R, RESZ
MERIRIBIT . Wik 52 7] LLEE 21 G #3047 28 T P SEAR AR R, PR
AR T PR IE 5 Py 52 R AR RARALL R A R 2 T 3 b T8, o AR S 55 1
AR KR, ZTFECRBI T BUFI B R .

B, 2022 FEAAZ JoRFEK RIS 507971440, PUEHIX R
Al VLR HER RS e SR AN G e doa S (R e R B o e K R U AR R
Mgk, 20220 , 6 H 26—30 H, W) ZIATTI . w2 R AL IX B
IS N A=t i RET P e AL A SN 52 7 ) SR B u SR i <
2022) 1, PG ¥ SR AL RAHAL B TS, A RCCRE T TR A R K
FEVE X | R DL SRRy 6] 8 S, 2023 45 1 H 12 HAbEWIH i Ot %,
2023) , E%% 500/hPa s S 850 hPa =i/ b RIFRAISLFISL M, 4R
IR JE A B WS R 27 AN R K B SRR TR AT, ~F e R BRI
SEFE AN TR AR O T RE TR AR (8] . AHAS R . TR T I B R
LIRS . B, £ 2023 £ 9 H 23 ANUMNITE S RATHR (IMTE
%, 2023) fRSH @I 1959—2022 4F 9 A 23 HATE 15d 3£ 1984 MEAE
AR R ANk, #5217 LA 588 dagpm ZE AR )Z i R KON EEAG R IKT, IR [A]
() 18 MEARIES R R 3 NI 1 59FF/K, ot sORG HE TR AT XURS: $2 I 111
At 1 I h AR S

IR R ISR s 1P SEAR AR AR G AE H RO ST, Rl A R 2
ARG i R A PR B0 S P A B A AR B A < ~F 6 T DS TR 54 5 e 5 AN
W ) S TRz AR A I E RS B
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5. & 51ig

AR SCAT IS R 55 ot By ST BB R 0 a DI R, DARAE SN L&
A fa] L ELEVLFC AN AL, THRE 1 I AR LR A R BOR 0 72 51 6 B
TAE. EELRWT:

(1) AT T4 1 15 A0 B AT 1) i SORBL A I 35092 N P i B I e 20 A
BRI SE IR S R B3R AR B, 51N B0 5 B3O ADUR R R R 2tk 3
IRREVHR R 4R IR A O IRAESR S0, SEDA AR S RO R o i 12k %
Ky REE 2 R B E R I AU AT NS AT 2 B a2, Heds B 41
SEHER E (2 F R R REAR AR A S AR AU B S A5 419 3 Wi AT T4
KRN, 2 ZR R R ARG EARRC B AN 7 AR OE SR i T R
i

(2) T “m+im” J80, TR T I SAUREGER R a6 R i
MBS RIGMRRSEBE . @0 G A HERE /71 L LRI R 45 2R AT AL
e, DR RARGENWIFRA, 752 POl 55 A H IS 1 R4 f 8
FIZCR, 3RAG T TR 53 ORI S 15t

(3) AHWFFUR I I 1 AR RIE R B ST 6, RENE 3 B TR 53 M
B 3 S R v 2 AR AT A AR S 21 T RO BB R R R . MY
A BT IR G ST A B TR S IR R R R R B AR, T TR
28, ISR TTFIREE 0y IO AL R T F AT TR ARt BAT R 2 S
AN B ALY S5 R -

JE P SEARLR SR R S AE AT 55 R TP U 1 — 58 A (B AT R A2 LA
NIV HRE B35 . B e, HRTARUIR SR St X/ N B RO
&, BRI XA, (HIN 7 ARG R, RKRFUIE R A&
A B DX 3 B VA A S N AR B R B . FL, R A R AR
PEHIT 3= BB TR 01 £ A5, AT ACC F1 RMSE S5 G tHFR AR AN & DL 58 42 S it
REERTRFAE R EAE, F A e S PP TR bl &R . 6=, £&H
FRERA T, PTRR G GRS 2 5 AR TR R E S e B 71, FFEER A
RASFEAH TSP E D BOHME , 51N T KRR BN &2 2] 7 ikt AT AR
@A, B, FEES A RN TR R ARG SR A IE ML, RN RB
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FLARUIH AR A RGN, H)n, MRCRGNAIME, RRS58E
PR Al AEBR L& AR R NN GRS, DL R SRR R
RS P SRR FIERSAGIESE, AT ST AR AR KR AL AT /113
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