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Abstract: To address the issue that existing radar-based precipitation extrapolation techniques can not adequately
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characterize the evolution of thunderstorms and cause systematic biases in heavy precipitation forecasts,
this paper proposes a heavy precipitation extrapolation and correction method which integrates the evolu-
tion features of thunderstorms. Based on the storm cell identification and tracking (SCIT) algorithm, a
thunderstorm development trend discrimination model is constructed for different thunderstorms by combi-
ning key factors including strong gradient zones, newly generated cells, and echo area changes. By utili-
zing radar reflectivity factor, optical flow vectors and dynamic Z-I relationship, we implement evolutionary
constraints and corrections during the extrapolating process of heavy precipitation. Verification on the pre-
cipitation forecasts in the main flood season of 2025 shows that in the 0—1 h forecasts, the TS scores of
the corrected products at the level of =20 mm + h™! and =50 mm » h™' are both higher than those of the
optical flow system, with the advantage increasing with precipitation intensity. In the 1—2 h forecasts,
the TS scores at =220 mm * h™' and =50 mm « h™ ' are still significantly improved compared with those of
the optical system, but the score at =50 mm « h™' is only 0. 004, indicating very limited operational guid-
ance value. Further analysis of typical cases of heavy precipitation demonstrates that the correction tech-
nique can capture precipitation characteristics of convective systems rapidly moving and developing to a

greater extent and effectively alleviate the problems of underestimating intensity and coverage that exist in-

herently in traditional extrapolation methods.
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Fig. 1 Flowchart of the precipitation extrapolation algorithm



%9

B WS TR AR AR AR 1 I 5 K AT IE R 1133

1.2.1 FRRAMN5HE

By 2 TS R AIE FRDORG M R AR T A L R
RGBT . B RS BRREEKEIR T 2R
A BB B S T e 3 25 1 81 R 58 AR R0 B AR
G5 — B 5E N R B =35 dBz (1958 [ B X, £
SCIT(Johnson et al, 1998 ;G /N4, 2006 ; 3 75 45,
2007) $5c ) J2 ik 1 B R AR I8 BB O R B ()
ApFR) o 3 1 TEAR AL bR R T or R4 R LA T i B sk
PR 3 A R 55T T IR PF BB 19 XU RO EeR
EAEMTFE 5 M 55 H BRS843R (O] 45
2010375 4,2015), L SWANS. 0 (%55 ik 41 % BF
B S il . 2% SCIT [ e HELR , %3t T 38
T2 G RS HE R s Bt 04 o [l i TR 5 38 B 5
o AP I EALHE R R R B RS BB
T 58 5] 3R U0 rh L 8 D B e W AR e 4 R T Ul
W R ]l (A7 5 WD A8 &R I 2 T 5 60 1 4B 3G OF
R W I Ry v 22 1] (B 7 1)) 5 9% 5 78 9k 8] 58 B v s
FE TG A 5 0] X R oK 6 min 1Y 07, FRAR
P 1l vhoo 6 B L B Ko 3 R LA K & &
(VIL) & FFAE AT IR C . 15 31 Fe 458 B 45

R DX 53 TR 2 5 1AL I DX 1) 20 245 R R AE AR 4 L
VI YNGR = U S A N T E Y S o N T AN T
VAN AN B g o R R R R G R NS R N
A o G v iR 2 PFRR R AR K RUBE 2 Dy 20 ~
30 km ik 85 BV 48, 2001) 5 K AR ) 2 2 A 45 2
R R ML FEHLIE X, HAKR 4 DL 35 dBz
[0 3 7 i T RRCA A T A A0 R R PR S R L T AR
500 km® GO AR 292 25 km) , 4[] 36 180 AL/
T2 R D0 Ay /N T RR AT 38 5 e 2z D) Sk R T AR [l

LRI AR Ry BB ) — Fp MR S A R
TIE 55 5| R 5 00 s 5 35 Rk K B B KL B el 9 L)

| Z(i nsj—n) _Z(i+n.j+n) ‘

HFRZ I [, S0 RS &7 o B S (2022) XF g 1|
A M, = YR B K G R I 43 AT 2 B L R X R A B B
L (1] 3 235 ) 35 3% B R T R St GOIRHE B B T RS
y ROREEXT AR, R G b SR A XU RS B
FEAR ARSI T A M LR SR K R (R] X
o7 OR300 1) 5 it /0N B K B R L O R T I RO 1 Ak
HETTARORS B2 o 55 6 AT A 880 B BLAR 7 ik Ry < R
[l 3 DX P9 T A 3k 31 38 o B (AN 35 dBz) iy [l I s
L R BN ZRIEIAT RS A B A M OE R
BB Ao TR ML, 00 o 2 K B el O X B 3
SRR o T T XF K S S AT R 5
1.2.2 FRELHFIE

X i PR K O LF S8 B R AT E 80 10 m -
s RV R A AR Bs B g R A F IS R DI X IR
P R 7K B 22 B0 R 58 1 5 6 DR R KO 5
PR 7 B 1 05 R0 X1 B 7, 2007) . 7K ST 5t ] 358 A
JE DR 5 b ST AR R R RE 8 Ak 2Lk TR FOoR |
THA UL A5 B 2 0 K 9 A — MU AR R
R 5 T A v SR AT A B DX A0 7 A Ve AL L TE
BT S R U 2 ol R BB Y R R T
A (1018 5 5 0 55 T LA B [ 5 ) ) AR b R
W, BT AR R LT 4 DS EUE N R
KR A A B T

(1) 5 B X )

B 1 X BRSF (2007) 32 H 41 A B 3 R IR Tk
SR BE T A 2K T IR BN R = RO I 2 R
kT BB T4 1 i R 3 T R R R X, E L SE A |
Wb BE TR 1 R RO B K S B 2 A, $h
JR B Zm A M2 XA 4 AT LG o Xl
HERMFEHRF (Z, BN mm® « m™*) FELL I
A AN T3 1) R EE Y B R A AR N = (D R

1

G = max(

lg 2n

‘1g ‘ Z(i nsjt+n) _Z(1+n.j n) |

2n

A AURA SR ¢ gL RERE R A
e B AR TS [ 20t 1,

(2) 5B BE DX AL T 78 3l i

51 K VA JBE DX 7 2 A AF AR BT AR B B AR
o6 I O T T A [ 1 B8 B T 1) P U
F1% A 12 DX A7 S K 3 A R o B T XD i A
ZE AR A A I O 7 B B RO B DY R IR
GUEA S |Sp AT RS B QTR & 22 D N L R VAR o 8 G R I 4 SN 15

g ‘ Z(; n.j) _Z(r'+vl.]) ‘
2n

| Z<‘ ) _Z<' 1) |
1 ijn i j+n )
& 2n

I 22 18] JUSA Ay [0 95 F) 5 B J3E XA 1 8% sl i N L4
H5E AT

D,. XV=0HVXD,, =0 (2)
AV SRR B 27 18] 2% s D 2R A TEL
A 1) 5B JEE DS B A 1) 77 18] 2R AR Do 2278 A JET
G R X2 1R R TS R H . D X V=0
PR VAE D o BT EF— 1.V X Dy =0 Fon V1
D HY TS A — 00 ) 6] 555 A2 065 VAL T D) i BT Do

b b

(@Y




1134 A

% 952 %

28 B TR X3

(3) % 3l Hi il 7 2k 44

X F U0 H A /0N T AR [ 3 ke B S A R
TR [l X el 5 3 W AR B R PO R
2t A (2) o SR TR B R S AL T 1] Uk A Bl i
N, FH 308 o 5 B X ) B B A RS Bl A S A
B LR

(4 [ 2 T B AS K

BT 22 7 B 220 5 [ YA R R e 2 A IS s 22
F 38 BE A5 B 43 0 T H B30 X i B 220 7 28 T 2 0 [l P IX.
(35 dBz<{Z<C45 dBz,Z>=45 dB2) # %t F — 4Bk
8 T FRAR AR o A0 45 T 35 [l gk 5 B2 AR Ak - 247 Tl
AR AR TF R [ ] AR A B K E B
1.2.3 FRRREAREEKRI R

SR FH R A 2 75 A7 7K ST 5 [0 3 Aofs J3E X /KO o
DX Rl 75 42 75 49 35 A= B4R L =45 dBz [8] 3 1 FRAH X Rif
— AR L35 dBz<<Z<C45 dBz [l I 1
AR — AR T2 5 48 AR S 7 2 38 ik 5 9 553 1) )
SIRFAE . T 2% 58 2l Fi 00 A7 76 53 7K 76 BE XL I RPAE
B () Ie R 1AW 2Ry 05 7K1 #6 B2 IR 7 A 8 A 5
P PR AEAE () 322 1, R 0558 — 3 B Z =
A5 dBz 35 [l A% 13 T ARURE X6 i — A AR 4T 48 KL T A
FEAE ()it 1. 8k 0555 — 9 35 dBz<<Z<C
A5 dBz {8 [l A 1m0 38 T A X AT — A MR 3G R, I R
FEAE (e )il 1, Wk 0, AR 4 AN FRAE 1Y 2%
G B AE TR T A R TR R RS (P)
313 L2 (3) Tl ok B B P A S R A I A
RS R RUR T

P =0.3x, +0.32, +0.3x; +0. 1x, (3)
X P<a WERWH .a<P<b NEHEEHFF.P>
b 2}y 7R A K R s B B 4% T 8 Il PR IR 5 R AR R
R IEAT M AR T E a=0.3.6=0.6,

H COTREC,SCIT 4§ J7 i 3R By XU 22 8 3 i
JEFFAEARRE U H IR T8 XU 78 3l 22 18 HL [ul ik 25 4
JT R A 2R I WG AR AE R KR 25 . XTI & 5 ST ik
J VA A B i e] Sl 5 R R XA T
23 [ DEIC B T 2% -8 3 & R X Ot < &
PEAT U8 Ak HE 75 31 B ] 3 2 1k A0 4 A XU R 5 XL
] 265 9T F R AR 8 S b 5 8 1 B R L
55K I AR S MEAS 5 o X TR0 1 T R DX 3L )
T8 ¥ HR 0 = 4 [0 35 B8 40 1 S AR 2 [0 (=<3 km) [y
B e 30 e 3 3 A1 2 [ e B K A R R
ZAJZ U IR AR R A5 B A R SR

RS RS n R S R RIDR AP A S A AR 1 3T SR N
Fr ] ] A Ko B2 A8 A A O J& B S 3R DX 1 1 4 1k
SMEE. BeJa45E 6 min BUHTAY 21 & & 5L AR
[m] 962 19 A K S 38

2 KB AL S 4R A

2.1 KRBEHESHE

BEH 2025 4F 5—9 H (E WD 11| 2238 4~ b
TG LI 3 e F R e i Ak K A A 56 o A 56
X4 k4 H 02.05.08.11.14.,17.20.23 Bf (AL FTH
TED B 1 km J3 BEREAK L 0~2 h B /N K
et T 5 A 6 1o R B R 43 SR S o 0 I R R K (=
20 mm « h™") M43 46 i 58 7K (=50 mm « h™'),
Xof LA 3 7 it A o R4 R SWAN R GERE K 7 il
(LAF I FRG I = fh) . #H 2025 42 8 4 10 HIW
U 23 4 VG 5 5 B K G AR (2 R ) I 2024 4E 7
J 24 H 2 b 74 5 R K Gk B CEOR % D A Sy 78
AN s T T 5 R K S HE T 1O X L 437

G50 535 SR FH 565 DU 4 [ BB TR R O ik
BN 3O O MV N & X o o A K]
0~1h# 1~2 h ) TS P4 R (MAR) . =5 i
Z(FAR) \Bias i 22 i £ o >R 18 X5 10 46 59 7 6
ik A2 R 20 km. 432 JE IR KRB 2N 0~
2 h BB /NI SR S A 22 5 SR RO TR A 5 1%
(FHEEA N 20 km) S £FXF =50 mm « h™ 1) J5 15 55
Rk 3 2 20 (4D 71 55 43 90 J ) 5 B K R A5 o)
(ME),

N
> SE,

ME = = h

Aot 3 1 P S SE, , B i 58 5 /K il s, 4R
MBS I8 4 N E 1R TH0 N
NaN Z 5 BFEASEL

2.2 EEWRRER

XF 2025 4F 5—9 J 0~2 h 4 i OB ik
fi 5 48 T 2R TR RRAE TT OF 1Y 3 B K AR (BL R
fET R VT IE 7= fi) TF J o i X H A 560, 25 SR 6 W 9T I
P AE R B K TR M RE O S T B R T
0~1h =20 mm « h "G RpFEK(E 2a),1]
IEJG TS ¥F4r A 0. 252, 3 & T kY 0. 121,




%9

B M T R AL AT Y L IR 58 B AR AN LT TE £ R 1135

WU B HE AR BT MAR M 0. 864 KIERE % 0. 503,
[F1 B Bias {24 i B f 0. 744 BEARZE 0. 467, 2 B i
IR SRR K & X 5 A fe g ) Lk,
G RT TR TR X 5 B K TR 1 3R G AR A
1~2 h iR CE 2b)  ITIEF= S iy TS 45 (0. 123)
5% T 6 W ¥k (0. 045), MAR 1 0. 946 F (& &
0.751,Bias fi 22 1% BE M 0. 749 FEAKRZE 0. 274, 3#F —

IR TR M IT IERCR . X F =50 mm « h 'l
R K LA (BT 3D A8 PR 28 7 i 1 & AR T 4y S 4k T
BARIK A ABTTIE 7 i AT 2% B AR F B R %) il A%
J:0~1 h, H TS £ 43 (0. 039) & & & T O ik
(0.022);1~2 h, iTIEVESF 2 0. 004, [A A TOL I
B 0,001,

RO RE LT IEROR M S RATE TR S T

®1 SREREERKBRESER

Table 1 Scoring criteria for graded short-time heavy precipitation forecasts
(0,50) mm+h~'  [50,60) mme+h~'  [60,70) mme+h~!  [70,80) mmeh~'  [80,90) mm+h~" [90,100) mm+h~" [100,+c0) mm+h~!
(0,50) mm+ h™! NaN 0 0 0 0 0 0
[50,60) mm«+ h~! 0 1.0 0.8 0.6 0.4 0.1 0
[60,70) mm«+ h™! 0 0.8 1.0 0.8 0.6 0.4 0.1
[70.80) mm« h~! 0 0.6 0.8 1.0 0.8 0.6 0.4
[80,90) mm+ h~! 0 0.4 0.6 0.8 1.0 0.8 0.6
[90,100) mm+ h™! 0 0.1 0.4 0.6 0.8 1.0 0.8
[100,+c) mm+ h™! 0 0 0.1 0.4 0.6 0.8 1.0
0.94 = ﬁ{g% 0.946 (b)
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Fig. 2 Verification of nowcasts for hourly precipitation at the level of =20 mm « h™! with the lead times

of (a) 0—1 h and (b) 1—2 h in Sichuan from May to September 2025
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Fig.3 TS scores for hourly precipitation at the level
of =50 mm « h™! with different lead times

in Sichuan from May to September 2025
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Fig. 4 (a) Observed hourly precipitation at 04:00 BT, (b) composite reflectivity factor at 03:00 BT, (c, e) corrected

and (d, f) optical flow extrapolated (c, d) hourly precipitation and (e, f) absolute hourly precipitation bias
with 0—1 h lead time in Sichuan initialized at 03:00 BT 10 August 2025
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Fig. 5 (a) Observed hourly precipitation at 05:00 BT, (b) composite reflectivity factor at 04:00 BT, (c, e) corrected

and (d, f) optical flow extrapolated (c, d) hourly precipitation and (e, f) absolute hourly precipitation bias
with 1—2 h lead time in Sichuan initialized at 03:00 BT 10 August 2025
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(a) Observed hourly precipitation at 03:00 BT, (b) composite reflectivity factor at 02:00 BT, (¢, e) corrected

and (d, ) optical flow extrapolated (c. d) hourly precipitation and (e, ) absolute hourly precipitation bias
with 0—1 h lead time in Sichuan initialized at 02:00 BT 24 July 2024
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