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Development of a real-time hourly wind gust product at 1 km resolution over China. Acta Meteorologica Sinica, 83(5):1329-1338

Abstract To meet the need for weather forecasting, strong convection monitoring and warning services, an hourly 1 km wind gust
product across China has been produced using hourly wind gust observations and model forecast data. These data are adopted after
the procedure of quality control, space-time matching and fusion analysis. This product is updated at a 5 min lag with the overall
RMSEs of 1.9 m/s for independent test and 0.68 m/s for the non-independent test. The results indicate that as the wind speed
increases, the number of samples continuously declines, there is a relatively pronounced tendency for the product's error to rise, and
the accuracy gradually decreases. However, the quality of this product improves effectively compared to model predictions of high
speed of wind gusts. Specifically, the accuracy of wind speed above magnitude 9 has improved by 89.3%, and the relative error has
dropped significantly with a reduction ratio of about 27.4%. The development of this product can support disaster mitigation and
decision-making related to catastrophic gales and typhoons.

Key words Wind gust, Multi-source fusion, Model forecasts
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Table 1 Wind gust data from Chinese and international model

forecasts
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Table 2 Data profile of a real-time hourly wind gust product with 1 km resolution over China

%H ik
B4R R E X1 kmiZ BB R RSB AT 7=
BAL AR RI 2 CMA-ART-HRCLDAS GUST
U HS B IR sk, BEE . whh, skiE, IR, BRAEE R 0; AN, Bl R AR X AR 5 B i
3E, NS AR XSG EE L
Hb B X 3, EQ—60°N, 70°—140°E
B 202145 24 (SERH S S min)
Broag =X GRIB2
ol 100 MB/IFFK
BRI R LI “Z NAFP_C_BABJ YYYYMMDDHHMMSS P WIND GUST RT _CHN_OP01_HOR-yyyymmddhh.GRB2” ByA% =,
fir 4, HohYYYYMMDDHHMMSS 4 £E 7 i i), yyyymmddhh 72 5 i8], 25544 wind_gust, 7226 A Z 4E 80 IE A7
fi&, 4L BE 4> 3R 25 B (lat) FIZSBE (lon ) ; 775 ] B NCL., Fortran il MATLAB 322 2, 3 Panoply Fl ARCGIS AJ ¥k
HEWH TP ES SRR H R (CMATBGS202319) , EI 5 A 405 B A0 T S A0 B “ TSl /34 (NMIC-
2024-ZD05) . H TG RO & BT I (CXFZ2024J063) . FEZR /T4 5 B OEEA & H (NMICIY202312) | [HE H 5
BRI H (2018 YFC 1506604, 2022YFC3004201) | [E 5 A SRR 3E 410 H (41806213)
RS SRS T A KGR0 (http://data.cma.cn)
Hiuhik FE RSG5 B0, RN TE X ek K465, 100081
Bl R (1) Bt ™ it ol K R AR rhu s W 48, A A 5 R SR B0 8T BN (2) 7% B R e

575 3OS 205 | B AR A R U




1332
XU e
RN
S, B /
TERCRE KA
Vﬁjj
SR, ARICEAR
e A ek
¢ﬁﬁ
K, FRCHOR -
R
Al , bRicEdE
PR — Bk 2
v it
o ERED |
it

R ONRU R ie Sd s e bk
Fig. 1 Flow chart of quality control for wind gust
observations

HRE 2 1 rp ] o B TR GOk, e AR AT A 8 I T

e L 25 8] 0 % 3 B v A 2 kORS00 B 7

CMA-TYM. CMA-GFS f9 % K XU 5 i) 45 SR A A
BT I A 1R TY S S B0, S8 A A R XU I 1
VAR 2307, 3 B 5 00 19 LA 0 B HE Y 5245 . SR A
2021 4F 3 3 2k 744 /> B k0 A% RN BE kL XoF
CMA-TYM. 4 BR KA S5 40471 77 i S CMA-GFS
1) TIUAR R AT VAL 23 BT, S e AR R XU I % ek 3
FHERS 3.1 777 5 45 il J 110 v R R A5 L ol
DX 358 A O 0 3 50 , A B YR AR A5 04 A 2800 4
W29 3.5 75 55 o R H B PFAG 48 A5 40 45 OF 35 1 2
(BIAS) | i 22 bR ifE 22 (SD) . M R 5L (COR) FiIy

20
18 @

16 A
14 A
12 4
10
8

Number

(= S )
P

1 6 11 16 21 26 1
May

Jun

Number

Acta Meteorologica Sinica %R 2025,83(5)

TR 2Z (RMSE), it& AR T

BM:—Z@OJ &)
i=1
1 & 2
SD = W;(Gi—G) 2)
N N
> (@-5)(0.-0)
COR = - (3)
N N 2
z;(G,—G) 2;(0,—0)
RMSE = Ly G- 0, 4
= W;( i~0)

R, 0K vl SOUIAE , G, 520084 B 77 i i (8 3
K 6 o 2545 3 09 B, OFNG A3 5]l P 35 1 - 21,
N AZ 556 SRS (35 .

MK 3 % 4% T4 45 S 10 PEAG AT LR B, CMA-
TYM PR A7 758 K 22, HY HARIR E /K, 48k
KA SIS B 77 B FT CMA-GFS 1) 4% 5 48 b 26 30
A, P E T, 3 3R S 2021
A3 A G AR T LLE B, RS I e
AR R B K ¥ MR 2 i/, i B SR
PRl . PRI, SCH e $E 43R RS 8200 20 B 7= o 7
W BE R X R 1 km 3% A% ke XU i iy 3
B EdE, R % B bRl 55 CMA-TYM #
AENE A R 6 X R B9 R XURRAE , 122455 2 T4 ¢
B R AR KRR T R
3.3 BUERNE AL

e R R B A S B RS R £
2000
1800 {®
1600
1400
1200
1000
800 -
600 -
400 A

200 -
0

1 6 11 16 21 26 1
May Jun

P20 2021 4F 5 H ARORKUE I e 5t FRAECAS: A 59 R AT SR B (a) A — SSMEAG AL SR A 4L (b)

Fig. 2 Number of records excluded by boundary value check (a) and internal consistency check (b) for wind gust data in

May 2021
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Table 3  Statistic of error metrics of CMA-TYM, Global Atmosphere Analysis product, and CMA-GFS forecasts verified against wind gust

observations in March 2021

BIAS(m/s) SD(m/s) COR RMSE(m/s) FEAREL
CMA-TYM 1.464 2.940 0.552 3.593 25835768
RERKA TSI -0.092 2.714 0.580 2.819 25486833
CMA-GFS -0.133 2.837 0.559 2.936 24742984
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Fig. 4 Technical route for the development of wind gust

analysis product

Acta Meteorologica Sinica %R 2025,83(5)

2500

- V\/V\[V\/VW/\fVva\fv\vafV\{VW/\KV\{VN[Vﬂf\fvw/

1500 r

Number

1000 r

500

0 ol L BTAN— L 1 L 1 L
1 3 5 7 9 11131517 19 21 23 25 27 29 31
May

—[0,10.8) m/s — [10.8,20.8) m/s — =208 m/s — All

s o X 2480 A [ 9 R W 0k 2021 4F 5
ENCE -2/ GIONEREZ SV Enay

Fig. 5 Statistics of the number of wind gust observations
at different wind levels in May 2021 using data from 2480
national stations in China

SR TR R R i B B, R R )
G NI Sl 1 Rk T AT 2 S A I A IR ik ST R 5
PR R B R e T EER LN
D328 P ST SOLIT 2k 7 A B D) ] R ARG A
HEAT N R B 65, A B AS A 5 12 288 0 00 45 4 1 4 R L
A A3 BT PR XTI R R AT AR AR TE B 1 km
T S AT PPAG A3 BT, ARk S A 5 IS S R % 2
OB B AT VAR AT . KO iE R T 2D I
Y0 22 X (4) 19 3 75 AR R 25 LAAE, 388 i AE X i 22
(ER) . #EHR(AC) | M5 (FS) . 555 (FW) 5
$& b5, [ I 5 5 20 1 BIAS F1 RMSE i i 25 25 4k
BAREAEFE bR dn T

1 N
5 2, (Gi=0)
ER= —————x100% (8)
1
— ) 0,
NR
AC, = NF" x 100% €))
k
NS
FS, = NF" x 100% (10)
k
NW
FW, = NF" x 100% (11)
k

X, kAR RT3 GG 56 5 9%, NROW k S 90 T K
77 5 K 56 1 B 3k AL, NS R kAR 9T I SE GG
56 i 9 5 80, NW O & 25 R A 25 0006 56 fi 553
B, NECh kS0 W) A 0 S b 4



B A v XA 1 km 728 A A R RS 43 A o

FERUGIE 5 4R

6 R 3 . Ak Sr G 56 R ST RS 56 R B R
DRGSO ) B A 4 A, DA R Rl DLk B, A R
ST T, AR R R I 5 il A 5 SR B Ak T —
AR ECHK 0.98, FEMSL G IS TE T, fl& 7=
550800y DG 5 A X A, AH SE R B 0.85, (A
WAL TGRS 5719 0.65, 1% 45 5 2 W Rl -4 Wi
J AR R RS B0 40 B 7= i Bl e A T B S AR i, 5 5K
o O T A 4 ey 1) — B e

Pl 7 S A KR 5t 4 55 7™ A SR S R 56 R
M ST K T A BIAS 55 RMSE 25 6] 4315 1 i, fil &
PR 2 B AT SR 25N, IR 2 R
JIN, Rl L S A Sl A S G B 2 R, o 22
7 4 U AR AN, B AR AE 0 BT, ¥ 5 iR
ZWEA/NT 1 m/s; ALK T A KR 5, B
SR A 25 15 2 0 W K R ST G 6 2
R 22 AR B0E B BN F 5 5o b, Ul B Al A 0
Jei PR A R X R i A P R 42 7T

Kl 8 oy 2021 4F 5 H i R XUiZ H FLE I G811 45
S, DR AT L B R A 5 RO AR K XU A A ST A 56
FEEI ST RTS8 1T T, -2 0 222 R0 359 O AR 15 25 41 B
WEIN, BRI BE AN, 7 i AR, T R
iR 2 W BAR, HishB K, X F2EH I 5
Y R FH 5 2 10041 0k AN S 7 B R, AR K
BT RS % 6 h HHT, T AR R
B OEGE N R 2 BRER, BB TERBIRER
PR A B A R AR Ak

4.2

1335

e 4 AR ST R B A S K 5 R 2021 4F 5 H
744 A BN ] R A R KU i 5 35 S g I 1R 22 40
TEXT LG . AT U, filA 25 iR 22 B B T
W R KT 5035, HLM ST RS 30 ) 15 22 W b K TR Sr
K g5 o Horp, 7 7 AR R 22 AR AR ST K 5 R
0.68 m/s, 2 7 A K 1.9 m/s, B W/ T35 535 10
3.1 m/s, [A) A7 i B ME A 2R L D R L D 59 0K S 4
T R A A BT A, ERAAKGE T, %
ZERIN . WERR R, (ERE S G, FEAR R 2
T/ 7 b 5 25 B SR AR O W R T T R, i
e IR il G 77 i R A0 AT 2550 B TP A R XL 3 55 40 o
i, Hor 9 g DL b XU HE R AR S T 89.3% (MK
13.1% $2 /= 5] 24.8%) , AHXF R 22 FFE T 27.4%(
—35.8% FFEFI-26.0%), AL 1K XUl 7 i 7E
AN TR R 1 7= LA 5 8 v AT A

5 45

FT, o X1 km 328 B A% R RS2 30 43 7 7
i £ SE Bl 55 HE A Al 55 2% G830 8 AR IR - BB O I 55
v, % AR GEAE AR BOW I BEORE AN TR B kLS,
1o 52 B WL B Y o i P . 2B iy
UINE 2N 5 S g TR 1 S0 N DRI N4
5 15 509 09 A B, R R RS B 3
i, ()N 2 28 G0 084 0 D st [0 S50 5 O e O e S P A
SrMTUIRE, Al S BN S AR 09 W S KA
7 i B BIF AR

AR5 T8 o X B R KT K 30 1) A 0 BT

40 FCorR=0.645 @71 _ 40 [cor=09sI (). 40 Fcor=0.8s ©,.
35 | RMSE=3.05 E 35 | RMSE=0.681 & 35 | RMSE=1.893
2 30 | ¥70705x+1.198 = 50 | 00470118 / ’ é 30 1=0.809x+0.536
E N=1832106 2 N=1832106 L = N=1832106
= 25 = 25 g 25
2 20 S 20 £ 20
13) |5} =]
=215 g 15 5 15
g K oy
m 10 g 7 10 < 10
g k=i
5 z 5 5 N
0 Pt 0 &= : - 0
0 10 30 40 0 10 20 30 40 0 10 20 30 40
Wind speed (m/s) Wind speed (m/s) Wind speed (m/s)
| ; |
0 10 20 30 40  Counts
K6 W5l (a), FEMMSIAZLS (b) LA (c) B RK™ S5 W0 A B 430 (2028 0 B LS AL A Il ) £%)

Fig. 6 Scattered distributions of background field (a), wind gust product in non-independent tests (b) and independent tests
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