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A forecast model for gale along the coast of Qingdao corresponding to the ECMWF
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Abstract: Establishing the corresponding forecasting models based on numerical model that fails to capture gale events is helpful to improve
the ability to forecast gales in coastal areas of China. First, we screened for gale events occurred in coastal areas of Qingdao from 2016 to 2019,
and established the dataset of gale events that are missed by the forecast with ECMWF (European Center for Medium-range Weather Forecast)
high resolution model (hereinafter referred to as EC model). Second, based on support vector machine (SVM), artificial neural network (ANN)
and long short—term memory network (LSTM) algorithms, we established the forecast models for gales along the coast of Qingdao, and used
these models to revise the wind speed forecasted by the EC model. Finally, after comparative analysis, a model suitable for forecasting gale
along the coast of Qingdao, i.e. the forecast model SVM_2 based on SVM algorithm, was selected and its operational forecasting results were ex-
amined. Results show that the SVM_2 model has the smallest forecast error for wind speed compared to other models. In order to evaluate the
prediction performance of SVM_2 model in terms of the gale events, two gale events occurred in the coast of Qingdao and influenced by differ-
ent weather systems are selected to further examine the prediction error of SVM_2 model and EC model for the gale events. The results show
that the error of the maximum wind speed forecasted by the SVM_2 model against the observations is significantly smaller than that of the EC
model, and the SVM_2 model also has some improvement on the weak gale along the coast of Qingdao compared to the forecast by EC model.
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Fig.1 Distribution of the meteorological observation representative stations

along Qingdao coast. The red and blue dots denote the island

meteorological stations and the coastal meteorological stations, respectively
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Table 1 List of 40 gale events along the coast of Qingdao missed by ECMWF model from 2016 to 2019
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PR KT A e RA R PR KT 1A e KA
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2 2016-01-22 M KA S KITA GES KA RilEidt KA KITH ES 23.7 6.5
MRS KA KIS S HHEES RS KA GHE S RS
3 2016-04-30 PN S 213 5.2
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6 2016-08-29 FfE S AT WE S R gt FRE S KT TA e Rl dt 16.3 93
7 2016-11-21 FHRES KT A e Rl %jt HRES KA R iigde 20.4 6.0
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13 2017-02-09  HHEE KITA HES RAE RiLEdL HfE S KA WE S AR Agdt 17.9 5.8
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Table 2 Comparison test scheme of the forecast models for gale along

the coast of Qingdao based on different algorithms
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Fig.2 Distribution of (a) mean errors (unit: m+s™) and (b) mean absolute errors (unit: m+s™') of 10 m average maximum wind speed at the different

regional automatic weather stations (black dots) in Qingdao in 24 h time length forecasted by ECMWF model from 2016 to 2019
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Table 3 Probability (P.., unit: %) of observed gale and the missing rate
(unit: %) of gale forecasted by ECMWF model during 0-24 h (P»),
24-48 h (Pss) and 48-72 h (P7) at the island meteorological
representative stations in Qingdao from 2016 to 2019

iy P.. P, Pus P
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KE L 432 87.5 75.0 75.0
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KAL 78.9 90.0 83.3 66.7
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Rk 62.1 77.8 83.3 50.0
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ECHI M R iR B . AR AT
25 W] EC AL A B M v 558 10 o XU P A5 SR 3%
IRE I QAR A, 2022) , {H HH 7 15 Wi R XU TR 1)
TR ARARE 23 R XU R 221D AT, AN BB AR Hls IX VT K
JRURE HE TR S iR 55 LK, TR A X EC BT
T K A TR T IE .

2.2 RIS RIETIRIR 2= T bk o #T

T 2016—2019 475 5 1T I 40 YOI K KL 72
AN AN (1 UG A, RIER 1 R g5 1 I /), X
722 TP TR AR R RS TR 2253 HT

T, X e M sl s R RgAEARL T I IV, V
5 ECHEA TR KM xR 2 . THEE R BN, 44
BT T () RG24 % 152 22 25180 S /N T EC, FLrp Ay |
TR 2 Wp i 22 /0N o Qo) P 05 3 XU P AR , EC
FAER T TV VSR R ) -4 601 22 43 51
3.7.1.7.2.8.1.8.2.0 m-s™, e KRR 250 5] Ry 8.2,
52.6.5.5.6.6.6m-s",

R TR B R T 3 sk AT A TR S R A T
IR, P2 A3l s 2R BT T AN X
O30l SN SRR T T4 KGR 9 26 X 15 2% o 3104
S50 AR T TR 17 X 460 o 5 2 B i oo A A

T, ks PR S5 3l X P T 41, A 7R T Fn S Y T it
GRS 48 X0 1R 22505 1.7 mes™ F12.9 mes™, 5%
FLIR A 2 EC AR 2 T2 19 AN [ il i ) IR 1R 25 R A1
ANT] BT XA R 1 43 T I ZRAR Bk 7 BT PN 2
AT PR BT () Pl R 22 BN, R IR SRR, I
i 5 AR o AR T A0 TR XU A4 X 1R 25 A/
I BRI T, F— 20 03 B X7 5 Vv 21 /73 i
KT TR ZEHFAE

P13 45 BT T AT EC A S 21 <l
SURGE TR IR ZZ AN L. AR 2], e Bl KU
TR PR 2 A A L Rl K TR R BB S EC AR A
S5l RG22 FU R SRt R, SO AN T 3T 1E )5 19168 5
ity R T 158 25 AT 4K, 3 5 ey AR D S B4 347 (2018)
B G 45 (2015) % A a1 T A IR i A 6 P 44 21 ) A
KL —F, EC Y21 A3k o5 XU TR - 24 4 3o i
ZEHN2.6m-s” , I RKLXIRE R 64 m-s", A |
1 21 3l i KGR T () P S 4 X R 22 1.6 mes™,
BRY X IR AW H 4.8 mes o BT T TR AP 24046
PR 22 L EC TR IR 22 Ik /N T 24 38% , d5e RS 40 %o 15 25 ik
INT 2525%,

TS AR T B C AR TR X iR
ZHRAE, K 4 45 AR T FMEC AL 2016451 H 15 H
20 B AR 1 17 H 20 B 5 VTR 21 3 (8 a5 ) KU
T S . AT I, SEOUR RGN 16.8 mes™,



2 TS ST ECMWF B R 0 T 5 i R RS B 191
10 = = —
() T o i Bl
% 8
£
1 61 BEC
§?§ L FEeil|
=
2]
Ry
% 2
0
12 S - T
(b) Tk Je== 8}
=101
;g 8 BEC
A WA
® 6
?77(‘
§ 41
z
HIE{ 24
B N
~ P g gP b 4< N
@‘%0‘@\\7%‘&‘%%%& é’”‘&ﬁif Q‘
N NI A E R YW “b T‘
%” %\
biEd
3 ECHIAAMEAY [ 20164F 1 7 15 H 20 WA 0—72 h Bl 20 & it G { et
JRGHCT- Y4 6 525 (a, B mes™ )RR 8% 1222 (b, B m-s™)
Fig.3 (a) Mean absolute errors (unit: m+s™) and (b) maximum absolute errors (unit: m+s™") of wind speed forecasted at the
meteorological observation representative stations along Qingdao coast during 072 h produced by the
ECMWF model and the Model I initiated at 20:00 BT 15 January 2016
36.5°N = L
20
18
16
B 14
36.0 12
10.8
8
6
4
2
35.5 T T 1 T T T T T T T T
120.0 120.5 121.0°E  120.0 120.5 121.0°E 120.0 120.5 121.0°E

& 4 ECAR K (b)FIETY T (¢

) 2016 4F 1 J] 15 H 20 B4 114 17 H 20 B35 5 1 21 35 (R aR) 10 m R -5 FLSE0E (a) 43041

Fig.4 Distribution of (a) observation, and forecast of 10 m wind speed for the 21 meteorological observation
stations (black dots) at 20:00 BT 17 January produced by (b) the ECMWF model
and (c) the Model I initiated at 20:00 BT 15 January 2016

EC FiR i K RGHEAL 8.4 mes™, W K RUR I s #7501 4R
R85l XL 5 S0 B BT, VA TR T R R (e R XL
12,7 mes™), (HILGR BE ST O /N . VAR b TR T
X T 15 22 B 2 B EC B /N E X W i A X
A RN 3R A, X AT RS IR b
e g R RURE Al 0
ZE EA Rl g, iR S AV R e SVM AR,
PRI w v Ry B R 1 HL A3 vk s EA A B I R A A R T
T KOk i 4 iR 22 55/ o 5 EC G Tl 1R 22 051

AEARL, AT T U 040 7 5% 3l XU g 4 X 152 25 B AR L
FEG (AR T T A 7 I T T DR 11 5 22 B I HE
EC /N, E 4 4a %R 2% e EC HdRIR2ZE WM T 29 38% , i
KLU XFIRZZI N T 24 25% ABATSAFAE XA 3ty AR TTT 4%
SN ) A

3 &AL [ pl S M AR

BT BRI R 2021 K, H SRR A
PR T B AN 551817, T S B X



192 B

K

&

F43%

M55 o A I AT () S B b FHRICR , (i 2021 4
9 A 2 20224E 5 A% H 20 B #1075 5 21 AU il ol
S5 0—72 h TR 502 3 h 45 AT IG: . HARKS 56
D7 e B 21 s ERBT B ZE H 0—72 h
O B 2550 PN - 259 DR ) T 1R 25 5 SR, AR R sl s P
J53 53 K 144 BE 3t R0 7 AN 5 3k 0—72 h P34 XUk
T 1R 25 1 A KB R A T 3l 50T 5045 3] o Sl P
U 0—72 hF YRR 25 [R)H, R A5 3 5 5 ol A AR
53 24 hi R RGE i iR 22

R B0 25 S S 6l 5 3l B T Y 0—72 hF
KR GE R 22 KT EC R, 24 hfie KXGEIR 22/ T EC
B X ity B T A 0—72 h P2 KU iR 22
24 hig KR ZE Y/ N T EC A (B 5), AR T FIEC
TR AT 5 3 0—72 h P R iR 2243 5 1.1 m-s™
1.6 mes™, FEFE 4358 0.8 mes™ F10.3 mes™ o Y |
FEC T4 1 1 15 0k 24 b d5e R XU 158 22 T4 40 1)l
1.6 mes'F11.9m-s™, R85 0.6 mes Fl 1.1 m-s™'
R TR B ARSI RS T AE RS 61 o 8 1 P AR | e B

—
e EC AR
[ EN

(‘

0

20:00 08:00 20:00 08:00 20:00 08:00 20:00

18/9 19/9 20/9 21/9 (H/H)

= @ting
20
(c) —_—
= EC
AT

9
20:00 08:00 20:00 08:00 20:00 08:00 20:00

18/5 19/5

Jentmt

16/5  17/5 (H/H

)

BECHR
WAL |

.

W | RN | WS | R
0—72h #i@nweze: 24 h ik Mk 2%
[ 5 EC A=A | ?ﬁﬂs’z 0—72 h P-4 R 15 2%
124 hi KRG R 22

Fig.5 The error (unit: m+s™) of average wind speed between 0 h and

72 h time length and the 24—hour maximum wind speed produced
by the ECMWF model and the Model I forecasting

Z AN [F) R AR G e 1 7 5% WS W 0 R XA 1], B
202149 A 19—21 H 52 VLIEER2 i /Y 1 5 1K
KRN T)FN2022 455 A 17—19 H 328255
BT I VI R (A8 T, 285 R 3] FH R S5 ol 2 7 S Y
T IR BRAE 238 e e PV B 0 (3R 3) AR T L T v

20

B
T M
E/
=l

S
— EC
HIR

(b)

e =

/4/_//\\//\/_\/\/\

0
20:00 08:00 20:00 08:00 20:00 08:00 20:00

18/9  19/9 20/9 21/9 (H/H)
Jtaist
20
(d) — i,
— EC I
FRIT
15
o{ T TTTTTTTTTTTTTTTTTTTT
5

0

20:00 08:00 20:00 08:00 20:00 08:00 20:00

16/5  17/5 18/5 19/5  (H/H)
Jvmta

& 6 EC A FIRETY 1202149 H 18 H 20 i #2 4R (a, b) K 20224E:5 7 16 H 20 B2 (e, d)AY RS 553 (a, )
FIEIEZIE v (b, d) 0—72 h I 202 3 h K5 SLBL(HEL AT I 10.8 m = 5™ UKL (1)
Fig.6 Observation, and forecast of the 3 hourly wind speed (unit: m+s™) between 0 h and 72 h time length at (a, ¢) Tianheng island station and
(b, d) Jufeng cableway station produced by the ECMWF model and the Model I initiated at (a, b) 20:00 BT 18 September
2021 and (c, d) 20:00 BT 16 May 2022. The dashed line denotes the wind speed of 10.8 m+s™



THEE 45 LT ECMWF BRI A7 5 1 R R B 8 b O 193

BB X, T B 2B s 7E A T L T3 Btk
JRG, R 0 43 LA PSS 2 3l A 208 B 3y L B W R T ol X
FRE ALl SRR T A EC IR ZE MR E— A5

&l 6a.b 45 H ECEIAFIALAL 1 2021459 H 18 H
20 Fisf 7R 41 (49 FH R 15 3 06 2R 0 0—72 h B R
3 h KU FR 5 S () 1) AHRATIL, 20 HAI21 H
P 5 3 Sz HE A R (8] 6a) , T 06 2R3 3 S 100 TG K
K& 6b). ECIRH21 H HfE S KR HE 220 HE
WA R U AR, TTASEAY T VR T4 21 H HEAR B 3 XL
KB E AR ECFIRERY [ Wil i 21 H HIAE
B KGR ZE 5 -3 mes” F10.4 m-s™, TR AY
20 H B i 238 ol e KGR 22 9 518 5.9 m - s
M-2.1m-s"'s

Bl 6c.d 45 H ECEIAFIAAL [ 2022455 H 16 H
20 Fef 2 1% A FH AR 5 3 R 06 2R T 0 0—72 h B 50
3 h R ST WHRTIL, 17—19 H FHAE S
Sl SO B (] 6¢) , DA 2R 0 S TG R XL 6d)
XFF17—19 HiX 3 d FHA# i KR, EC ¥, Hofe K
KGR 225 N -3.2.-3.7 . -2.8 m-s™, A AY T iR
) i R XU U 5 S 4230, 3 o TR e R R 1 22 43 )
HF91.4,-0.1.2.7 m-s™ . ECHIERY [ ¥ufenf Wik B 1E R
T 17—19 HAE KK BRI T FiiR 220 i/ EC
B, EC Wil e KR 2240 5 h 2.4 .42 13 m-s™,
R T 43 5H-0.1.-1.1 0.0 m-s™',

L5 TR R T TR 0496 £ 3 A R i KK
MR 2T ECAL X F 7 B KRGS, EC AL
2T AV 5 3 R KU e S A 555 , T4 )t oy
A R PRURGE A5 S 50 O i s AR T BRI b T 40 v 12
IR R AR i 1 o 3ty =l R X R, TR 14 e XL
R S

4 ERSIHR

FIFH 2016—2019 4575 5 1 X S G M4 45 10 min
AU Ficth A EC S T B , R SVM L ANN FiI
LSTM =433 | e O[] S A5 (R - B S 75 4 3l o i
TIN5, Ee vy 5P S TR R Xl 55 TR A R, 3
Xof ST AN AR 5 EC X R XU AR R 22 0B T HE
K, EEAGENU T LS 258

(1) fHF ECHIA TS & Wi K XAEAE T i i
TR AT 58 22 4 KA [ L T AN R 75 B T T R RO 1
TSRS . L, 5 F5F EC AR A XU 45
FITTIE , B T 5 R AR

(2) BT FP TR TR BT SVM AL | e B
w o AR R 7 HL A3 sl SR TR A Y R AR (1A T )
%) T4 XL 248 o) 1 22 B /) 5 {5 EC B U T 4 158 22

FEARRL, ASEARY T FOUH P10 1A 5% ol XU 46 3 58 2 A Ak F
K

(3) LI FL B A T T 1406 1 3l At
() dpe KR R 22 B9 /N T EC R, X EC AR X TR v v
IR 55— R A 5 T2 TR A, R A L b T 14 5%
IR R DL R 1 e SR AR R R

AR S5 TR, BT SVM BAVE R T B TR AR |
Xif EC A 2 4 45 T 03T 1E A3 R0, 1H HL T4 XUk
BEE ] AR AL ARAE 5 EC B TR EEA— 3, = 1
HARRUEIEF EC B R AR T gy . i, Tl
FRAR ISR s R R T IERE 1A PR, 3 AT g5 111 2k
Bt A s K KFEA DA o N —2 B IR R R H
22 P e Bl A B TR 7 i LA 8 M AR g A IR A 45
Ji R MCE BT () ARECR . 340, S TR XN
[ 2SR R 2252 [ 25 A ] (F 2R 245, 2023),
P AE AR 1) 8 2 1) KA1 B2 X AN ] 2 78
FIRG3 S ST TR AR TR | LA 2K B 1 — A i/ BT JXL
TR 20 H o

5% ik (References):

WRABAE X IR T4 55,2010, BP T ANZE 45 76 MMS T £ 7k
JRLH (1 R FHI (D] T 9 % .29(3):263-267. Chen D H, Liu M, Su W D,
et al. 2010. Interpretation and application of BP Artificial Neural Net—
work in MMS5 model forecasting gale for coastal regions of Fujian prov—
ince [J]. Torrential Rain and Disasters,29(3):263-267 (in Chinese). doi:
10.3969/}.issn.1004-9045.2010.03.010

R, ST 55 201035 T SVM B SE 43S P01 ) 0y o B Hore = ik
T e A 87 FH D735 B0 F,30(9):2310-2313. Dong Y, Cheng W,
Zhang Y P, et al. 2010. Regression method based on SVM classifica—
tion and its application in production forecast [J]. Journal of Computer
Applications,30(9):2310-2313 (in Chinese)

fF WGV 5 T4 T 2018. 3% F MOS Jy o 9 T 8 IX XA FUAR A6 96
WT [J]. 78 7 Wi 4R.35(4):17-24. Gao C H, Zeng J Y. 2018. Validation of
wind forecast based on MOS method at the Ningde coastal region [J]. Ma—
rine Forecasts,35(4):17-24 (in Chinese). doi:10.11737/j.issn.1003-0239.
2018.04.003

JBT 5% 325, X6 R 2014 56 1 SVM ) R A Hiah a1 ) 7900 g 3k 45
LU AL T RE.40(1):161-166. Gu J Y, Liu J F, Chen M.2014. A
modified regression prediction algorithm of large sample data based on
SVM [J]. Computer Engineering,40(1):161-166 (in Chinese). doi:
10.3969/}.issn.1000-3428.2014.01.034

SRR, T+, T 20227 B Vi b DX R KRR IR S FE U A 0. 167
ﬁéff{‘%%?ﬁAZ(Z):g()—()& Guo LN, MaY, Yu H Z. 2022. Characteris—
tics of gale and assessment of gale waning in Qingdao coastal areas [J].
Journal of Marine Meteorology,42(2):90-98 (in Chinese). doi:10.19513/
j.cnki.issn2096-3599.2022.02.010

AR, 42 RUHR.2009. H [T T o 1K) B 5 R 43R 0] 18 TR T,
26(3):114-120. Li M, Wang H, Jin Q H. 2009. A review on the forecast
method of China offshore wind [J]. Marine Forecasts,26(3):114-120 (in
Chinese)



194 B

& 43

X, R R T, AE.2019. 08 T 2 R R KA WS IR B Y I &
S M1 B (J1. 31 FEHLRE FH,39(5):1551-1556. Liu J, Wa Y F, Yuan Z
M, et al. 2019. Blood pressure prediction with multi-factor cue long
short—term memory model [J]. Journal of Computer Applications,39(5):
1551-1556 (in Chinese). doi: 10.11772/j.issn.1001-9081.2018110008

X AEHE2008. 11 A< 2 B Jb T i dal i el = 5 RSB X LA TN [
RG22 2008 AR SO R R F 5 D2 TR 5 25
W SCHE[CL A & iR # ASFE1:683-687. Liu X P. 2018. Marine acci—
dents and weather and countermeasures in the northern waters of Shan—
dong Peninsula [A]. Chinese Meteorological Society. Proceedings of
Extreme Weather and Climatic Events and Emergency Meteorological
Services [C]. Yantai: [Publisher Unknown]|: 638—687 (in Chinese)

XUEZS XM B, F 80,55 2022 35 TAL G FITR I 2 1 BOR ¥ 8 it o
TR 2 WF 5[0, 968 1 41,39(6):34—43. Liu Z J, Liu B X, Wang
R, et al. 2022. Research on the gale prediction methods in the Yellow
Sea and Bohai Sea based on traditional and deep learning technolo—
gles [J]. Marine Forecasts,39(6):34-43 (in Chinese). doi:10.11737/j.
issn.1003-0239.2022.06.004

o A ) AL A 4. 2015 LU R0 A0 P DXRUAS) MOS T 5 vt
FT [J]. 16 7 Tl 42,32(3):59-67. Rong Y M, Yan L T, Sheng C Y, et al.
2015. A study on MOS forecasting method of gale wind in Shandong
coast [J]. Marine Forecasts,32(3):59-67 (in Chinese). doi:10.11737/j.
issn.1003-0239.2015.03.008

FAE B, 7 M 52 TR /N, 55,2020, ECMWE 414 10 m XU B 72 #1 VT 0
AL 5T IE ()], 4.,46(11):1485-1494. Shen H Y, Fang Y Y,
Tu X P, et al. 2020. Verification of ECMWF 10 m wind forecast for
coastal Zhejiang province [J]. Meteorological Monthly,46(11):1485—
1494 (in Chinese). doi: 10.7519/j.issn.1000-0526.2020.11.009

RIS, U SR A5 2019 U 22 I 25 10 T S O R 5 40
HKWFFE AL TR 5 0% FH.55(12):174-180. Tan Z W, Wang W L,
Zong R, et al. 2019. Research on classification of congenital heart dis—
ease heart sound signal using convolutional neural network [J]. Com—
puter Engineering and Applications,55(12):174-180 (in Chinese). doi:
10.3778/}.issn.1002-8331.1807-0115

S, T, TS, 45 2013, 58 T 1 Shul YORFAY B XUE LT )
B[4S 2 41,29(1):84-88. Wu M L, Wang Y, Yuan Z P, et
al. 2013. An objective forecast method on sea wind based on data from

automatic weather stations [J]. Journal of Meteorology and Environment,

29(1):84-88 (in Chinese). doi:10.3969/}.issn.1673-503X.2013.01.014

AR, T A R AF 202056 T UL AT AT B A LSTM PR i 28
O 245 T ¥ XL SR N P BIF 5 [ 98 9 2 312.42(1):67-77. Wang G S,
Wang X D, Hou M, et al. 2020. Research on application of LSTM deep
neural network on historical observation data and reanalysis data for
sea surface wind speed forecasting [J]. Haiyang Xuebao,42(1):67-77
(in Chinese). doi:10.3969/}.issn.0253-4193.2020.01.008

T i R\ e 1 1. 55 2013, MMS . WRF-RUC & T639 L2 1L A<
HE KT PR 23 B 361 S 5 RH,33(3):340-346. Yan L I, Sheng C
Y, Xiao M J, et al. 2013. Wind force forecast verification of the MM5,
WRF-RUC and T639 models in Shandong coastal areas [J]. Journal of
the Meteorological Sciences,33(3):340-346 (in Chinese). doi:10.3969/
2012jms.0133

e 5 AR, B 22, 2. 201936 T AT 228 9 245 B30 32k D ity T IRV TR
)T 55 4,37(1):146-152. Yang X J, Zhang N, Chen H, et al.
2019. Study on forecast method of sea wind in Bohai Sea based on arti—
ficial neural network algorithm [J]. Journal of Arid Meteorology,37(1):
146-152 (in Chinese). doi:10.11755/j.issn.1006-7639(2019)-01-0146

0SB R IUSE, . 2007, A LR B 42 48 935 4 R KUY i A 5
[ A% 2 #1,18(1):80-85. Yang Z E, Chen S ), Huang H.
2007. The causes of catastrophic gales in Zhoushan islands with their
forecasting [J]. Journal of Applied Meteorological Science,18(1):80-85
(in Chinese). doi:10.11898/1001-7313.20070111

TR e 0N .2023 AR RSB 1 42 5 p TR K XURFAE
K H R[] 5 RH%,51(1):94-103. Yu H Z, Ma Y, Han X Q. 2023.
Characteristics and causes for the gale at the southern Shandong—pen—
insula coast of different circulation patterns [J]. Meteorological Sci-
ence and Technology,51(1):94—103 (in Chinese). doi:10.19517/j.1671
—-6345.20220001

B T B 5 55, S AL 252015, WRE  EC H T639 46 77 8 I iE 4 4R
KT P R 56 5 7 T )6 R, 39(7):75-85. Zeng ] Y, Han
M, Wu X Y, et al. 2015. Test and application of WRF, EC and T639
Models in strong wind forecasting in Fujian Coast in winter half
year [J]. Marine Sciences,39(7):75-85 (in Chinese). doi:10.11759/hykx
20140721001

(FAEmEE  E4F)



