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Technology over Sea Based on Evaluation Results of Global Models
QlU Jinjing CHEN Feng DONG Meiying

Zhejiang Institute of Meteorological Sciences, Hangzhou 310008

Abstract: The evaluation results of ECMWF and GFS on the track and intensity
forecasts of typhoons affecting Zhejiang from 2016 to 2019 show that ECMWEF is
better than GFS for track forecasting, and GFS has more advantages for intensity

forecasting. On this basis, the paper proposes a feasible typhoon initializatfen scheme

, and after vortex

the vortex field is obtained by separating the GFSin
re

relocation and maximum wind speed adjustment pro ais Stiperimposed with
the large-scale environmental field separated from th WEF analysis field to
realize the reconstruction of typhoon ini ield. For 14 typhoons affecting Zhejiang

in recent years, the hindcasting results of the \mesoscale numerical weather forecast

model which use the new re ioh sche demonstrate that the new scheme

gives full play to the ECMW es in track forecasts and GFS’s advantages

in intensity forecas/tz!(d improves/'the forecast accuracy of typhoon track and
e

intensity effectiv ab rror of track forecast is reduced by 21 km and the

standard is reduced by 26.6 km compared with the prediction of the

GFS-driven ale model. Compared with the forecast result of the EC-driven
mesoscale model, the absolute error of intensity forecast is reduced by 1.7 m s and
the standard deviation is reduced by 2.3 ms™. The analysis of the typical case of
Super Typhoon Lekima (2019) further indicates that the initial field reconstruction
technology has a better forecasting ability for atmospheric circulation characteristics
and typhoon's warm core structure.

Key words: typhoon initial field reconstruction, vortex separation, operational

application



52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

& R R IE R b5 IR T AR SRR R FE AT AT 3 55 IR
A e T P U N R A A R 7= 22 4 o 6 IR A R R B TR (A ek B
i 3] 65 AR M A TR RO, 2 65 IR H 3 52 SRV (R T P 2%, 0 T i (o
AL, 2012; FREMRSE, 2018). & KEE TR A R & & KBRS 1 —
NG RORR (D TENS, 2014; UG X%, 2020), 1RGSR A P (E T
WAEREM— BT E (Lorenz,1965,2004) . fiE 5 AEVIIG & NG
RAFRE 5, I HBOVHER A & KUK S5 48 (X — SRRy XA e ¥ 4R
), XF & KU AR A 58 TR A8 55450 O B2 (Hendlric

BUE R BTG (B 45 BORE L | éﬁk?%ﬁﬁ%ﬂx WA 51 TR
LB SIS LI AT BREE A T a6 B R - A i 52 AR G
()AL T b, T T b = I Bk THORHRMERT 5 XU T ) SO A BR
LA B 78 B R T S T R aa ey, NG & XU E (8K Bogus)
S & K W) 4R 1K (Kurihara flord,1991; T [ [R %, 1996). Kurihara et
al(1993,1995)F FH Ui /7123 II R NIREL . R RRIR e AR BR i
Jiess, FIH Bogus ¥ SRR A AT B, B A ORI a6 . BT X Bk
TTEARAE & N NRHAT A Y R UL K 3 ) AT I A8, Zou and
7 'BDA(Bogus Data Assimilation) /7 5%, {EUU4EAS 5y [R5 Bogus #H
YIUE 6 MG H . FEHEHESE(2010) 580 1F T BDA J7 ZEn] LS 4 Hh
WG R UFE” FIEE RO EAR . R, TR E A EARTE IR SRR ] T
KIEFAE GFS ik R4 #E4T 1 B2 H (Kurihara et al,1995;Liu et al,2006). i€ & &
ALEE ARG AR AR )30 e A% 2 DU A7 B A RN — A NEIRTE, 1% 07 1505
INT 1637 SRERAS R 14 i B (Hsiao et al,2010). B2 4 FE%5(2009a, b)) FH
H B = A G R E, 8 I e AR P R R T — B e BT AT & KA EAR L
BUETT 5, %07 T 2 WO MEEHUE R B 5 13 AP B AR il 2950 4
S HEE AR TR AR, TR SR BT o (HIX LS AT 7L B0IE T Bogus W iE S HATAEH:
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A, BOEE TR E S TR E, 55 E SRR AR B K.

WL e FR R 52 & R T RE (148 13 2 — , $ T+ & B TR 4040 7K1 2
WA GO SS TG A YIME S « B RTHITY 5538 AT WL b RORE B8 Tidi
AV %% £ 5i(zhe-Jiang WRF ADAS Real_time Modeling System, ZJWARMS)f# | GFS 1%
AT SR AR TS 537, 45 6 AFE R 4244 0-72 h [1RIZ /NN AR AT o
FE TR (FREESE, 2012). SEBRM R, ZIWARMS H 5= B 201 & RgILGE 1 5
F, X6 RERAR N5 E R AEBOR BIR 2 . R [G55(2018,2019)%f 2016+ 2017
TG RS TR VEAG I, 2 B GFS AFRTIUR R Guh) 5 MK 1E E@%ﬁ&

g

MR TARR K, diE ik & Xim e gl HoR AR B

S S AR T
BB R A £ KA AR T N (R 0 — A T AT 42
Zr LR, ASTNSEERM G &, 2T GFS Al ECMWF P> Bk &
RIS 42 & IR P ) TIPNG B HE A . e 52 3 L Bk R
R € TS 5 TR A RPN 2 o S BB R G 60
@éé%ﬁ%ﬁ%ﬁﬂﬁiﬁowyM%mﬁwm?=é%%
R £ 13 1058 £ RSB R A, JOURAA T 64

aIe it ="t PEIEER, BURasiitSitie.

L7 R iy,
1 A BRBUERL AN SE ML & XURE AR AN 3 B2 ) Tl PP A

AICIEH 2016-2019 FEWIA] 14 DMEEHAHTLH & KAMI(1614 =, 1616
LR, 1617 fidfa. 1618 . 1703 RIS, 1718 ZHI. 1808 HH[ . 1810
2. 1812 =4, 1814 FEFE. 1818 iR LTE. 1909 F#FH. 1913 FAF4. 1918 K
i), FFUSCEE T EARR S TR BREE AR N ECMWF R GFS X ik & KU
0-72 h TR % . ECMWF #X%E H 00 BF A1 12 Bf(HHEFAET, T EDER, F~mER
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106  JZHCN 19 2, RIS PEFEN 0.125°X0.125°, KPR N 3 h, GFS MR
107 IF[AVAN= i TR] ) B 5 ECMWF RRAHIE], B EEH0N 34 5, B
108 J90.5°X0.5° &ia & XEIHLE B, #2107 24-36 h, 1&E 14 & XA 15
109 RIS A, AR AR T R TR A6 T 0-72 h AERRIF AR B 1B 1 20 FURT BN 1)
110 %6 h & XA, & RSN 1, B ki T B AR A Ule i
111 EBREEIELE(Ying et al,2014), ZEHRERME 7 & REREAD . AE. &R,
112 DEARRE 2 20838 e d K XU

50°N

45°N —

40°N —|

: ==
¢ =i
20°N | | | | |
113 110°E 1 15°EY 120°E 125°E 130°E 135°E 140°E
114 Eﬁj’%ﬁﬂ‘%{ G RIIE 6 h B2 SLH
115 Fig. /Mor s of 14 typhoons during the study period
116 ® 1 WU BN 14 DG RETTIG . G598 SE L
117 Table 1 Theo ed starting and ending intensity records of 14 typhoons during the study
118 period
‘ T3 E ‘ G
G X5 FT UG ] &5 R[]
bR AR bRk BRI
(B IUTC /UTC
RKE/(msh) S E/hPa RE/(msh A H/hPa
1614 (R :3) 2016091400 62 915 2016091700 13 1004
1616 (L#+) 2016091612 48 945 2016091912 45 950

1617 (figfa) 2016092612 45 950 2016092912 10 1006
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1618 GE®) 2016100300 55 930 2016100600 20 995
1703 (B435%F) 2017070200 18 998 2017070500 18 998
1718 (A 2017091312 45 950 2017091612 30 980
1808 (FF[E) 2018071000 50 940 2018071300 10 1002
1810 (#lt) 2018072100 25 982 2018072400 18 992
1812 (%) 2018080112 20 990 2018080412 10 1000
1814 (FEfE) 2018081112 20 990 2018081412 13 998
1818 GIELLTE) 2018081512 18 996 2018081812 992
1909 (F|#F) 2019080812 62 915 2019081112 2\ 982
1913 (J4¥) 2019090500 48 945 2019090800 984
1918 CK##) 2019093000 990

119

120 346 FH FR O SR I ST 1T AR 2R AT ERE IR & XU e L,

121 ATE, XERREEE ECMWEF,

122 #HMEREVEG . ERR LKA, X

123 f 64.3%(9 MM, ECM

124 Mpl, ECMWF 5 GFS T4l f

125 SR ILT ECM 24

126 7rffr, FRAEZER) /dﬂ% ST R 22 B LR . BHIET 2a AT, PN

127 PSR TR E S RIS RN SR e K G oK, JEIRAE 48 h BUE, RZEIIRM

128 K. PR 24 h LN & KA TR LT, ~FIRZEIIE 50 km 47, 1

129 X} 24-72 h (1 & KERAE T, ECMWF BB AL T GFS, PR Z(H 7% 157 km

130 A1187 km. &l 2b IR ECMWF TidR 1% Z bRt Z1E 24-72 h #IH] B KT GFS,

131 UiBH ECMWF F Tk iR 22 L GFS B R (B MU B /) . NBRFERIZ 6h FiiHRk 2Rt

132 4XRZERE, 14 MEXRMIIFEH 64.3%(9 MM, GFS TR & X 5RE AL

133 T ECMWF; A 7.1%(1 NI/, GFS 5 ECMWF Tl i & KGR EEAR 25 A

134 28.6%(4 MBI, ECMWF BTk 1) & XEREZR T GFS. ] 2c W41, GFS

135 F1 ECMWF Xt & XU TR AZAEAR AN, 0-72 h PR ZE /1 518-4.4 m s Fi-6.3
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Fig.2 The ave ors (a), standard deviations (b) of the typhoon track and the average errors
(c), absolute errors(d), standard deviations (e) of the typhoon intensity under 0-72 h forecast

time of ECMWF and GFS
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Fig.3 Schematic diagram for typho0W ihitial field reconstruction
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a= %(1 — cos %”)—1 (2)

A, Blm = 2,3,4,2,5,6,7,2,8,9,2, SGii4h [ BT A AMEIEN, 15321330 H),
VS4B Hp HORE T IR 7 B A IR, A xRt T

Hy(r,6) = [1 — E(")][Hp(r,6) — Hp(ro)] (3)
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5 B S TARH UK P S, wg Rl R KR EEFR e H,
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o 3fe LA R B S I e K AT I
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2.13 GRIIEHE

LA 1909 SilsRE R “HE 7 S, BEATHIMGHEE. B 4a MK 4b 735
N8 A 8 H 12 if ECMWF Fl GFS ] 850 hPa 4= X\37, Zidimhiesn &, 55N
W (K 4d. de) MR (K ag. Bl 4h), BIEWSD, PR
FE G RO T 32 B KT AR T R, TE IR e e s 1
AL HC AT BRSO PR S8 4 e b 73 B R, IX R B
FE AT HE— PR AR 2], ECMWF 43 B545 3111
RS G AN s 25 AL GRS B2 Ay i, 1T GFS ﬁg
ORI FRI XGE 5 ECMWF fBi . HE P8 LI 45 211 5
FIE A OB KRG (62 m ™), G GFS [TMiedzy it 17 3 e A A KRG A B2, AR5
BINE ECMWF FI R RS, B 1%‘7;.;%&6%(@ 4c). HEEWIIGS S 4

DRCIFSIVER SR s FNARCR LR IRk el =

RALM & K

7 B (24.4 °N, 125 °E)
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42019 7F 8 H 8 H 12 i} & Kg“AK 350 h‘Aq\CMWF 2R3, (b)GFS &X, (c)E
RIEMES,  (f) EEVIIESS ECMWE 4
RI%ZEAE, (g) ECMWE iR liEd,

(RE: W, # }s/ IR, Shi: ms™, R AU IR A Ko AL E

(24.4°N, 125 °E))
| wind field of ECMWE, (b) Full wind field of GFS, (c) new reconstruction field, (d)

large-scale envifonmental field of ECMWEF, (e) large-scale environmental field of GFS, , (f)

difference field between new reconstruction field and full wind field of ECMWEF, (g) vortex field of
ECMWEF, (h) vortex field of GFS and (i) difference field between new reconstruction field and full
wind field of GFS at 850 hPa for Typhoon Likema at 1200 UTC 8 August 2019
(vector: wind field, unit: m s shaded: wind speed, unit: m s the black dot indicates the center

of the observed typhoon in each panel (24.4 °N, 125 °E))
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2.2 AN BRRK BT
2.2.1 BEANAH

WA b RO EUE TR0 25 RGEHESE (ZIWARMS) R H WRF 3.7.1 9 TighAb =X,
I RZRE, XIBKBEERA 10-55 °N, 80-130 °E, /K F4r#% N 9km, HEH
JEHCH 51 7 AR AP B A4 3 7 % R F WSM 6-Class J7 ¢ (Hong
et al,2004), [Tl id F& (£ Noah 75 %(Chen and Dudhia,2001), 1T215ZERKH]
Yonsei University(YSU) 2 $ {X. 77 % (Hong and Pan,1996), % [f 2 1% H & T
Monin-Obukhov [{] MM5 FE{LL B8 (Jiménez et al,2012), K i . %E?BZ?EE\ RRTMG

s i I A% 7 % (lacono et al,2008), AR =S5k 77 54
2.2.2 Wit

N THRDT G RV UE) BN BT 9R FE TIR I
R, TR = Rk (1)TESTEC: A H] ECBS LIRS S
¥, IXZ) ZIWARMS: (2)TESTGFS: FIH GFS TRk I™ERI . 7% 1F, K3
ZJWARMS; (3)TESTCOM: 7| ] 5 2 f¥ G AWIIEY), 454 ECMWF TRz
NG SkAE, RE) ZIWARMS.

CHEFER 14 6

3 EH T

T b T & XU i A6, 346 FH P B R VT T AU AT
I AT E 5, 0 = IR TT R & KU AR 540 B TR B A B0 P A
Mgtz b i 4 4F 14 DML & XHIZ 6h ik R itk 2E, 11 64.3%(9
MBI, TESTCOM 56 TR i & NER AL T TESTGFS IREy, BH 57.1%(8 1)
(11451, TESTCOM R38R T~ TESTEC i4e . Kl 5 45 7 = 2H {50 14 4G X 0-72
h 4447 R0 5 JEE AR 1) 2 B 0 A BT EAR 25 43 o 1 P 5 P 5d AR 5 AT 40,
2oL I Jie 558 A7 J5 , TESTCOM B LE W UR IS %1 1 & MU O B B A N St — 5,
£ 24 h LLJ5 TESTCOM {56 B8 AT Fild 4% TESTGFS 30 UL A aadA B, JoH2
FE5S 60-72 h TR W] SO0, IR 20> 65.3 km, AriEZFE(K 72.5 kmo =

ZHiR 56 (TESTEC. TESTGFS Al TESTCOM) AT A5 TR i) %1 °F- ¥51 () B 45 15 25 40 il N 122
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km. 148 km Fl 127 km, Fr#EZE45> 124 141.9 km. 177.1 km F1 150.5 km. 7] /L,
TESTCOM iR 36 TR #5427 341 1R% Z 5 TESTGFS REG I/ 21 km, “FIbnifEZ 5
TESTGFS iJF#AIK 26.6 km. 14 & XM R Z2 U 0 A it — 2 R W (B 5a),

Xf TESTGFS B A2 TR 1% 225K 1 & JRMG, TESTCOM 5045 214 8kt « MBS
W RIS IRZEKTE, A 78.6%(11 D), TESTCOM {56 FilgR AR AT H o fix
KRG TESTEC WIS A B, 53 50%(7 M) HI/Ml, TESTCOM i3 4L TESTGFS
WA SGE; B 64.3%(9 M)A, TESTCOM R 6 TR i Hh L B A1 1 <

N LRSS 0-18 h IS
A 6mstll b,

1 TESTCOM I8 Fifik

ST Yl T iR 224 W8 12.3 hPa. 10.5 hPa A1 10.6 hPa,

A1 16.9 hPa. 14.1 hPa Al 14.1 hPa. 5733, TESTCOM 56 il
2 R O B AR P X 2 06 R 22 45 TESTEC B8 kb 1.7 hea, “PHbnifE 24
TESTEC 146 11K 2.8 hPa. 14 > & KM 1R ZE B Al 2t — 2 R W (1] 5b ATA]
5c), Xf TESTEC 5 B ik iR ZZ BRI & KAMA],  TESTCOM 15645 1A &k itk -
FIRGEIRERNY, EIWIEHEEP TESTCOM 58 1) & Xk 2 Tk 58 /15
TESTEC B0 AH2, % TESTGFS WI0A 1 HONEH: TESTCOM 56 Y 5it B2 T4k BE
715 TESTGFS W5 AH>, %% TESTEC WA R, "I, HEE KWL )E
O TR 45 R AR 1 ECMWF S A2 TR L3 LA L. GFS F s R AL, A3
BUE T B UK R AR 0 B TR, AR SCHR HY BT 46 37 B 8 U7 S AT RN S Bl 55
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