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ECMWF IX3)3% 1% 8 1 X VL o & MR F 57
(2019) K404 B8 TR IR Bt AL

EEY  [FEr DREM HER
WL A S EBEF T, HiM 310008)

E

HETH i 3 AR DX A R SR P R, T = B & ECMWEF 423K
PARASE ™ S A B J i@ T VR R H, A SCEL 2019 4 EE G KR 5 5 XA
AR, T T ECMWE 3RE37)7K - 7 18 1 B ARSI & KUk AL TR
PERERUREMT . AEHRI: (1D WHE X AR TR I R, BN AR R
KRB IERIL 80 km. HEIE T [ 2 B2 GO T35 &8 T RO A — @i, Sk
I 800hPa 51 5 LA b 1S 3E U %] 5 AU A A i B TR e dE e i o (2) 15 I 0T T
B K RFH B B KRS AL TR 30 RiE e, 6 F 8 L LL B KX ETS 34015
B RN 8.0%, B KHMUEERIA 20.8%; Xk H FE /KRN KEM LA EREK
TS VP2 SOHIR B IE 11.8%- 26.2%. (3D WEIE X 5 XU A2 T4 AT 74 R XU v
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1 318

NG X IR BUE A B B, Waldron etal. (1996) $2H T i I& 1T ik,
ZITEARBTE 12 54 R AR 2R B R RURE DRI 3 PR g A 38 D T L A i ¢
A7 PR XA R TR B DAAEA PR X e =y, AR 30 i 2% ) 14 £ v
5 QAU DX 3 1 A KR 3 2% [RD 386 00— AT IR TR I/ A R DX ek i A =X
AR ZE . BT L, BT R R R PR TER, e W SR X s At
PRI R R RS s il A Bk xQaiia 3y, SUARIE T BN R RSB ER
PR X sk B A B & (von Storch etal., 2000). #i5, WEITH A —ER
JE _E At 1A BRAE AR AR R R G SR B X A A /N REE R &
RIS, AR T X IR I e i — M g4t

BT B EEE T R AR S, 27T XA TAE N %, iEis
CAR IV N - (=1 - = G e 1N P N N | R A =M R
(Miguez-Macho et al., 2004; REHNZE|F, 2011; HEEMERZE, 2012),
x5 [ 5 e L 1 B 2R B K L VLV I 5 IR B A B gt (Mliguez-Macho et
al., 2005; Chaand Lee, 2009; Shanetal., 2012; Tanya L. Spero etal., 2014;
Chio and Lee, 2016). 2013 LK, H ¥ 20k & 7z T HAOR A
FEMBE R, FHHS T R 2R . Cha and Wang (2013) FIJ F 3 J& i ool 7
XA S R R34, 1540 & RS AR FR 5 T H Sl . 1) 2008 AEAT3E,
[ R 7 KGR PR KOS AR, FIFTSE (20160 J8 I #5E I 1 A XK ZE K
57K BT IESEIL T B KBt . T, BT XWTL A 2 X R E R
TR R G AL B IRA . (S AR5, 2015), FERZEESE (2019) HET £
LA WA AT 7 VELE 18 43 HR AR DB R TR AR A R AU 1 R 1 L F A A
WhE T /K RIg i i N 77 58 %07 RIERE R EiR X 555 1. A
SN DR A8 TE SO T M R AL

M) 75K st 1% 8 3T B AR SR RN, KR BE DR B A B T 0 R 2 5 1
ITRCRBRBE R R, 15— AN @ s R R B RS I A B T i@ i SRR T
P DX I BB TR ML 55 RGP AR o X 22 BT A BROE SCTRAR = oMk 55 VRl R
ECMWF  (  European Centre for Medium-range Weather Forecasts,

https://www.ecmwf.int/en/forecasts/datasets/set-i) 1 NCEP-GFS (National Centers
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for ~ Environmental ~ Prediction =~ Global ~ Forecast  System
https://www.nco.ncep.noaa.gov/pmb/products/gfs/) 4 ER PR A 2T Fo H & XK
SIERMERRIL R CE/NEFIRIE, 2015; FRERSE, 2019); ECMWF 23RBS
SR TR S TN T S B ER T LA SRRV AT, 20200, (K,
TFJ& ECMWF 4= BB TR 7= it B 50 (4 58 T 10 B A . FH A 95 T B8 2 B 15 52110
—&HEERE, CHMRER, T NCEP HM R (BRI, 2016;
4, 2019) o GFS Fiikin %kl (Cha and Wang, 2013) BRZH A 1EE T F A
FELAEIAR —E Rt Re, T 7E X3 2 HR AU R T s ECMWF 42 3R A8
IR I IR 20 (4 B S T TR R I AR D, 56 20 o 0 S 0 4] S ) 5 XX S G 4
AT R ST 6 D o

g LRIk, RRETH o HEER O BUE R AR MR, B R s R
ECMWF SRR R S T 5 2035, AR SC LA 2019 46 7% 5 2 i 38 (5] (14 58k 5 LA 7
i), I ECMWF SRR 8 17 4 AR TE 5 43 2 XU R TR R 56
R RS, S IR HZ R AR W & RS AL TR A T BRI, DR &
ECMWF 2R} 7K PR3 7 1538 1 B ACE I AT, Dy e 0 1% DX S TR
FEANAL TR K TR T G KR E R TAER A . O E8: N e T
52 T TR AT MR EL R BuE R, R R 58 3 T
BT TP I HE ARG B W IR 7 R T RE B G KA SR SR 4H AL
AR TR 2R TE 36 4 TTHET T B BT IG5 5 TRAXME R 51Tk,
2 FiEmBER
2.1 B X BEEIRER

F] i WRF-ARW V3.4.1 # 3 ( http://www2.mmm.ucar.edu/wrf/users ,
Skamarock et al., 2008), 126 F# VT4 FUE TRl 55 R BV FEHELE (Zhe-Jiang WRF
ADAS Real time Modeling System——ZJWARMS) (584, 2012). iR
WEIRE, WAMNZXIERE A D01 M D02 (K 1a), DOI ZKF73#% 9 km, # fi%L
265 x265; D02 7KV 73384 3 km, # mi%205x187, #i(/ZTHIAE 10hPa, P4
REMEEZHHEE 36 2. EH YIS H T RS Noah i i i f2
77 % (Chen A1 Dudhia, 2001)\RRTMG %73 A 4R 5 77 22 (Tacono et al., 2008
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YSU KAAT 27277 % (Hong et al., 2006) WSM 6-Class z #1777 % (Hong
et al., 2004) A MM5 AR 3R 1H /= 77 % (Jimenez et al., 2012).

(a) Model Domain (b) Terrain

40°N

35°N

30°N

25°N

110°E  115°E  120°E 125°E 200 400 600 800 1000 1200 1400 M

Bl 1 BB X 3 5 (a) BT (X35 (DO02) T i B (b, BIRE, S m). B a fhipy (DO2).
4b (DO XIFAK PR FE 5354 3 km AT 9 km, FHERZREHEL /R RN Xk & b 1 5 Bl bR ic
P ) ar R LA 7 A E KB OB Rl (KO, 8N AT A
PEEL (SL). VLF Rt (INDL BBESE (ZD. Ryl (XX). AR (SP) FXAHAT (ZD),
Kl b A4k AB 7n E B 10 T EHIT I N PESTR (XX)FIESHLAS (ZD) Bk A (7K
VAR

Fig.1 Configuration of the model domain (a) and the inner domain topography (b, shaded, unit:
m). In figure (a), the outer domain D01 corresponds to the 9-km horizontal resolution, the inner
domain D02 with thick black frame has 3-km resolution. In figure (b), the dot-circle marks
indicate the seven observational stations of main precipitaion ceters in Zhejiang province induced
by typhoon Likima (2019); the thick blue line AB denotes the horizontal line through the rainfall

centers of XX and ZD as displayed in the vertical cross section Fig.10.
2.2 WEEIR T FRK
BT WITLA & 70 XU R oA R U RR i, %8 Von Storch 4%
(20000 F1 Tangetal. (2010) FIJEYE B, #EIFEESE (2019) WiHl TEH T
ZIWARMS 54t (17K K7 W 8 30 B e 75 58 S ¥R . il il B AR J 3R A IX
SRBE AR E Ay — <P JUBE” 1l /R AL (Waldron et al., 1996), 1 JuffisE
DA T PR R AR BRI R RO 2 ), G 0 5 o S A 48 88 5 Vv B R R A
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R R it % ) A R 20500 3 A PR X 3D 2 IR 22 St i, SRS 7 X 4k
AR AW P, EZER TR — M IED, Bk
I IX 3 A0 3 1) 4 BRASE K 47 1 R RURE 1 225 8] 1) 2y 7738 10 LA /D A4
RFE o SCHE R ST 7 V2 e e X R 2 X 3 ) i — 3 R IR DL B BT
JE R KA IR R BE 5 50 170 J 2 AR ) ECMWF A BRI A T8I, X R I

IR (S0 208) X 32 BLE K DA P8 T B3 I AR U i
BTG AR N3G B IE TR ST s HA 2 R L 3R (R A U i i g — ARy
AR S TR TR (B B FORIE S A, BRI IRE T S % R IR, SR
A AR RFC U I~ 4, 50E 3 P A0 Ay /e — Pl 142 1) B2 k] 4k 7572 (von Storch et
al., 2000). SERp b, &L 5 5 3 B R R R T LA I 2R SIL SRR

AR ERAEIEN T & WA E R R A EE R (BRI —IE,
1979; XB[E%%, 2005; Zhang etal., 2017; Zhang and Pu, 2017; Dong et al., 2019;
FHABRESR, 20200, —J70H, KAUEZ 552 5 M2 % 48 5 7ARe vE
SN, R LR 7 A I DX A O 2 KA/ RS U B A AUM AT AR AR 35+
i —J7 M, o S A R O b 2 OB R B IR S A A A 3. A
SRR DA, AT BEAEAE — AR RHE T H 2K, 7% 2 LR R B XA
PR3, AR IR S LA B 51 N IR 37 1 18 10 KW AL 4 3R 2 i AL DL A 34
B 24 AR A ek B e, DR 6 Bk — D O i 4 B O R R i —
AR BWEIT TSR N1 P, APFLRh 71 AR (CTL) M4
ANAN [F) 2 L JE O E T BRI BB e, il xRS 12 B (49 700hPa i
J%, SNL12). % 10 /2 (%) 800hPa =5, SNL10), %5 8 JZ (%) 850hPa =i/,
SNL8). 6 JZ (£1925hPa, =%, SNL6) K LA L2 KUK I sh 1118

o FTARIIIFr 72h, BURMEIRIRRR T IEIT )2 RO F AL, Hofh e s it s
58 52 4 A ] o

&1 Rt

Table 1 Experiments design

R ORRED RB A ]

1 At IR CTL RAEATAT L i & I
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2 SNL12 SHEIEE 12 B (6=0.703685) K UA EERAE G E T

ENGESE
3 pkitE SNL10 XA 10 2 (6=0.790056) % VAL J2 A i IE I
4 ﬁﬁifjﬁ SNLO0S SR 8 B (6=0.862011) M UL FEIRAE G ET
TN
5 SNL06 R 6 F (6=0.921500) K LA EEREEE T
2.3 &R

Bt 746 FH B2 B4R ECMWE 1 BREBCU TR ZRE . ZIWARMS  [X 3804 {45
AR Z R G XK R TR S0 R A & 5 kL. (1) ECMWF 2 BRI
i TR TP SRR T R 2 HER E P TR b, B M i A R
PORHNFIR] 3 5260 3 h, Hodh s 2 AR B 28 18] 43 HEE A 0.25°%0.25°,  HivT 2% 5 1)
2R G HEREN 0.125°%0.125°,  AE AT 5T s 23 9 X BB B X 00 46 3 A
FEAF (20 G RUEEAR RIS R R LI 2k TR 30 A U TR e RE . 6 XU 4E
PORHIE HHE S G R LG XBTHIER [ PG A6V i SR 2R R G4 AL A 5
IR A2 R (http://10.228.34.9/stiweb_light/). (3) 23t XU %5 R [ #IT4 <
S B I B Shib B B, 36 7T HTLA 2 2900 24wk fOM B Rk (B
102 A E K 2800 24X I8k B Bk, w2 E 0 #ERY) 6km. ST
FOFH, TEIX R 23 ()3l pU 2 B O R, AN B E T VE N 4 R A IR (7F
AR5, 2017). Mk, 7E N SCHTHIZE A 30 VP4l 20 B AR o, A SR s B 5
BRI B 205 42 48 % 3l o SORM A (8 20 AR 7 4% a1 AT b T 22 38 10 A % 8 =
5. (4 MTETERRER, AEH T ECMWE 2R 08 I F1 20 B 1) 73
Hriz, WA 33508 12 he

3 MR

2019 E55 9 5 M “FI A D (Lekima) 8 A 4 H 14 i (AbEH, FED 7
SRR T AR T AR B I S A6 D7 M A% sh, SREANWTINGE, 7 H 23 Mnse i e
M. 8 H 10 H 1 I 45 /3 fEHTLA & MM TR IR BOE Fili, G Rl oo B 30T B
RKIAT 16 9% (52 K/AB), HL AR 930 | M. Bk R & 5 b w vE 7
FINZEWIT . TL05, SREEIZHNSS, 11 H 12 A ERIeE, X F8H 11 H
20 I 50 3 7E LW ZR 48 T By T B0 5 XV F O8 Bl bR <R E gk ek BT 12
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H 05 B 8 NSEMVS TR IR BEFT 4, 13 H 08 W ES NG IRE, [FH 14 1
REFIEGR T WS, RIS AE 1949 4 Lok B bk B B Kb b X (4 565 F 47
Ha e X, FET 17 ZLL KK EHL 600 mm DL EFRER, a1k,
TTIRA548 14024 TN R, 57 NFETS, 14 MK, BEELHHIL 537.2147C.

TG KR A D E R SR, 8 A 8 HEI 11 HANTL A % HREWN, W
VI X K R T SR R KR, MR FE R & AT 24h iV E AL, R REN
ik 831 =K (BMIEEFREE L) WL KEBHIL 8 L E XK, HAr iR
12~ 14 FFB o 15~17 %, HRN 61.4 K/ GRIGHIEE =5 54, S
WL BHEA TR Rk 407.2 4276, WL, BEANWHLE & KR & D B 6
SRAETR. KURYSRAE R, EmVE R, JH I E SR A L, R G KA
Ty 2 i B ECM W BIR3)) 3% 158 3T 5 A WL i 43 % DX A A T4 1 e s T
— AR BT A E I, e BT B 2019 4E 8 H 8 H 20
B2 2019 4F 8 H 11 H 20 Y.

4 R

& R A AR B B RN IR 45 OB R 1, O i & XK 4 1k XU T
W BB (BRECASE, 2012). Mk, HEEE XERAEEE G XS4 T
M REFH R 55 Hp (0 B AR SO AU A, R ST R SRR I XU AR A5 B VT
i MR EZ BT TR, N5, SxTm e iy RIS R, ot
—Sr AR X 10 m KA FEK TR 77 TR N IEAL 24, DA 4
TV B T 7 50 G R SRS 40 Ak TR M BB 25 & S R /MR R RES AR .
FKHNGITVE S8 YRR ZE (RMSE). ZFEAMH K R (SPCC) A
TS. ETS (Equitable Threat Score) ZEPFLE (T 44", 1995: Gotway et al., 2009).

4.1 X & XA 5EE R

AR 5 T R R R T R M I T B AR TR R B . — 7T
) IV E T T 6 MBS AR TR A B 5, SRV XS 18h 2 72h (<M & 57 G
JRER AR TRAR A i e o X B SR BURN X i X CTL 38 BB A2 vl 43 (1] 2a):
DX A CTL iR I B AT R 22 2 HIILAE 9 H 20 I % 10 H 20 B & M4
Wi LA, FEWTTLEE A & KRR A On 78 BH S5, HL TR R 38 14.1 km h'' B840 17.1 km
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h! {18 . 2838 ECMWEF #20K-F R 30 i & i 2 Jm , B SUgert il 56 244 CTL
S & KA P RS ) 7 1R 22 A0S U AR iR 2 EATAB 1R, WL A BN &
RER AL TR A 2 dE . 8 S BT X R e AR 1R 72 o (& 2b), ihE

IR FEXT 18h £ 72h (9 H 14 I E 11 H 20 B FIFRk #4210 05 5 SodtE
H, WHEITATJE 72 h PR ZER/NZ 35 km, IZ/NHRZ R Z 8/ 80 km. 53—
DI, NIE 5 R S ROEE T I SO R — e e, R ERERUZ AR 10
JZ (#9800 hPa 15 ) & UL IEEUT 5 SNL10 B4R TR e fE o 40T % MUk
5o R ZE BN AR A 0, BEEUZEEE 10 JE A LA R iEE T S SNL10 [ 3R ZE 48 8
BN, T2h NEPRIRZE RN, R AR TR A B A RE I T R

(b) Track errors

180 - SNL06
| SN
150 o |—e—
(a) TC Tracks g 1819
38°N - o 120 4——CTL
= 8 ]
SNL06 S 90 4
36°N SNLO08 *(ZS 60 -
——SNL10 a ] w A
—+—SNL12{{] 30 1 soedl A L ANARS)
34°N —~—CTL 0 1< St VN
|||||I||I||I|l|||||||||l|
——OBS
a0oN 0820 0905 0914 0923 1008 1017 1102 1111 1120
Time (BJT)
30°N (¢) Maximum wind speeds
° 60 ] SNL06
28°N ] SNLO8
N ) ] ——SNL10
» 50 1
26°N \_\\ A g ] -
< 40 1 4 Bsor g ——0BS
\ x ] & .
otoN ) ‘?"ﬂ\vogzo g 1 \\“E’.?,ﬂ
LEKIMA S 30
T T ]
120°E 124°E 128°E 20 A

I s e B B B B

0820 0905 0914 0923 1008 1017 1102 11111120
Time (BJT)

K2 20194 8 H 8 H 20 2 11 H 20 w7 B 6 M2 HSEHLS 8 H 8 H 20 IFEER
PIHidRk(a), & REEEIRZERTE(b, AL km)Fl G XGRSO Tk (e, BA7: ms!);
B RRG, B, ZR00, 200, B JRIED. KOS RSN CTL. SNL12,
SNL10. SNLOS 1 SNLO6 % .

Fig.2 Lekima’s tracks (a), errors (b, units: km) and maximum wind speeds (c, units: m s!) from

2000 BJT 8 August 2019 to 2000 BJT 11 August 2019, from observation and simulations. The
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black, blue, green, red, orange and light blue lines indicate the observation and simulations for
experments CTL, SNL12, SNL10, SNL08 and SNLO6 respectively.

X LU T 38 T A1 5 <R A s B AR s R 6 T 58 B s e S AR,
WEIE TN 21h 2 45h TR R SR T IS AT 250 o MR T et B T e oK XL
B 3h AR E S (B 200, Sk b, Pl 6 b iR A B R AR
59, T8 o B AU 5k . 3h ) iE T EXS 2019 E 8 H 9 H 17 IS
(F4r 210 210 H 17 B (B4 45h) & RO T &K SR A — 8 i, %
RIS 1 MRS R B — B FEEAB IE, “FIRERD 3 ms!. XMEIESIEE
T B0 TC B A% J5 TC i ¥ T B THPIR 0 S Bl e AT 24035 T TC A =2 K
ANTR] JE VR 8 AT X 58 B (A2 1 S B AR A, REUZ S 10 )2 R DL R iE T i
SNL10 IR % SR a /N, o i FE TR ) e A B s 7 R

MRAE FIRIRIE I AT 25 T, G XU A5 A 5 P AL B B S L ) SNIL 10 56
TR IT T RANRAETT R, GG AR R 8 [ 4.2-4.4 53 el #0, A% T 800hPa
R UL b R R E T R R e A B R A 4 3 T ECMWE S8 0 5] 3 &
JRER A P SO A 35 N X U IR & S R PR RIT AR 3% . T SO 36 PR
5 5 RV > 1 S M TV ) A 1 A 3 U7 ) TR TR 1 R ) 2% 6 5
M o

HATHE, &R EZ RS SRR, A — P iE T
S & AR AR, ARBOMT T 3 HhR i MR 7 R 15l AR S|
JCHR Holland (1984), i i+ EE & X0 500km 7K-FVEHE LA . 850hPa £
300hPa T B2 R K P K7 B YE SR A 6 X5 300 08T 2019 4 8 H
9 H 08 B2 11 H 08 i 51 S A3 (& 3c): Sk b, il b fE
RIEH 5 KA/, TN 0.8 ms! (2.88kmh™), HAM/N 1.2ms? (4.32
kmhD. Zptfrehim (K 3a) fM&mE (& 3b) 5130, 8 H 10 H 141
AT CTL 156 % 42 5 3 12 R RS ) 78 2 2 R 48 1m0 R XL B | 3 R [l R RS 5
AR E R ANGIRD, T kS R 02 U 32 22 R RS SRR RN F B 4
BT 4.2 FREEITN T E AR S AR A, A 4a AL SR (S
RS s, EIREXRE I LTPRENLSG R (G KIg31e 31 7
B, KT R T IRIRZE Z PR T 20%. 0 5 2, WEIE U4 AR AT 20U 7 ECMWF
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TC Steering flow
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AL CRRAL: ms)s 51 HTER & 0 500km 7K F-J5 LA . 850hPa 3 300hPa T
HIZRZ AKX 3R 348 5 (Holland, 1984); P& v 4 B K (K 2R 7 7 B 7 T 2 B
i %1 o

Fig.3 The hourly evolution of zonal steering (a), meridional steering (b) and total steering speed
(¢, unit: m ") from 0800 BJT 9 August to 0800 BJT 11 August 2019, from CTL (blue line)
control run and experiment SNL10 (red line). The thick grey line denotes the time of Lekima

landfall.

42 MNETHBZ I

KA ECMWE 23R 0 (R ECMWF @ BRECII467) N
i, 1B 2hiFH— RO 5 SRR TR R R, R IR T
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700 hPa % 400hPa SU3HIE RS E1E 35% 4 41 HURG K. 45 M XAVEE 7,
RKNBEE R T RRE T E, SOk g R &k 34%. 30%AM 25%:  fieJa 2 i
Y, Z2HZRE0E 10%E 4. FRMRREOEE A o L Eor (8 4b), #ER
R LR 2 B M S UL 21 5%-10%; {EFEE J719 F, 800 hPa L
FRRBIETEHE ., EEERNR, & 25 s B0 AR A, St
A 20%LL o FATTFNE, & RFE3)FE 252 850 hPa % 200 hPa J= T 5]
S, XERIRAFE RIATEN BRGS0 5 E RG] S0 & & 18
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Fig. 4 Mean profiles over D02 of average difference percentages (unit: %) in statistics of (a)
root mean square error (RMSE) and (b) spatial correlation coefficient (SPCC) for meteorological
elements between SNL10 experiment and control run (the former minus the latter and then divide
the latter) during all leadtimes. The red, green, blue, orange and purple lines indicate the zonal
wind, merobservation and simulations for experments CTL, SNL12, SNL10, SNLO8 and SNL06

respectively.
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Fig.5 The observed extreme wind speed and simulated maximum hourly wind speed at 10 m
above surface (units: m s) from 0800 BJT 9 August to 0800 BJT 11 August 2019: (a)
observation, (b)CTL and (c)SNL10. The dashed rectangle (30°N~31°N, 119.2°E~121°E) in each
panel denotes the south-west region of Zhejiang province (SWR), wherein the major wind and
precipitation difference occurred between CTL experiment and SNL10 experiment.
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Fig.6 The comparison of the (a) RMSE, (b) SPCC, (c) threat score (TS), and (d) equitable threat
score (ETS) of wind speed at 10 m above surface (units: m s) from 0800 BJT 9 August to 0800
BIT 11 August 2019 between CTL (blue bar) and SNL10 (red bar) experiment. Strong wind is
verified with the threshold of 17.2 m s in (c and d).
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Fig.7 The comparison of 72h accumulated precipitation (unit: mm) from 2000 BJT 8 August 2019
to 2000 BJT 11 August 2019: (a) observation, (b) CTL and (c) SNL10 experiments. The same
dashed rectangle as Fig.5, the same marks and texts of stations as Fig.1b.
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Fig.8 The comparison of the (a) TS, (b) ETS of 24h accumulated rainfall with the thresholds of
0.1 mm, 10 mm, 25 mm, 50 mm and 100 mm from 2000 BJT 9 August to 2000 BJT 11 August
2019 between CTL (blue bar) and SNL10 (red bar) experiment.

VA AR50 B Bl 1R (2019458 H 9 H 20 AF %2 8 A 10 H 20 i) 1% 3h &
TR KA R 5RIIAL, W58 I 4 K 22 B U i B K R BA 5 24
it CEIBED, TR & & XU A Bs 3 h B Rk ool 53 . i s
A IR TTIRRZHA R, BN AR R 3h AR A B——Bl &
RIS ) 10 H 02 I 2 05 I, #77RiRZE A\ 30.98mm [# % 24.51mm, &
it 18] -2 RMSE M 20.80mm [ E] 17.98mm. 1% 3h 25 8] 5¢ R B A1 R IH
AT SOE 1A K 2 O 2 B K S 1A) 0 A1, B 3h 7K SPCC A 0.11 $2 T+
0.48,°F- 3% SPCC M 0.34 J+ % 0.55. Fiif FoK St e 45 R R B i@ 46
R 2 Bt Z 1) R I e K TRk e A SRR R o LI B R BA BN S TS

(ETS) #4543 M 0.29 (0.13) #4103 0.35 (0.20) ,Fd 10 H 05 B &5 3h K
TS (ETS) #4rM 0.34 (0.07) 32 0.45 (0.24),

WHTFTIA, T o6 W vl m P K m A i B2 . B B R A (2019 4F 8
J9H20m2 8 H 10 H 20 i) #rfipgHh X 3 MK H ORI (XX, B
9a). f1 54 (SP, & 9b) FIEHAS (ZD, & 9c) HuhiZE 1h FA/K Szl ALY
AR Y TR AR B, B T S B K B e S, S R R RS T TR B
(RIRE AP K TR M e o /KA BRI T oK 22 50 Uk B /K AR B 42 24
B, PG PR K m R BB 1E 3 w3 U7 AR R Z A 15.7 mm.23.7 mm 1 15.6 mm

-17 -



361

362

363
364

365

366

367

368

369

370

371

372

373

374

TR 7.6 mm, 9.1 mm 1 7.3 mm, TFEIEEL—3. dhb, HubBEKBER A
HIEAR A 2 RERN, 3 B PSR R N 28.3%.

(a) Station: XX

80 - ——SNL10 7.61 0.63
] ——CTL 15.71 0.43
60 —O0BS

1h Rainfall/mm

0921 1000 1003 1006 1009 1012 1015 1018
(b) Station: SP

80 - —=—SNL109.10 0.62
£ ] ——CTL 23.720.39
£ 60 -
o ]
£ 40
T 1
i 1
< 20
] MY
0 FrTTTTTTTTTTTTTTTTTTTT T
0921 1000 1003 1006 1009 1012 1015 1018
(c) Station: ZD
80 - ——SNL10 7.34 0.62
€ 1 ——CTL 15.57 0.78
E 60 4 —0BS
E i
£ 40
O
i
< 20
0_IIIIIIIIIIIIIII
0921 1000 1003 1006 1009 1012 1015 1018
Time (BJT)

92019 48 79 H 20 % 8 H 10 H 20 B &% @Il FE 7K 1038 1h Rk FEKBAL (B
20 2R 7n i CTL FIAL (52O [ 2878 7 i AR RS SNL10) sl (BEasEZR): (a) Nt
K (XX), (O)FBEAS (SP) Fi(e)EHiks (ZD)o B & Bk i 44 R I EUE R R
2l A Th K IR 7 ARIR 22 CRAL: mm) FIAHOG REL
Fig.9 Hourly evolution of the observed and simulated 1h accumulated precipitation (unit: mm) at
rainfall centers: (a) XX, (b)SP and (c) ZD from 0800 BJT 9 August to 0800 BJT 11 August 2019,
from observation (black line), experiment CTL (blue line) and SNL10 (red line). The values
behand the name of test in the legend denote the RMSE and CC of each experiment in turn.
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Fig. 10 Cross sections of the simulated 24h-mean three-dimensional reflectivity (shaded, units:
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Fig.11Vertical profiles of the 24h-mean simulated variables at the SP station from 2000 BJT §
August 2019 to 2000 BJT 11 August 2019: (a) horizontal velocity (units: m s™), (b) horizontal
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Fig.12 The improvement process of typhoon fine prediciton through dynamical spectral nudging
technique.
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Impact Study of Spectral Nudging Technique Drived
by ECMWF Data on the Fine Numerical Prediction
of Super Typhoon Lekima (2019) in Zhejiang

Province
Dong Meiying, Chen Feng*, Qiu Jinjing, Ji Chunxiao

(Zhejiang Institute of Meteorological Sciences)

Abstract

To improve the performance of high-resolution regional numerical model, based on
both advantages of high accuracy forecasting data from European Centre for
Medium-range Weather Forecasts (ECMWF) and spectral nudging (SN) technique,
the impact from spectral nudging (SN) technique drived by ECMWEF data on the
fine prediction of super typhoon Lekima (2019) in Zhejiang province are investigated
by the Weather Research and Forecasting (WRF) model. The results show that: (1)
The contribution of SN to track of Lekima is obvious, for instance, the maximum
hourly track errors can be reduced about 80 km. (2) In Zhejiang province, the Fine
predictions of gale and heavy rainfall induced by Lekima (2019) are largely improved
through SN technique. Compared to the control experiment, the increased percentage
of ETS score of strong wind larger than 17.2 m/s is about 8% in mean and 20.8% in
maximum. At the same time, the increase rate of TS scores of heavy rainfall with
threshold as 50 mm/24h (100 mm/24h) reaches 11.8% (26.2%). (3) Further diagnosis
illustrates that wind field spectral nudging can amend efficiently the west deviation of
typhoon track and the over-prediction of strong wind as well as the heavy rainfall in
southwest of Zhejiang province, which are related with the improvements in all
atmospheric elements in troposphere, steering flow of Lekima, low-level wind field
and resulted rainfall enhancement effect by local topography.

Key words: ECMWF; Spectral nudging; Regional numerical model; Typhoon; Fine

numerical prediction
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