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Abstracts A long-lived tropical cyclone that occurred on North West Pacific called In-fa has been
studied. Two kinds of data, one is ERA-5, another is FNL are used to produce the initial values for
model integration. The ERA-5 data is taken as reference, the difference between FNL and ERA-5
is taken as perturbation. By decomposing the perturbation into different kind of scales, we reveal
the impacts of different-scale initial perturbations on the forecasts of tropical cyclone. The results
indicate that, whether it is intensity forecasting or track forecasting, the impact of mesoscale errors
is most significant in the first ten days of forecasting. After adding mesoscale errors, the typhoon
track tends to add up all the errors, and the intensity also tends to add up all the errors, indicating
that mesoscale errors played a decisive role in the forecast for the first ten days. In the next four
days of forecasting, the contributions of large-scale and small-scale errors gradually become
prominent, and the effects of the three scale errors are equivalent. In addition, mesoscale errors in
the early stage caused the typhoon track to be eastward and stronger, while large and small scale
errors caused the typhoon track to be westward and weaker. The analysis of the reasons shows that
the mesoscale error field has a higher similarity with the entire error field, that is, the information
of the entire error field is mainly reflected in the mesoscale error, so the role of mesoscale error in
the early stage is significant. In addition, the superimposed mesoscale error field has a stronger
initial strength for the background wind, and the eastward track results in a later landing time.
Therefore, mesoscale error leads to a stronger typhoon intensity. However, due to the large and small
scale errors causing the typhoon track to be westward and make landfall earlier, the overall strength
of the typhoon is weaker.

Key words Scale decomposition, initial error, typhoon track, intensity, numerical simulation
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DRLIEG, I sion s AN A Tt 00 P OB R I R Bt e, B B S

AR, BEE AT SE AR RN LA R E TR K I8 S #vis SUie i #
ARG S TR OEH 7 NseE GFBORLE, 2010; F/NERIKIE, 2015; i X
%, 2015; Chen et al., 2021). ZRTIXS TG KPS BT, TREERKHHRkEZE (£
W5, 2022; Chen et al, 2021), KA 5B LRI ZE 1 G A B (8] iR (1 1% 22
IR, BRI T EILIRA M () = B [H 22, T3 X 28 6 U Tl 15 2L A H 2
M o

GRS H AT 6 XA EZFB, 6 IRz R, B HAEBUE Ttk b A BOR )
A M. VF 2 PORMNEE AT AT SR R U R B, WME A e PR & EUE T AN i e v
HIEEZRYE (Yu et al.,, 2013; Emanuel and Zhang, 2017; Zhou et al., 2018). K, J/NIME
(AN AR B v B BB TR B IS B B F B —. SR, &R R R T,
TR R BRI AT KR . I R] iy 20 FR ORI, 32 T RN AR ) AN S PR TR
Mo (Rl FERYME X & AR A A EE R OCEE R 2, 3E A s M6 %
FUNEE, HT ik, AP0 EITRE T 6 XIMYHEBUEIE 7. Peng and Reynolds (2006) 7]
R# R ENEEE T RPEFEMTE LA — 3% 85 ARG A5 B TR 5¢ T HME i U A k]
B, TR RS ST, H 2 KRB TIR S TR 0 BUSE X 32 BT AL i
FEAR S IR, HAaxXik Eyids F B <. 28, Torn and Hakim (2009)F] FH 4R & U=
MM J5 5% 2 65 X Tokage (2004)F1 Nabi (2005) 2 K 5 5 TR 5% T WIAE A ABURC I et 0 & B
G RTE TR 46 B 20 (1) o7 B R0 R A PR G 2 R IR FE TR e de K, i it AT ] SR B A
ASRE A BB R DR RUE 1 7K IX 2 o) Ry AT ) B AR TG B K2 (Torn et al., 2015), {HZfL
B RN 52 1 3 B S A2 T TR GG e Z B B I A e RO B 500km L Y 5
S AHE (Torn et al., 2018). Doyle et al. (2012)F| FH LFEBUBM: T iE% & T 2008 £ 4
JA Nuri A2 B E BOUBE 0 8, AT AR B 20 1 5 B AT 4 1A AT FE PR B AR UK,
6 KRB AR AU, R ARAT TS A RO B s i P s i 07 O E L 8 IR E
BEAT IR, AR WA BB M AR XS AT . BEJS, ABATFAE R B0E S 2 T R
SN AIRTEL BB 1) 3, 45 SR 3% MR T4 A G AL P SR B ok B R SR O X3 5 B A R
BRI (Doyle et al., 2014). Zhou et al. (2016, 2018) &% PEAL A EEH 16 N itE
HH T EAVERET = R A TRRZ IR, 45 RRW,  THRWIAE I % & XU 38 B A
PEXRF G KU BR AR TR A A 54T . Xu and Wang (2010)A K Sun et al. (2015) & FLAT 4G 1 e
KANAE X 5 BARAH e A% B /INE B EE 5, T FLI 2 52 00 78 K R v ) Rl Ue %
S ER 5 S1EH . Emanuel and Zhang (2017) % AT 4F 15 22 6k #AH 0E 3 P T4 A4 52 i
DARFEEZ R, HLomBE iR 22 B 3SR W46 UiE N AZ IR FE A1 X i A BiUES . Nystrom et al. (2018)
DAFE B Ay AU o0 300km R 7, 25 B0 S BR A AT 4G S5 A AN E 1% 2015 RE XL Joaquin
A P AR O RE ], 25 SR B 300km LAAMX S5k, 45512 600km F| 900km 2 [8] [ [X $54]
R 2RI AN M 7 11 6T B X, Joaquin FR B A2 TG SR T2, 177 300km LAY IX 3T 46 2% A1)
AN 7 PN RE X Joaquin (58 BE FIRA BRI . A HE FLEE (2022) BFFL T 11 8L & XU
B G RAMEBURX BIIX 3, BRI TR m B 6 ), BURX EZA AT AR A
B, X THEEMEG R, SURX FEATHIE &AL B 1 &7 .

FIRORT A RWME R BURPERT 7T, T8 2 M OCTEAIE O B X S B DG RR  BAN BL
AR B TR AN 1 B s, TR 25 e TR AN R RO IR 3% & TR 52
M. BT REHTZAFEREN RS, BEIYIME T CUE B A R R 33 BT A B
BTN B 98 2 B A 1R RBE 9 37 % #val SO M #8 3 BA AS [F 520 . 5 40, Fiorino and
Elsberry (1989) LA 500km 1 1500km 5%, EAIMEH VI ABEZE A RO Ay =
B, SRIGIENIIES o i s o — AN RBE, ki 2% 2 AN [R) ROBE R #vits e A% 3 1 s,
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AT AR IR R EE ) F B e T #eir SO s B2, 1 /N RS F BEE T #ei Ui
B e % TAERT LLAE AT T A IR RUBE B3 0 #vis SRS sh AR A, SR S B Tl
L, VMESH &N RERY, SETERASE MR —A 3 R N2 YME A, e
ENREDIAHENE,  IBAXLEAF R A+, AN R AN e X & XU
TR IR 5K 2 G SR AEHIE A € B BORVIMR IR 22, TR AWIUR 5 22 SRS R
FEMIR 22 3 BUBCR R TR 2 2 AN RBE B R 2200 6 U Tl 52 15 1) 5 e 2 o St e 2
XKLL A A NBEATRIEFE . Ak, 4T & KBBR8y 5 K, BE A [A] i) Tt
T HA MM ECR IR Z MR A KAT; MAEFARB IR, @i 5 RIS R & XS
PATHALAEAFAE R i I% 2 (Xiang et al., 2015; Camargo et al., 2019), A4 & 4 R
ST 5 REPHREA BRI TR R ZE 2 AN [F]REE 815 225068 PR 1) 52 0 IS G o] 2

BT BRI, AW LD 2021 4F 6 KA ATIN A, B8R R RI46 15 25 0K
Vi) 4% 42 B it B Pk (s e, 33 v A e () B8 A2 % e P YR W) 463 3 A e o P ) = B SRR
S AN [R) RUBE VR Z2 52 R R R IN 7] o X SEAF 78 ] DUASE iy & KU AR S 5 B () I 7] il 4%
iRtES%

2 BHRERE
2.1 FERXR

2021 F5 6 5 a KCMHE T 7 A 17 BEFRILR PRI A R, 19 H 00 B Inss Ay s 4
R, 20 H 06 WHnsE NG X, 21 H 03 ’hnss Assa M. €23 HZa, “HiE”
Frekm g mfesh, T 25 H 04 i 30 /7B LS 1035 Be vl g bl 2Rl A & K,
HL R XGE 38m/s. “HRAE TESF I AR T She BUMEAEM T 16 h f5, T 26 H 01 K 50
IITEWTL 5% D6 A T Ui F 8 bt BB AT RS, O K HE 28m/s. il
Jai s MR TE R i e AN I ARG 2 [ S R R, 51 SRR ES, K TR B AR
WAL, e —idb B2, WARMWALEE A, 30 H eimdbes st N ehig, A&
PERIR AT ANE, 12 BT IR 5 . “HHIE” BRbE4ERF 128 h, JPist EERER M 4
R KR AR, AIREZANE (D Ak 17 ORVE I il sk bk C(r2itg 45,
2022). MR b, MR B RER. RELRES IS S BB SERHIE, & 2021 A
i ik E R EH I G Mo HeAk, “HHIE” WPk O, RS RGN DL
AR LT 3 WEONIH B B R (P, 2022). (R, ANHFFTERL A
167 VENTFERT G, 25 G2 IR AR BE A2 R0 560 B Tl % 22 1) 2 R

22 /. R

AHIF TR T R 2 b R R A TR 20 WRF V3.9.1. #0355 A 3 kmX 3 km, 7K
AR 2400 X 2000, TEHJZEHCH 50 2, BAZT 50 hPa. KA MSEML T E 3R ER:
Thompson fEE 77 %6 RRTMG K (Ji) AR TR MYTIAFETT % Noah [ LT
%o HTHRADPRCEER T 3km, FTUERBFTCH TIRERS T % Af
TR PR AT ZORIEKS) WRE, 205008: (1) SEEE S B0 (NCEP) KA
AFRS (19X 1°) BJEHITER (RIFR FNL), $4i% %8 BHE{E 2] WRF Bk S E TR Y]
BEZE; () R IR AR 0 (ECMWE) KA 4 FARAER (0.25°X0.25°) 1
I FTEERL (IR ERAS), #4i% ¥R 2 WRFE #E R0k 5 B a6, 1E475% /) NCEP
FNL %8 RHRAth F 4, X% FEHIUA R ZE % WRF L & XU AR AN SR B 2 . AT 78 R
W ES GR G SR SR O BRI B XU AR BE A S SRR AR IR G R “URAE” AR A R
IRSEALEE .



2.3 RKWIT

AHFFRFT 2021 F G RIEETF KA (14 KD Eo#ER Gkm) HEUESBUEME R .
TG, B NCEP Brtrsikl (FNL) RN, 0 HHTEREAT K 40l 7 A 0k R X
(CTL_F); #RJ5, H1 ECMWF (] ERAS BERHF ORANEE,  BEATHR [ (A o AsEAth, 7
AXHEIRE (CTL E); XFEC/r#t CTL F Ml CTL _E (IAINSE 3, I 5 i mia sk T b,
W5 A AR EON L MBS RAE R A, W — S B A R E TR, BH
HHIEE 2, BT RIE M, LA 200km, 2000km 5 FR, MR 3 FRERRZE, IF
Oy RIX 3 FhR R ZE S IR EAE I b, 5 BT R TR, R E R
(AR 1R 22 5 MHAEASS A TR (RS2 R RRE 5 2 BT % )RR i 22 AR G TR

2.4 RESET B
A TAFBIAF AR B AR A FIKE R NIV R 2, A3 4 B HUE 3 k28 46
(Durran et al., 2017; Rotunno et al., 2022) , X[ #4617 2 AT 8E 70#, $2 1 200km F1 2000km
Y R KRB A3 A/ INRE . R, RN ERRZE . 4k BB 2 AR 4l 3 2 SO
M-1N-1
Fu,v) = fxy) e G
ERFL fN BRI M x N R, M. N REERRE, b x =
012,..M—1fM y=012,..,N—-1, Fuv)Enx fl,y)FHEEHZH, EhHu=
0,1,2,...,M —1f1v =0,1,2,..., N — 158 XK K/NR M x N A8 G o
YR B S N I AR SXOR
1 M-1N-1 ux vy
Fey) =2 > ) Fuw) e/t

x=0 y=0

AT T YE B HUE S AR ()T FE T Matlab HH A FFT A IFFT R4

3 BESRE T

3.1 CTL_F 5 CTL_E KXt b 4T

54, W NCEP Bkl (FNL) IRahF1 ECMWF () ERAS ¥ER[Kzh 5
PIRAUEE R . HIE 1 AT, PRIILAE BER & BTG AR . SRBERUAERT 7 K IR,
BRI, WEE 7 RUWAEREZR . EBREHH, SRR ERMEIE7, B
ERAEAS TR AR A R R A wWE (B 1a); 7681 7K, H ERAS 1ENWI4G TR %
R (CTL_E) B&LFTH FNLAE WA SR BR 4240 (CTL_F), TfEfE 7R, —#H#
LR EE AR 1) 22 B K, CTL_E BBl R AEPE FR WL AL & fiti, AR B 2T,  1hi
CTL F HESUIIMHAE AR IR AR T A R AR, DA T AR 28 s A7 L R 2R, RO 222 Sl st
Ko Mb4h, CTL_F HAULRIMHAETE 5 AR MUK Bk, BX A2 R 28 2] 7 3000km LA b, i
CTL_E BALL AL BAATE Jo BAFIILI A B 22 51, A5 & Bk AR iR 255z /T CTL_F 4%
P ERZE (B 1b). EMEETH, SN F AR &K KX#E, CTL E Al
CTL_F #R0] AR AP B0l & XSRS AR h a3, HASHULT) & XU FE IA 21 I 5 1A I 2040, 5
M —3 (E 1ed), HERATERT 7 K, A CTL_E &g CTL F AU 5 B HS o
P AT (A9~ TR <R AN S R B R XD o o i o B RGN, FR T I SBEAUL ) 5 XU
R AR R T E LR FE T iy, BRSAIRTEA,  R] ahb S R~ T A0 b W0 o B 2RV T2
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111 5 KRG AE = DY R TR g/ 2 5 SO i b T, AEREADL AR i P = R B A U 0 5
X AT g KON BELR & RUPE Jm 39 160 v s 2 8% sl i i e rh ARk Dy il e, AR R AR A A
REFEAL VB e T BUXE ARG R, 1IN B JEAE N B 2 T AR s ot 1c A 1d W]
W, BT 5K CTL_E (5 LN 17T CTL_F BB, 17 5 RZJG —FHHIBASCRE S . 45
R AR ORISR AT W, CTL_B IBHERYF T CTL_F, PIMIREENT TR L CTL_E
MBS EAE, BL CTL_F NAWIRIRZER Tk, Xt —FYIaaa i 2 Emid s o, &
AR RUBE TG 1% 22 X0 R 14 B A A 8 B2 T4 FK 52

60°N 4000
(a) (5)
50°N
3000
5
40°N - =
e
£ 2000
30°N %‘é
-
1000
20°N
—— Best Track
10°N T T T T 0 T T T T T T
110°E 120°E 130°E 140°E 150°E 160°E 1700 1900 2100 2300 2500 2700 2900 3100 —— CTL_E
1020 60
() d) —— CTL_F
1000 50
© —_
980 2 40 4
] £
o »
2 =
UE’J 960 Z 30 1
940 20
920 1 T 1 1 1 1 10 1 1 T 1 T 1 1
1700 1900 2100 2300 2500 2700 2900 3100 1700 1900 2100 2300 2500 2700 2900 3100

BT 2021 4= 65 MURAE 14 K FOBLIIATSEIL ) i A2 A S BEX LR GEEARINTTR) 17 H 00 B () B (FRZk: M
M 52 CTL_F MBEMEER; 214 CTL_E ML R); (b)kitirE (BEZk: CTL_F Myix%E; 22
CTL_E IiR7): (c) S/ME P UE(EEZ: WI: #2k: CTL F BHIAR,: 44k CTL_E ML R);
(K RGE (B L W WE: CTL_F RIBIEAER; 4. CTL_E REHIEER)

Fig.1 Comparison of track and intensity between Best Track archives and model simulation for 14 days (starting at
00 h on 17 July) for typhoon In-fa in 2021. (a) Track, (b) Track error, (c) Minimum sea level pressure, (d) Maximum
wind speed. Black for Best Track, blue for the model results of CTL _F, and red for that of CTL_E.

Bt CTL_F 1 CTL_E MI#IiEH L BN ZES . B 2 45 TR %) CTL_F
A CTL_E [ 500hPa =i/, PSR KNI LL R #H S B MAES N 2. HEN
W, CTL_F F1 CTL_E BAAMGEHAE N —E (K 2abde), HH, CTL F B& K OALE
# CTL_E WImZAMWES—1E, CTL_F WM& KGR, JEHETE K (B 2¢0, HHAIE
CTL_E AR —t (B 2ab), MW _#FHIZES FafblEH, CTL_F M CTL_E M F2 %
FAE G RO B R EA g A B L, X R T G X B AR LR S SR E R,
FREEWRE CTL F B & XER2H CTL E 4 XERARERT 7 REEAR T i 45 1Y JR Rl 2
—. MWRE NI FKE, CTL FAICTL ERI¥IMH G XE B A HE RO (KB 3),
MG RO, KRR FEAE T = JZ BN, AR JZ AN .. CTL_F A1 CTL_E
RARRIAEEZRNAKR, CTL E# CTL F IR EFE ., NEE EF, CTL F
KRB AE & O X I = )2 L CTL_E 9%, {HEMKJZEE CTL E fIBE, B CTL F I
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NERZETER, WHEXIR IR ER, EHRENEEREHE. Aadkt, xR
XA JZ ) e il 25 ST DA IR B Y B3 51 bt (e b HR B0, AT 4 v P A%
Fath, 4edra MRS M IFIR S IAARIZ) R, FAMEERIE% (Haurwitz B, 1935;

Wang and Heng, 2016). XFHLHIATBEFE | CTL_F W& KAEVILAEIS Z| 5 B 5 o — L8,
5 ESE RN (K 1), MAHXTEES 2, CTL_E & JXUIR O R AR R BE 5
K, G RIRAZEX AR ELE 90%LA 1, T CTL_F 1 & K CoAH X 22 S0X 3 A
80%% (& 4ab), —HNEMMT/RERRKIEEL 16% (B 40). AU, CTL_E K& R
KIRFE R R, A 5 2 WKV IRIR A Wit ) & Ok . 5T ARFFLR B, K
R B AL R HAE R AT LA & I 3 7= AR B R R s (RIEESE 2023); 72K
AR T e dE T FANBEK, R Bt 48 IR, BIRSREY, AR RF 0, 3t
sz & s . 76 20 H 00 B, o] LABY A BI7E & KETdE oy i wit 5, CTL_F
tb CTL B A% KIMKERERE (] 4ded), BEJE CTL F & R PG I 75 A HBm i
KL (Kl4g), MET CTL F, CTL _EWITE & RS PEMA B8 28 e (B 4h).
Rtk CTLF B0 & R AR LE 2 S5 I — Bt el py bk CTL_E fldk, 1fi CTL_E U 58 2 i v
[ K. X5 CTL_F il CTL_E B B AR LE J5 B ORI 22 e it 1 264
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Fig.2 (a, b) 500hPa potential height (contour lines) of CTL_F and CTL _E at the initial time, (c) Difference (shaded)
of potential height between CTL_F and CTL_E overlapped with 500hPa potential height (contour lines) of CTL E.
The bold red lines refer to 5880 geopotential meters. (d, e) Sea level pressure field (shaded, unit: hPa) of CTL F and
CTL_E with wind field (arrows, unit: m s—1), (f) Difference of sea level pressure between CTL F and CTL E
(shaded) overlapped with wind field (arrows) of CTL_E.
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Fig. 3 The temperature field (shaded, unit: degree Celsius) at (a, b) 500 hPa, (d, e) 850 hPa, (g, h) surface of (a, d,

g) CTL F and (b, e, h) CTL_E overlapped with corresponding-height wind field (arrows, unit: m s—1) at the initial
time. (c, f, i) The difference of temperature between CTL_F and CTL_E (shaded) with wind field (arrows) of CTL_E

for each height.
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Fig. 4 The relative humidity field (shaded, unit: %) at 850 hPa of (a, d) CTL_F and (b, ¢) CTL_E with wind field
(arrows, unit: m s—1) at the initial time (a, b) and 00 h 20% July (d, e). (c, f) The difference of relative humidity
between CTL_F and CTL _E (shaded) with wind field (arrows) of CTL_E for each time. (g, h) The 6h- change of
pressure (unit: hPa) at sea surface level at 00 h 21th July, for CTL F (g) and CTL_E (h), respectively.
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Fig. 5 The impacts on the simulation results of In-fa by adding initial perturbations with different scales. (a) Track,
(c) Minimum sea level pressure (unit: hPa), (¢) Maximum wind speed (unit: m s-1) of In-fa from 00 h 17 to 00 h
31% (b) Track error (unit: km), (d) Minimum sea level pressure error (unit: hPa), (f) Maximum wind speed error
(unit: m s-1) of the model results of CTL_F, CTL_E and those with different scales perturbances. The black dots in
(a) refer to the positions of In-fa at 00 h 19%, 00 h 21%, 00 h 25", 00 h 27, 00 h 29,
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Fig. 6 Energy spectrum of errors for different simulation time after adding small scale error into the initial field.

The initial time is 00 h 17™, 1d referring to 00 h 18, 2d referring to 00 h 19, and so on.
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Fig. 7 500Pha potential height field (contour lines) of (a, d, g) CTL_E and (b, e, h) those with small scale errors at
(a, b) 00 h 18™ (d, e) 00 h 26%and (g, h) 00 h 30™. (c, f, i) The difference of potential height (shaded) between
CTL_E and those with small scale errors overlapped with 500hPa potential height (contour lines) of CTL_E. The

bold red lines refer to 5880 geopotential meters.
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Fig. 9 (a) Position error, (b) Minimum sea level pressure error, and (c) Total energy of error of CTL_F (blue bar),
small scale (green bar), mesoscale (orange bar) and large scale (purple bar) with respect to the corresponding things

of CTL_E at 00 h 17,
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