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Administration (CMA-TRAMS) and European Centre for Medium-Range Weather Forecasts
(ECMWEF), the forecast differences of tropical cyclone (TC) formation for the No. 3 Typhoon
"Chaba" in 2022 are compared and analyzedand the. The reasons of the successful genesis
prediction of CMA-TRAMS for Typhoon "Chaba" are investigated from different aspects such as
the development environment of tropical cyclone (TC) embryos, physical processes within TC
embryos, embryo structure and the corresponding development. The results indicate that
numerical models are required to have good descriptive ability in the above aspects to perform
well in TC generation forecast. This study is beneficial for us to understand the main physical
processes and factors closely related to TC generation prediction in numerical models, and it
would provide clues for the follow-up model development and improvement. The results indicate
that the significant difference in the cyclonic circulation pattern of the monsoon trough in the
western Philippines between the 72-120 h forecasts is the direct cause of the difference in TC
generation forecasts between the two models. CMA-TRAMS predicts the generation, development,
and merging of multiple mesoscale convective systems (MCSs) or mesoscale convective vortices
(MCVs) in a positive vorticity environment between 96-120 h, and the organization of circulation
to form warm core structures, which is important in its successful prediction of the formation of
"Chaba". The accuracy of wind field forecasting in the western monsoon trough of the Philippines
may have a significant impact on the prediction of TC formation in the South China Sea. The
continuous convergence and merging of MCSs and MCVs, and the organization of cyclone
circulation are important physical processes for TC formation. The results of this study have
deepened our understanding of the main physical processes involved in TC formation, enhanced
our knowledge of the influencing factors of numerical model prediction for TC formation, and
provided clues for improving model forecasts.

Key words Tropical regional atmospheric model system of China Meteorological Administration
(CMA-TRAMS); Typhoon Chaba; numerical weather prediction; TC genesis
forecast

1. 5l

AR R UIE) R EmFRIE Y R F IR —, HAEBERAE R B ™ m A
RAEATIM =122 4 (REEE AT —JL, 1979; 3Kk 4%, 2024) . HRfR & XUIES) A A,
P & KIHRKSE, RBRR AT 5 I8 VIR o & R A BHHR AT B 6 98 9 S A
K TS G faT ], R 2 6

& R A R 2 REES) /35 A1) 2 R AR TR PRI 2, &5 Pl i A0 KU BR 36 he #4
HPRBhE 5 LU IRl e o & X, CGRRIRZLANFREEE, 2008; Tang et al., 2020) . Gray (1998)
Fe 6 WA BRI BE 26 ARG A & S AT IR ), & B AR R IR X, 591K 7K P XU 5
HYIAE, WBERUT 60 m IRIKIEE 26 CLLE, FRIFMIZAEA T E KA UL X E
R BT IEE IS, & RAERIE R EINBIA AR, REEFEE: &
R ENIRG . e, AelriR S SRS RIS, 2008; sKICEAE
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WM, 2013) o MHFRANIETE S BB T AT 528 il B B O A5 M IR R 2, Bl
JRCAE G i B TR . R KA R BEL R R A A R SR AN AR E WL
CISK( conditional instability of second kind, Charney and Eliassen, 1964 )F1X\3K
B g R R S # LA WISHE (wind-induced surface heat exchange , Emanuel,
1986, 2003) o CISK ALl o 5 B P ) e b5t A A AR K RBEFMR AR (8], SR IFAR 2500 4
)73 1) 2H 434K WISHE AL b S B S 4 U R A FE AL S5 i PR R T o ), SRR i
SN IE R #WFA (Bmanuel, 1986; Craig and Gray, 1996; KBS, 2009)
N, CISK M AREE IR 45 KA & WA S EE 26, WISHE AL bt CTSK L 56 =
B WAL, SRS (2009) FTULMNAE 7T 5 H 1E AN E & 2= XU v & XUAE i) L
1T+ CISK F1 WISHE HLiI#S LA — 7€ B BE ) 4R i i L SLON AT IR (GRIRZLMERAR S, 2008;
SKICREE, 2009) , BRI SEE TR & UK R F, T Bty S ] i e e A8y — 5 B BE FU )
SRR E, A2 AR R LR (1) . B T AA R IR AL, X 6 IRVAE BB BRI R I B B
X i T (Emanuel, 2003;5K 4%, 2008a, 2008b) , KA b Bl XN RGN —
AN A 238 B IR RE R A KRB — AN AR A RO e T (IR RO i
TR ORI 53 A AT (B AU EAR B BRI I BO FIA S ) (RIS R e
NI RREBT B (Zehr, 1992; FKICRANEIMS, 2013) o MERLAMAMIMBTTE, I REERHR
% 4t (Mesoscale Convective System, fij #& MCS) B 1 R JE %t i 2 & 4K (Mesoscale
Convective Complex, fa#% MCC) #h A& & MARK “HIJE” B ¥ (Ritchie and
Holland, 1999) , W2 REFiRiE (Mesoscale Convective Vortex, faifk MCV) & X/E
B “BERG”  (Harr et al., 1998;Chanh and Zhang, 2008) . Bartels and Maddox (1991)
Fa MOV — =B 1E “BEXAHR RS (Parent MCS) JRESIH TG, FF&li “8 iR
(secondary convection) MIEAKE. Trier et al. (2000) 5 H MCV [ —A™H EHHE
SR UL R AR R . AR MOV B S KA R, AR EERE T
“Top~Down” (Bister et al., 1997) H ki N &K EIIFEF“Bot tom—Up” (Zhang and Bao, 1996)
B R bR SRR AR RS, (239K PREDICT (Pre-Depression Investigation of
Cloud-Systems in the Tropics) . GRIP (Genesis and Rapid Intensification Process)
SRR FITIESE . Ih4h, Dunkerton et al. (2009) 3 F 2 REEM EAE AR T “pouch (F
JUEE Mt - BE A b RUBE AL 3R G A7 7E /N B BRI AR I 2 AT B #4% 7IR) 30, Hendr i cks

et al. (2004), Montgomery et al. (2006), 5K %% (2008a) BT HEAIIRIGHHTT T “



P& AERVGFERE BRI & KAE R I, 40ifk 1 Hh 2 MOV Sz & XUAE i P PR U
{H H A6 TP ¥ 1 AR B S8 1 8 2 I B A >
B2 & L BURIE T A NS5 A B2 H AT L AR Ao & A L] sz, an o e &
RIESHHIAE L SRR R R (ERFENTER, 2006; ZFMESE, 2007; HMIFEMEIL
T, 2015) , EEEE G NAERKSEEM (Gray, 1998; 2562, 1983) , FEE e kiE
HonL Y ) 2= PR DL AE & XA BRHL I (Gray, 1975; 2 &5 &%, 20105 Wang and
Murakami, 2020) o {23 TAMIN . ZARBUR IR R FAEAT G AR5 TR AS
REWE 2 & KU BRHREZ H PR 1 75 5K
1 T2 M B AR AR RO R 2tk T R TR B B AS IB  75 3% TR BEAR K
FEFHUE I T & R R o AT B BB T ENLBOR M3, BB a gl
FUHRATIHR, R & KRBT 55 (B 2508 (305, 20165 BRUTHSE, 2024) , A%
FHE G RITRE T R EBUE B ITAE TAE (F/NE%%, 2019: Z=FHESF, 2020 4%
ISR, 2021) , & KHEARTIARIAS 1 BOEERE , (H 5 B FRRAM A2 B R AT 2R 2 U1 Tid
MR EZEHR L O %5, 2005; FKERZLRIZRESS, 2008; FH/N&%E, 2019; FR#AIE%,
2021) . Pasch et al. (2006) FlHalperin et al. (2016,2020) XJELsp#7 T GFS. UKMET
S IR N R VEVE . ZRAC A PR AU B AE TR . Wang et al. (2009) K& T K
V0 W XA RS I FR ™ it o 53058 (2016) B TIRE R (IRE RS- H T 22 &3]
(B & A B TR 759255 B T BCMWE AT e iz H T ik, 45 SR AR W T R0 S5 25 Mt
TR Li et al. (2024) HRHE 2020 4F 5 ECMWE 1 CMA-TRAMS 45 2l 4% T4k $cdie
XS PE AT AT K 6 RAE BTN APEAS , TA Dy CMA-TRAMS 7£ K 2 #06 XA ik _B3&
P E BCMWE R AR PR RE, H W AR BT X0 BB Fihe 45 ROT e SR R AL 92t — 2 by, &
JRAE B B () i R A e R S T A
PRI X & XS SIS, A idm (BRI LT, 2009) o EEEALAHIG 2R
MU, P ER. NOARZ, MilFa KENEs N RAEA EEZP. BT i
MU T HLE AR KRS, PRI r it & R PR, A2 5 28 P AR Rt (] )t T RE S RG, i 2024
%2 56 MMALIKST F 5 A 31 H 14 i (B, FICUARIEH S0ED LS, 6 A 1
HER 1 I A BUER AR BV o XX SR A e R & X, A RAS RESR AT TR L AR B, 5
317 5 kR AR AR KBS o H T g i BEIA BRI, MR R U A B R G5 oA i
BARAR (FFEE, 20100 , milga KA RA RN GRICEMERRS, 2013) .



DRI AT 0 A of S Y 1Y B A 65 A8, T TR BB A KR B TR BRI N A, RS A
51 TR B UIAR G I R A B R AR AL, DASY BEA VR T R s SR (4 R . AR
HHL 2203 ‘5 &R CIBE” ABIINEAHT .
2. BUERFITSE
2.1 FBAMNRR
CMA-TRAMS (China meteorological administration tropical regional atmospheric
model system) R WAL (BRFIE5E, 2020; #RIEAS, 2019) Jj&F:T GRAPES
(Global/Regional assimilation and prediction model) XISzt (BRARERITE 22N,
2006) KR AEF 714 A FE MRS IR B SR e e o A A D A e DD AR 3 O
Arakawa-C A& Al Charney-Philips H HM 2 E, HHASR YR LB AR, KA
NSAS =B R (fRIEHESE, 2015) . WSM6 IS HAL R MRF AR EHE.
SLAB Fili i i A2 7 %€ . SWRAD 5 4 54 7 58 A K RRTMG KA At 7 € o A5Saqlids SR F
5t 120 AR AR AL T
CMA-TRAMS R £ WU 078 26 Y6 A 81.6° E-160.89° E,  0.8° N =50. 57° N, 43##
KN km, WEITHN 65 ZE, FRIEFH 00 Al 12 BHHREHEARK 7 RIGHHRS 5.
2.2 ECMWF #23

ECMWE (European Center for Mediumrange Weather Forecasts) HEZERRIH L0 KA
o HEER I, TSP 7 1R A s A, X A BR oA 3, BT T RN
KRR H . SRHRE TIRE . REMFEXSR (Bechtold et al., 2008 ; Bechtold
etal., 2014 ) AR = XHRTT 55 A& 75N /KW BAH G T30l 48 B (Forbes and Tompkins, 2011)
HI=SH TR, PodifE SAL R RRTM 77 % (Tacono et al., 2008) A1 TESSEL Fifith 2%
R ITE (Balsamo et al., 2009 ) .

ECMWF JyaBRIE, #8208 10 km, RS 00, 06, 12 H1 18 WK 10
NIV &S TG

2. 38R

KR EAR RIS LG AIRSCTR, LA EAE R I PIAE . SRS . i
b, IR T R R CMA-TRAMS FHRR I OB ECMWE (¥ 145 i Bt it 47 04, 7K
SEAMHEER 45909 0.09° X0.09° 0. 1° X0.1° , TE 7N 17 EFRHESS T .

2.4 “IBE (2022) " #R
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R AT R A AR T B (B 1a) , BT 115.3 °E, 16.2 °N, E
BRI RS, F7 H 2 H 15 MG RRIET KA AW R, Bk
DRI 35 K/Fp (12 %, Hb&ARRUE 965 FilH. ShiE “EE” 4KEm b firh
TR, SmERIRTS, 2 H 22 B RANBNT T EMRE R M wIC #E), 4 H
08 WFAES FEHARIRTT AL . B RIT 20 FRER) RIRREE <L ).
3. BENX “EBE” £aTIRERT

P & KU OMA-TRAMS 7£ 6 H 24 [ 12 BH&AT 132 /N (5.5 KD #EF TR & X “i&
B FEREER A R (B 1), AR S R AR IR, (R TR R O (ECMWE) A BRAR
XARTIREG KR (B 1) , EE (NOAA/NCEP) ABRIECE TR & RAER, {54 Rl 5 BA
SRR AL (g .

XTECAHIEISS 0 (6 24 H 10 ) R, £ R B (K 2a) milE EEEA I T
LR KK IR R €, B/ D R 2 (1 1 £, e B e i g X B S EEA T = 4 1 (K
2b) b, EEHERIR S 0t N e I IR R, SR R M X O NS A, I R G
Kz RN RAEX L PRI GR, raiEca & BRI S . 25 B, AL T00
ERh, BUERL OUH OMA-TRAMS) 7E & XA Tk 7 TH A ERTE 7. BAR I BL CMA-TRAMS
A1 ECMWE Ao, o0 =3 “iE 7 ATk Z 7R IR, JFER 1 CMA-TRAMS A5 X fi &
A B P AL o
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K1 202246 H 30 H 00 I (a) #EFIHASESLBAHTIZ. (b CMA-TRAMS F1 (c) ECMWF24 H 12
IS SR RIS T U TR (BRAL: hPa)
Figure 1 (a)Analysis and prediction of Sea level pressure (SLP) at 0000 UTC 30", June 2022
by (b) CMA-TRAMS and (c) ECMWF model initiated at 1200 UTC 24", June 2022
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Figure 2 Satellite (a) visible light cloud image and (b) infrared cloud image at 1000 UTC 24",

June 2022 (The pentagram represents the location of TC formation.)
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K3 (a,b,c)CMA-TRAMS F1(d, e, f) ECMWF # T4k (a, d) 108 /MEF. (b, e) 114 /M. (c, £) 132 7]
B ¥y 850 hPa {34 &=/ (Hf7: dagpm)

Figure 3 The 850 hPa geopotential height at (a, d)108 h. (b,e)114 h. (c, f)132 h predicted by

(a, b, c)CMA-TRAMS and (d, e, f) ECMWF. (Unit: dagpm)

Sy AT PR TR 925 hPa AHXHIRJE (K& HIHA (B 4) o IR R X AR
FAR—3 (|8 4al, 4a2) , 24 h CMA-TRAMS 7EJEER SR ML MU 2 iR/ Ht3h, 12° N LU
SRR AL IS BRI, I AR R AR N0 & (&1 4b1) , ECMWE R BE4RE)
HLEESS, RIATEFEH R ML B I 7 AU, B RALAESS. VIAERsg (B 4b2) .
48 h CMA-TRAMS Fiifh 2 MmN ZAEMA FELAVE, Hh 15° N o 13° N AT 11° N fJ4L3D
3 AR REERNAR R S8 MCS A, B A CO MG5RETHI, B & KA ATIR R 5, & KR H
11° N BRIZHHEED MCS C REAEM, 13° N LR IEAER AR M (123° B BIE) HARIEREE A
TR KRR, Ahe AR (B 4cl) o 48 h ECMWF 7ESEMEPEM] 15° N . 13° N
AL1° NGRS (MCS A, B A1 C) Bt CMA-TRAMS 55, H§%5] 11° N TR ERS) C B 4m5s,
13° N PARgFSEREE AR MR 2 AR AL IR, D178 H CMA-TRAMS B S 4 55 (8] 4¢2). 72 h CMA-TRAMS
TR AR PG IR BE SR B 4k S K JE , MCS C IR o SRR R, JLHHE n 24 Mes
ANRED, HPEM (118° E LAPE) NJir LB 2 AR A G, 12° N BARS. 121° E LA
R AL X S g X T U S 3L, AT MCS C PHEEN (& 4d1) o BEIF ECMWE
ACOA FE AR ES, 11° N ML IR B . (HEE CMA-TRAMS Fifh B E.4%55, M
FAR 5 CMA-TRAMS AHML, {HER 12° N, 121° E BHERFEAMARIR, K350 R A0k EE A
AR, RILRIA AR (B 4d2) . 96 h OMA-TRAMS Tl MCS C 4k . Jum K,
W& PR, RO Ui A PR RS, KGR R s, DIAR I, P BV LTS fh b A
TR PE R NS IR E EiREE B3 (B 4el) o 96 h ECMWF 7 122° E i E P shiy
58, RIHVIZRIARAL T HIEM 119° E Ffix, (ERGEEDN. YIRS, HARIE G MR
(K 4e2) o CMA=TRAMS Fifi 120 h MCS C fizZ MO I AR, fERMMRG]SR
NEPEIERS), AT 1177 B 14° N, BB RAEGE, e O S AR T O S A R
H, WAL, FOERZEMR, KR, VR a —sRiifEho (B 4rD o g
ECMWF 76 15° N Bt SR sebin iR A M, 76 118° E L. 15-19° N MITE KK



FIAIE IR, FEE R X R A, R SR A FE A 2 Y R bR, 2K (&
Ar2) . HREREZE HEATIRKEE, 96-120 h 24 CMA-TRAMS 5 R J& A4 it iyl =)
Hui EEHR BN C R al, S B Uil DR ARRC &, 30 0 ¢ SYIRIR O E S,
JEsRRE RS (B XD o HEL Bt a B 2], CMA-TRAMS F1 ECMWF #4632 4
—3, ZEERRETHRGEEPZG M, JFEINEE . EONF Bk & KA L) R
GV EAmSS, 72 h KRR 12° N DULFEE R IE R AR R, IR SS: A AR 4>
BHUN, IRERBI G C 4ERFE 120° E MHE: BBl C AR DI MK, 4
HBRAG EAURRIA AL T, Peahtoe C RevEH S AU VR RIC & h s IR < iE
KUIBFFACR, Peahbo ¢ FUdbirim 13.5° N HHERRE TSI D B nse, (HREFERAED
VBRI E R
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K 4 (al-f1)CMA-TRAMS #1(a2-£2) ECMWF 5T 925 hPa AR (3HfR, Bfi: 107 s7) ARG R
M) (al-a2)0 h. (b1-b2)24 h. (c1-c2)48 h. (d1-d2)72 h. (el-e2)96 h Fl(f1-f2) 120 h

Figure 4 The 925 hPa relative vorticity (shaded, Unit: 10” s ) and wind at (al-a2)0 h.
(b1-b2)24 h. (cl1-c2)48 h. (d1-d2)72h. (el-e2)96 h and (f1-2) 120 h predicted by (al-f1) CMA-TRAMS

and (a2-12)ECMWE.

SREUAS [ R A A PR I 5 R X 3 (116-122° E, 10-16° N) ¥R . EEHK
Y125 (200 F1 850 hPa 2 [Alf R YIAE) « 500 hPa FIXHEEE A 925 hPa AHXH IR ) X 187
B (B 5) , A% 168 h HUHR N PG KA RIX BRI 29° C, JE &R
B R AR, HARBUEE 1 HARLRRE, 72 h e AR Y 2 0 R E &S, ECMWF
P 2, A 72-90 h IR 5 T CMA-TRAMS, #7484 120 h JEHFR MK T CMA-TRAMS (/& 5a) .
b4k, 48-102 h FRETE & AR BUIX IR 3 BX DB FFE8 /N, 54 hy 84 h KUHIE H P)AE
HRNEL) 9 m/sy 3 m/s (B 5b) o 36 hJi, BBLIlAZE (500 hPa) HIXHERE &2 1
i, CMA-TRAMS 7E 96-132 h AHX IR 4EFFTE 85%LA I (& 5¢) , ECMWF 7 96-114 h AHXHIE
FERARGERE 80%, 120 h J54EHF/E 85-95%. PRI A0 A& KA K IX IKK/Z (925 hPa)
xR (B 5d) 1E 48 h A A MR NIEME, )5 IEREEFFEEIG R, HE) CMA-TRAMS i
A IE T B 235 KT ECMWE, 2545 2, 108 h J5 CMA-TRAMS fI0JZ K 5 HAR K
OB G, B ATE K AR B & RE AR T R4 fF. BB EArdral 1L, 48
b i A A T 0 2 B XTI AR o WX 3 AR S 3 P35 35 ) A ) - 5 IRV ) 2% A 42, 48-96
h JY]15] CMA-TRAMS Tk () rh R IR E IR T B2 MR A1 A S A1 EE ECMWE BB A, it 5 &1
4 1 48-96 h MCS C K &2 S KA R o
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Figure 6 The geopotential height (conoured, Unit: dagpm) and wind at 850 hPa at 72 h predicted

by (a) CMA-TRAMS and (b) ECMWF.
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Figure 7 The longtude—pressure cross sections of relative vorticity (shaded, Unit: 107 s™)

and divergence (contoured, Unit: 107 s™) at (a)72 h. (b)84 h. (c)96 h. (d)102 h. (e)108 h and

(£)120 h predicted by CMA-TRAMS.
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Figure 8 The longtude—pressure cross sections of relative vorticity (shaded, Unit: 107 s™)
and divergence (contoured, Unit: 107 s™) at (a)96 h. (b)102 h. (c¢)120 h. (d)132 h. (e)144 h and

(f)168 h predicted by ECMWF.
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Figure 9 The vertical wind shear in the low layer (contoured; m s') and wind bar in 925 hPa
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Figure 10 The divergence (shaded; 10° s™) and wind bar in central region in 925 hPa at (a)

114 h. (b)126 h. (c)150 h and (d) 168 h predicted by (a, b) CMA-TRAMS and (c, d) ECMWF, respectively.
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Figure 11 The longtude—pressure cross sections of relative humidity (contoured, unit: %) and

temperature anomaly (shaded, Unit: K) at embryo center according the surrounding environment at

(a,b)102 h, (c,d) 108 h and (e, £)132 h by (a, c, e) CMA-TRAMS and (b, d, f) ECMWE.
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Figure 12 The latitude—pressure cross sections of vertical velocity (contoured, unit: ms)
and temperature anomaly (shaded, Unit: K) at embryo center according the surrounding environment

at (a)102 h and (d)108 h by CMA-TRAMS.
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& 13 CMA-TRAMS RSz TidR 81-114 h 700 hPa JiIHFIIREE (€A 10°s)

Figure 13 The streamline fields at 700 hPa and relative vorticity (shaded, Unit: 107 s™)

from 81 h to 114 h predicted by CMA-TRAMS.
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Figure 14 The vertical velocity (shaded, =0.6ms™) and streamline fields at (a)850 hPa,

(b) 600 hPa and (c)300 hPa at 84 h predicted by CMA-TRAMS.
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Figure 15 The pressure-latitude cross section of (a) equivalent potential temperature (unit:

K) , (b) vertical velocity (contour lines, unit: ms”) and temperature anomaly (unit: K) relative

to the environment predicted by CMA-TRAMS at 120 h for heat tower
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Figure 16 Conceptual graph of generation of tropical cyclone.
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