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Updated Experiments of Tropical Cyclone Initialization
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Abstract: Due to the lack of observational data over the tropical oceans, TC (tropical cyclone) initialization
for numerical models is one of major difficulties in TC track forecasting. Since the National Meteorological
Centre of China Meteorological Administration (NMC/CMA) put the global model T639 into operation in
2009, an effective TC initialization scheme has been used. When TC occurs at first cycle time, a bogus vor-
tex is inserted into the background fields, which is called vortex formation. In the second, third, -+, cycle
time, the evolutive vortex generated with 6 h output of global model prediction at the previous time in the
background fields is initialized by relocation (moving to observed position) and modification (adjusted to
observed intensity) techniques. It is obvious that the vortex formation at the first cycle time is so impor-
tant that it can affect the structure of TC and the forecast results of the subsequent cycle time. But the ini-
tial bogus vortex used in the first cycle time is not consistent with the dynamics and physics of the global
model. Recently, a new vortex formation scheme based on T639 global analysis-forecast cycle in NMC/
CMA has been developed successfully. Compared with the operation scheme, the initial vortex of the new

scheme is mostly formed by assimilating TC bogus data into the variational assimilation system. It is
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significant that the initial vortex structure is analyzed with constraint of variational method, not largely af-

fected by the empirical and statistical manual factors. Meanwhile, the analyzed vortex is consistent with

the dynamics and physics of the global model and also compatible with environmental flow in the bounda-

ry. To evaluate the impact of the new scheme on TC track predictions, more than 672 cases from 27 differ-

ent TCs during 2011—2012 seasons are examined. The initial study result shows that, compared with op-

erational scheme, the new scheme can generate reasonable and realistic vortex in the initial fields and pro-

duce TC track forecast more accurately. Statistical analysis shows a decrease in the average track error of

3% —15% during the 48—120 h time period.

Key words: Tropical cyclone initialization, data assimilation, T639

5 "

Hy 9 T R R A AR LI B R, B XL
U6 A T B0 4 BRI TR 555 2K 1 163 e I 477
SROE B X EEMFEAMEE, REWA REFEENT
BRI G AT A B L (HJ2 R R 52 B = R R K 1 TS
e, XL GORH A B AT AR TR IR R B B
h T REE T639 A BREE KMk 55 B % & Ko™ A
— B A B A3 AT R A B R AR D
MAT —EZEIITHE XY EE TR, %
A G5 15 e T B R T oL R e R R = A 4
AL R B 22 FE 25, 200923 2009b; JBR 2 4145, 2012) ,
HE AR (D TE G KWIE B 55— A T4 1)
ZIAET s i A — A 5% 3K 1 bogus iR iE
i Can R 35 5 5 6 XI5 Jie B 3 IR 5 55 30 7 4 1Y
TEOUR) SR G HE AT BEORHR] AL 43 B -85 2 AR 40 T4 I
FE. (2 Zad 55— TR B 10 A0 T e Ak B L 25 — A T
B 2 )75 3 (RIS — AN 200 6 h Fidi ) o A
S REENE NIRRT RS, X
KA E 5 2 AT I 20 B O8I AN DG S, 32 2 R B AE
SR 55 () Hhe 7 B R o T B R T e T E A
163 € 31 3 27 28 SR £ Rt Jié B U 1447 7 1 % R i
JE R Ll 22 5 T B B WL 0 L AR S AT
FERHF L A3 BB oy B R . (3) FE S5 B2 16
FRVR Bl P ik 2 o 5 5 R 5 5 A I 220 (R R Y
X S G R E TR G L HE A XU
To. M 2009 A ZEA L0 T639 2Bk EE B
KAGHR AN FE17 24 % 6 WV s T R AEH=-
B & TR RE ) 7 LR HE T EORAE AL W
AT AW AL S BN B A AR P R AL 20115 T IE
525 ,2013; R R 4F, 2013520145 2015 5 5K S g 45
2015) . fH 5 peRIE; JLAE K @k 5538 T 2R gt T

% B WA Ik A T 58 A1 S s Tl Hh A7 A 1) — SEROR [7]
R, R T PR AT R 0T SR R T B KU R
JIEAE 5 — A LA B 221 1) o T TP B AR ) i i T 1Y
U R B 45 52 0 B 5 SR VR Bl i 20 1 B XU e i i TS 2
T ROR 0 HAE B = A7 R WO 53R % 7 T E
BRI . AH 2 BT 55 o A ik A ZC bogus
B A T2 ZEARE G 11 10 28 9 A5 Y 57, L BRI 45
5 T639 A BRBUE AL LAY 3 ) 2 W B2 s 1 OF
AVCEE, JIf H R AT R0 gl k5 H 785
Sy Wiy vl P T 0, - HL 3ok b AN 35 7 M 23 52 e 3] )5 2296
B[] A 23 B i 22 1) o e A B T 1 SO R 3 2 )
R~ A 1

HERKEA HE YA RRAF R OT .
I [ B FR A B R O (NCEP) 78 H 4 BREUE 7
H R 48 PR I T 8 AR R S B 5 XU B L RS
T 3 — 26 Bh X375 Bkt E AR R) 1k 2R 48, AT 5 58
[F46 43 B 8 90 46 3 v i B e BRI R 48 (Kleist,
2011, HASRLT UMA)fE 2 REEB R R 5
HRAL SR T SRR T 58 dd i b i VT T U XU
POk & UL I 22 2% R [l Ak 23 A i & XU T e 245 44
[F R B2 [ R Jm) B & XA SOW k2K i R 00T
Wk T s D B XOW I % R A 7 %8 (Heming,
2009) . 2By b VF 2R E ST R WY A T AH OC Y
TR B 3 — S AR R B KUREAE /Y O 0 I BT R
(Zou et al, 2000; Xiao et al, 2006) , #& & il 2 By 22
73 /8 E RIREBERHAALER (Chen et al,2007; Wu
et al,2010) F 44 & (4 P WL W% 6 5 75 5235 A 30
“[R A Rl A B RT R OE BE B T3 A 3 h )
£ 103 JRE 1) 3R T L DT AT DA S AR B KUY B AR
5 B AR K-

FH b HATEZ TR AL T639 R BRI 5
BHAL R G K P48 S BE R 435 %) 30 km /2
AL EHZRAE 60 )2, CaBf i RiAh I



666 A

% 842 %

£ Wb e R 24540 (48 5 & XU AR 3R 5 )
MIRET . S AT R E T — BT B
It Atk 55 7 58 » BIVRKCSE T 41 B3 32 116 1) £ DXL S i
FHES B0 M 9 530 000 £ 8 1 2 DT JE 9 & AUAE
TR A o il B — 28 U R AR D 5 X O
WL Bk RS 53 R A6 22 2 43 A [ Ak s w0 46 TR
I 220 B4 3 DR A 3L T i 852 9041 P 220 ) 309 T o
37 19 e 58 J3E T R PR PR AN AL s B TR AR L
1 T639 4 BR B (E R R SL MY 3Dvar 22 7 6] 1k °F
8 ASCIE L T I H AR TT 0 BAR S B R 5 SR 5 DL
MBI & MBI a5 58 . %t 20112012 4R %
FUACK- R 27 A5 Wt 47 T B EIS% . 7 i 1
7 SAE S BB XU JE BRI A5 AL T 1T ORI RE
T3 TR 25 SR AT PR AR Y FUA R R BB T SR A
B WRE Bl 55 1 /9 7 T A5

L & KO SR &

1.1 aR&EEE

G R B I AR SCrp 42 20 1) & KU 48 IR 2 ol
Bt 3T 5 A R R F 10, 8 mo» s A R AR AR TR AL
T FPERCHE S M GERR) ~ o T4 B 2 R 4l 52 1o 48 42
B 45 B B (T = B B s BRI 26) X & K
457 B FH 5 BE AT 2 W 4 B JF 49 31— R 8 W] {5 B
B e A TS B AFE 0 5 L PO SR 1K - T
ST BB Y12 (B KA 6 3 Ho K2 A ™
A2 B R XUGHEAE 5 AR SO SR Y & RURE 70 3k 2 7 X
SRS R T S BN R L A HEA
JRUSE B Jr A i 6] B 5 15 5% 3 ¥ 4 1 i

T 56 N 4 X A B S e E B B E 5 SEBR
G R K R ARTER R IFRAX T .
2V1s
IR
FP L R R 15 mo« s & KUY ) KU BT AE P AR
CHAE AR 4l B0 03 40 o 4R L /0 & KU 7 G XUR 42
1) f RFHR J1 S50 B & R Br Ak 26 B2 A
SE . TERE B G B SE Al F L A Fujita(1952)
2656 45 AT LA RS L H il X R 45 4 1) & XU OF- THT
S ES A RL7 (Zou et al,2000) .

R, = (1+ )RW Vi, = 15 (D

20—t

PG) =P — (P —PC>[1+%(RL) } .,
Horp

(2
K PO FoR B RS & MO AR BRSO o 9 10 F-
TR A (R Pe o B A TR B3 230 A fe B 6 & K
O S ARV P TR AE, P i B A1 & R B IR 0
A BRSO ORI D
PO BE RS G X R 0 T R b f 3 S TR A R,
Ay B DRI 3 A i Y T A 1] B R A R (R BT Ak
o PLAIR, FIANARHMSETZHEN 15 m s !
D) 1) JAVRE] - A Ak T 1 A2 14 66 12 X A8 3l ) 249 3R 5 &
KA RE (o Fy 23 B J

_p _ 2R 1 (Ris\*7?
P PC_GR15[1+2(RPH,

P. =P (P.—Po/|1- [1+%<§:)2}

Hrp
G:p(giwfvm) (3)
A T A 2 2L AT DB B X RCE AR TS ETA
A A P - TR T 3 0 A B T LR 2 ko
PR AR

Fe B ok AT LDGE 5 an R i A T AR ME T H R

JE 2 P& KU 5 B 3 53 A

AH(r. P) = H(r,P) — H,(P)

R] P

= —‘J TdlnP + &J
g Jrm g

P

T.dInP

=B e rodne B[ e )
gJrom gJr,
XPAHGPYRFFRBHEEIIEZ P L EE
SRA R - RS ESETE PG A
e H MO R R - B AR E. T
BRI ARG R EE R N TERIEE ¢
RE SR B RS R COR T T A KA
fB 5 (Frank,1977) : (1) &5 XU JE (4 1% .0 7E 250 hPa
JER ik B B KAE, IF HAE 100 hPa 2K 13§ 2k
(2) & WA i B BE P fEAE 100 hPa 2R EF& I
) 3 0 B AL 2k

14 3 b 1 2 2 A0 3 BE 3 o0 A Je s AT GE L A

PR AE ALK A K 6 A 4F . A A BT AR O 2 P D B RSP 3 R 10, 8 ~17. 1 m» 5™ 1) o R KU 2 Pl J R XU 17, 2~
24,4 moe sT D) BRI MR OIRJZ H0 BRI MG 24, 5~32.6 m+ s D B KORJE PR KK 32, 7~41. 4 m» 57 1) 58 & KO JZ 50 B K1 3 WU

41.5~50.9 m « s7 1) IR G K OKZ o R ROFHHE =51 m - s,



6 ]

BRETAEAE . T639 BB & MBI i 1L 7 T+ 40 R 667

JE R 5 56 28 S 5 R RO = 19 B0 X
V) o3 A AR (g W E s D

V@) 4y = g 2HD
r or

Horp o 7 2% 183 5 XL I T2 BE BRSO R AR 19 1)
1) XU 32647 P T 1) 8 B R« XU R /N — o L
91 HEAT 3 LV U 985 XU TE) 15 XU B AT — 5 A
F8 L2 T i 6 5 2T

1.2 &R FEBHEE

TE AR 58 & K= 2 i EASE Y %) il |, A S0k
T T T 1 3 R R 3 R R A R R
235 H LI B AR Sy Rl R e . SR 1Y A (Rl
BT R B KO T HEAT R B RL G KU Sl
[0y s 762142 r 2 100,200,300,400,600 km [ 5] P&
AR BE I 46,8812 A 5 S D L H i 407
I FHLAH SR b i 5 AR A2 1) b 95 43 T SR A% )
S WU Y B R A T TR B KU TR 1 KT 2B AR R
W . T E 7 ) E BN T Hb IR L 1000,925,850,800,
700.600,500,400,300 hPa 3t 10 EXEEZE R &
IR 5B 1) 43 A1 J2 R . AL BE & XU 0 7 B 1Y
JEAB AR A D U0 g ki) — 3R oy i A T AL R 5

T REAE ORI B RHLE 23 T [ Ak B 4T BB X
103 e = 24k 45 ) JE2 BB 2 1 1 P R 4 SCOR) A 3 4 1
FERMBOTE T WP M B s A A T SR . BRI T
SRR 8 IR B o 2 AR /N T IR — o T R
YA 5 000 B 2 B0 5 % 38 28 A0 45 A 1 KU 4
o D0 AT P 7 T8 2 A R A — 5 T AR R Y
LA BN T S 00 $m BE A 53 b — 5
A7 25 A2 % s AR KU 18 10 1) XU 2 K T 75
S Y] R . 2l X RE I R AR 22
SR AN SR SR A W R R A B0 L 1E 43 B
A 14 £ JRUER WL 5 Rk 568 25 412 4 65 XL 16 T A0 9 45 4
FEAE IR S AR RN R S LR L B KU
UL 9% e, 2 344 R T 57 3 v I R T B 4 i

TE GERL 5 22 8 28 J7 T o H T8 A P 0000 ) 2
FE T HUR 515 HT 1 & KURFAE 2 SO mb 1 4 2 i A
R AL T 36 G 5 30T DR B BRI 5 4 LA A
Xof 58 v W) U o T B GG S 5 XU o LA X B A A
A 5 DRSS () 67 58 1) 1 P 180 <0 e PR U 0 5 0 L A
SCERAE T AN R L R 25, B KA 1. 6 hPa, fx
/A 0.8 hPa, FF HAK 4 2t &5 & WU H O 7 B 5 B 3
7 A8 Ak 5 10 R3O OR300 250 40 11 152 25 1 00 2 2% R

(5

I RGX — R B IR = A e E . R
N T PR UE T 4 Dy LI BB A 7 [R] P IR A 15 A
1 25 BRI AR 7 201X 4 OB B e 5 ) 2 B0
) GTRLE

2 [EMERCR B

HTFEFS L0 T639 #5214 5k % ok F 4k
AT R GE A SO FH S BT R e i 2 T R Ak O 0
2R W46 & KR IR IE L AR 5 28, IR XHZ R
I3 AT 1 B WA 6] A5 R A 36 i F R T
EAETE BB R TE 45 18 77 11 ) 32 BRI

PL 1203 5 & RIS LE (Mawar) R, % & KTl
45 %R BskE] 2012 4E 6 H 01 H 06 B (UTC, FRD7E
LR KY 500 km 756 K PERE TR F A
B TR 55 B Al B AR AR 2 8 B R S
o B (14, 9°NL 125, 5°E) 5 Hrug i F i A,
J£:998 hPa; 7 X 2F4%:180 km, %R & KW 161k
E NN R = L i R o7
FAE—AEw 53 MR e R4 (- D 3 T g oo
T SR HA 1004 hPa, L 1 g 51 52 b 22 4k 119
WL K55 998 hPa A 22 1 6 hPa, [a] i, i <k
Gy G SR B3R H F i (L 1) 5 NI J2 K35 43
Brok & (B 1b F 1e) , W T5E B i 19 8 3t A 2 AR W
B R FERAR /N . AR AR X R X A IR
JEHEAT V) I A AL BT, Fh 25 52 ) B 43 A 3 b & KUt
WE Y B 2 s B T639 X B b &
JRUR T 9 41 0 EC ] FL TR #4537 T4z A9 T A 1 o DA T g
— R B R — A 20 5 KU e Y

T

H o

N FAS SO BT 18 & XU I 9% ) 4 3 2 R, 3R
ITAR I L4 53 53 1 & KRR AE 2 880, 3 58 1 HOKOF
A28 1] 30 L 24 2 420 ke, WA 3 1 & XU U 00 545 73
A1 AR 28 WL ) Ry 27 A~ 3l 1 LR 2 W8 )
W1 CE KO A +4100 km 2B ) + 6
(200 km## P ) +8(300 km 42 )+ 8(400 km
TR 1) s SR 5 W X e O B A g — A A B TR
WA RS . 2 Bon 285 AL R 5%
WSO LI B Rk IS AR 23 A 3 TR R 8 & XL TP JE 2 U 1
. WIS Rk A O ELIE 1a FTE 2a) ., L
B LT 5 IR R E AR 48 - [ A WO PR R B R 2
J& s 3 BT & KU e Y A B B I IR L S PR gk
Pl 7 U5 B 238 8] 1998 hPa, 5 il 4 51 1Y



668 A

% 842 %

T { /
° )i 4\ o—=31010000 oL o L L PA AN
25°N{( }W oo /-

167 ‘ ‘ :
L 100900 ‘ ]
§fﬂ H 00700 . Lo
20 7\\\, -~ - 100600 : \:, N
YRR ‘

S

- . \ :
)\ (Cibosoog— N\ &
100600 | Y ‘UI‘ : \\
‘ 7 )
5 \é‘ L)
, b N /‘ o
. 100900
o ) ‘
100600 (
5 100700 N> )

140°E

140°E

( 0 Ny 785‘\\5‘(“‘\(‘ ‘ D C
[ I
15 - 5 NI ) —§j\
- ) - e\ V)
2 ‘ 4:20 2 O\ 2l
\ Y . N

p/hPa

925{" .8
1000

20 25°N

Bl 1 201246 H 1 H 06 98k Hr it Z1 03 5637 18 i€ G M IRl 46 2 /i
(W EY , (D EFEE A w4y, (OB FENAG v/,
(DU 125, 5°E 7 XI5 m

Fig. 1

Background field of (a) sea level pressure (unit: Pa), (b) sea surface wind u (unit: m« s '),

(¢) sea surface wind v (unit; m« s '), (d) vertical wind cross-section

along 125.5°E (unit; m * s~ ') at 0600 UTC 1 July 2012
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Fig.2 Same as Fig. 1, but for analysis field (after assimilation)
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(Red lines indicate the observed tracks, green and blue lines indicate the predicted tracks

from each global model run with old or new scheme)
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