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Abstract A study is made for typhoon vortices self-organization in a baroclinic environment based on eight groups of numerical
experiments with the fifth generation PSU/NCAR mesoscale numerical model MM5(V3) in this paper. The main results show
that: in Experiment 1, there are only two separated meso-scale axisymmetric vortices with a radius 500 km. and the distance
between the two separated meso-scale axisymmetric vortices is 400 km in the initial relative vorticity field. With the increase of
model integration time, the two separated meso-scale axisymmetric vortices in initial field mutually exclude each other during
the co-rotation, that is to say, the distance between the two initial axisymmetric vortices increases with the model integration
time increasing. And finally, the two initial vortices exclude each other to an extent that the distance between them is greater
than a critical distance, i. e. co-rotating critical distance, and the two vortices stop to co-rotate. In Experiment 2, there are a
small vortex with a radius 80 km between two meso-scale axisymmetric vortices in the initial field and the other initial conditions
are kept the same with Experimentl. This dynamic system contains the interactions between vortices of the same and different
scales. The two initially separated meso-scale axisymmetric vortices approach each other during their co-rotation, and self-or-
ganize into a typhoon-like/larger-scale vortex consisting of an inner core and spiral bands. This result supports both Zhou Xiuji
‘s point of view in 1994 and the research results of this kind of previous studies in a barotropic framework. Experiments 3—38
are the sensitive experiments of initial vortex parameters based on Experiments 1 and 2. Among them, the effect of different in-
itial positions of the small scale vortex on the typhoon vortex self-organization is tested in Experiments 3 and 4, and the influ-
ences of the distance and intensities of the initially axisymmetric binary meso-scale vortices are examined in Experiments 5 and
6, and 7 and 8, respectively. The results suggest that among all those initial vortex parameters, the distance between the initial
axisymmetric meso-scale vortices is the most important parameter that influences the self-organizing process of the final ty-
phoon-like vortex most. This conclusion is similar with the result of corresponding barotropical model experiments.

Key words Self-organization, Small-scale vortex, Meso-scale vortex, Typhoon vortex, Three-dimensional vortex

W OE SCHAA MMSOVS) St T 8 AR I A R E A B KR e A AL AT TR RS SRR (D
TR 1A B BIEE— 24805 80 km B /NI - B0 86 70 15 19 42 500 ke BTl X6 R 368 8 » — 30 L — I AR ELHE R

x o YRR . K B R4 0 H (40333028) F 1 i A KL 4 TH H (20060601) ,
EZ A AR EENF RS %% . E-mail :520tdg@163. com



72

Acta Meteorologica Sinica SZ%4Rk 2008,66(1)

P8 JE T =2 T B AN BB A SO XU e 2803 1 . (ORISR 2 g [k T — 2P 42 80 ke /1N ify JE L LA 4% 14 IR ik 48
1L PIAN W 4R 0 15 0 i 00 R 108 T8 — 3 L, — S AR L T . & A A SUR R T — A Y DRV i 28 0 0 2 80T 15 XU 3t 1) B R

RO . 33X 458 SCRF I 75 L+ 2 AR 4R Hh A0 B B0 At 5245 DA A7 LE JREAE 28 P Y [] S BT 5T 45

o (IR 3—8 K

TE RIS 5 18 ) 2 ik IBOA (7] 300 4 0 T 2 R e PR, L rp 38 3 A 4 D BLA/INIR AN [ 90 R 67 B X 5 XU IR e A 2
B ], K0 5 R 6 Sy A [W) 40 2 il o Ak 0L [ B X £ XU JE ) 2L R R L S 7 D 8 R B TR [ A ek i Ko R R B EE X
i e B A URAE T . B 2R WX i 8 B 4 2 R R T e KB4 I8 T ) 6 2 R e T 2 ) Y B B L G5 IE T AR S b A 5 2R 22

LI o
KEE HALLLNRTE R IR BE . & KGR BE, = 4ETR
hEESES P458.1724

1 5 5

20 g 90 AEAUH I, JR 75 B (1994 7R J B2 21
20 KRR A S 45 - A 05 8 S v ROBE ) 42
BRARE N B L ER & s R
DA AR R AE—E AT — B R ]
[EEIR SR N W2 o ST K A DR L (A =
Jil 75 BEAE (2006) 43 B 17—~ v O REE BT i B 41
LUER . Joy R EER SR, A g RO i 43
Bal#E—A y RIERIUE A g RIERA H
HLUE T — DT & KR 0ER R i
JiE . L. BB (2005) 40 T 2 R R 48 IR TiE
HAH LU ), S5 R W]y rp ROBE 8 2 Wi A B
PRI 25 5% a7 DL S i 21 g v RUBE 8 )2 YK 9 A B AE
L aCE R A g RIER A IF . s A g rh R
FEW AT . B RUBE I 2 Ui A B A FH Y 45 SR ik
17 52 M 3] R AARBE 2 R 5 WOB 5 A 5 45 M)
B 5 KEE Y i RE R B AR AR AR Y 2 AT . Luo 4§
(2006) %F v H ROEE IR B i 7 R T iE— 25 ik ¢

JH 75 4 (2006) . F B (2005) F1 Luo 4§
(2006) 42 A 4% F8 75 B (1994) 1y JEL BRI & 1% %) 25 oF
9%, XEEHFSY 5 R 75 M (1994) fif B K 2 3 R Y
B A R 1 BB B e 5 = B iy VE A Y .
XA AR 2 A 2 22 BUE R S R R =
B i 7 8 AH 24 (Chen, 2001) . PRITH 56 20 B 85 147 B 60
WHER . XS RHEAN LS. 7% A
F A (2006) B 47 1% (2005) Fl Luo %5 (2006) i F
A X B M A E S A X B R OE R R bR
R, N E R Ak ak g b, IR,
i S R R, L = B s e i
HAWsZm ., ASCH PSU/NCAR 55 5 A REE$L
5 R FHALR MMS5 (V3) L4087 T — /N i e xoF
W EHALNE W, 45 RELV], HFEAE(2006) B
W (2005) F1 Luo % (2006) 1Y & B 458 76 8 21

B AT SR AT
2 BRI R T
2.1 #\KXfs MEEE

MM5(V3) (Grell, et al. ,1995) f& 7 #b JE B fifi
M) o AR H R AR R ) R Rissh i et 2
ST 28 . A ORIz A U fE AR 25 11 (T
P58 T A0 B UL 1] e 2 08 S N DX AR XA B 43 )
J 20 km 1 60 km, A B (1948 554 101X 101 1 253
X253, EHFTME 17 4 o 2,0 BEE S 5 K
1.00,0. 99,0. 98,0. 96,0.94,0. 91,0. 88,0. 85,
0.82.,0. 77,0. 66,0. 55,0.44,0. 33,0. 22,0. 11,
0.00, #XTAEH100 hPa, FFAREIFS 120
ho BB 6 h iy — DB AE A B2y 180 s, R
i Grell Xf it 2 $4k 77 % (Grell, et al., 1995) I
Blackard fT 2 A2 H %, BT FEEHEE N
0. 0,1/ F B ] 4K A6 301 25 14 (Grell, et al. , 1995),

WIhE o ROEE B e i T Ak g (Wang, et al.,
1996)

V. (Dexp(l.0— (L)) X

m Y'm

. 0.2 (D
sm(%aJ{-Z ) r<r,

0 r>r.

VM(Vyd) - l

IV F) 16 JBE 5 46y
2. OVm)(l. 0— 0. 5r

Tm m

wo+0.2 (2)
2 1.2 ) =

0 r>r.
A r HEE R E O R R, o IR E R E S5
Vo 035 K] 1) KK 7, 30 o0 2 BV,
I

(

Yexp(1.0 — ) X
rh]

SM(raO') - Sin(

— =P (3)
Ps*Pl

o



J AR 4 RUT R AU 5 KU i 1 4L 2L BF 5

X, p AR —TEEE, po WAL, po K
BAR AL

s /N wER T X 4 (Montgomery, et al. ,
1998) , Horpr e FL 4530 40 R T Wang %8 (1996) (1)
B

Sin2(n(8;; A)) X
S}’ - Smax X Sin(£ O'TLO. 2) 87"< A (4)
2 1.2
0 or > A

FHT s G /N RTE 0 B B AE KT i BE AL O IR
WP OIERE . or=V(x—x) =y AN
NRTER E S8, SHIHE:V,=32.0 m/s,r, =
100. 0 km.r. =500 km. p.=1010 hPa. p, =100 hPa.
Cax =1.74X10 *s ' ,A=80. 0 km,

MU _E ) S 5BUE w] DL B B0 46 B 20 e RO
163 JE P9 TET R 24 SRy /N 108 T T BR 1) 39 . A SOy R
H A 02 R 33X B A RUBE b A 25 A1 K 1 v RUBE i i
5 —A~ /Nl Z A EAE R Z5 5 . =X R BAE
& BHLBIE I AR LR 45 R AR5 AKX TR B
YEF LG » AT LA | A v 20 285 3t 280 5 Joia o 1) Wk 35 28 4k
2.2 #w=XWHMBL

X JC B85 O i AR I, ORI E TR R
T AE A R B A K SRR BE (21?2 ngl, 2004) , i 3£
TR RE AU 2 IR AR B2 B 4k 2 B Duan 45 (2004)
(7 1 25 5 ARSE 1 57 3 8 B8 7 by i 3 Y- Oy AR
I AR B R L E SR AR I A T R AW R i
£ AT LISR AR W) 46 U R 5037 - 71 H 3 26 07 A K L)
R WG S th T

Ex,y.0) = Euw(xHry,0) + Eve(x,y.0) +

& (xyy,0) (5

XHL & RARWIUG SR FE S BRI I R P .
Eve RARWIE T R BEEAR W buw T & BR T I G A7 B A
[l HA e MR, ¥ i 2 (2 e & BPIIG /N iR
e (DO YE., KT MMS BRI 58 9] (H 3%
i) B AR B8 2 0L, Chuang 28 (2000) [ 30 &,
2.3 RWigIt

RIS 1 FEAHT , RIS o ROBE W i 40 2 s
ZRE T AERIIR Y b R H 2 GO B A~ R
e, B &, =0, W&l 1a H1fis A F1 B, i A #1 B iy
LA A 400 km, iy 1 RS RS A iR W)
LRI 208 P 37 FFRAT R 25 AR 8 T 2341

73

G 2 AR 1 R SEAE B 5] R RO e S
— /N AR AR T . AR b ) BR 2 Y
AR 158 8 3 3 C5) B A 2a BRI A LB R
e C LI i A R B B G B 400 kem, /)i
ie CAETFimA M B p.oELM PR L, KKz
U 1A 28 U T e 2 IR B2 17—
AR TE €, .

I 38 M BUR IR . W5 3 4 /iR
C LT AL A o IEJLFIIERS 500. 0 km AL #Y
R BN C AN [] 457 8 0 i e B 4 215 R 1) sk
Ko 15 5 6 S XU 5 P AN [R] 16 18] B 9 E A
AL . % 7 A8 S XU IR 5 A [A] Bt
R R A I e B 2L S0 i A I8 (36 D).

# 1 oy EZuot

Table 1 8 experiment schemes

iKE Va(m/s) dap(km)  dye(km)  rc(km)  A(km)
1 32.0 400. 0 500.0
2 32.0 400. 0 0.0 500.0 80.0
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Fig. 7 Radial distributions of 700 hPa azimuthal average

maximum tangential wind velocity of vortex A at each
24 h during 0—120 hours in Expl

(The origin of coordinates is the center of vortex A)
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(The origin of coordinates is the center of vortex G)
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