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Fig. 1 : Time series of the sea-level central pressure

of Typhoon Bart (1999).
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indicate typhoon central postion every 24-hours.
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Fig. 3 : GMS-5 infrared satellite images around Bart at 0000UTC 24 September (mature stage (a)), 1200UTC
24 (dissipating stage (b)), 1500UTC 25 (weakest stage (c)), 1500UTC 26 (re-intensified stage (d)). Plus signs in
figures show central position of Bart reported in the Japan Meteorological Agency best track.
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Fig. 6 : 800-hPa model-simulated radar reflectivity (shaded) and sea-surface pressure (contoured every 5-hPa)
distributions at 1200UTC 23 September (mature stage (a)), 1200UTC 24 (dissipating stage (b)), 1200UTC 25
(weakest stage (c)), 1200UTC 26 (re-intensified stage (d)).
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Fig. 7 : 250-hPa wind isotach (shaded over 20 m/s) and wind vectors at 1200UTC 23 September (mature stage
(a)), 1200UTC 24 (dissipating stage (b)), 1200UTC 25 (weakest stage (c)), 1200UTC 26 (re-intensified stage
(d)). Plus signs in figures show surface center of simulated Bart.

00000 (00D00000)00 (10000000 00 (@) 000000
20000000000000000000000
000000000é0000000000000
00000000000000000000000 PR

0000 (6)00 8)000000000000 (f+ — )v%ﬂ*”:
000000000000000 (6000000 T

2p(n)
q—f6 +v2eM —vf.ve™
on?
92u(m) 92y (n) 92w\ 2
-2 +2
ox?  0y? ( 0xdy >

92u(™) g2p(n) 92y () 92¢p(n)
OxOn  Odx0m + Oyom Oyor

(11)

000000000 () 00oooooo (8)0



ogooog
82(1)(11—0—1)
v2(I)(n+l) ( v2ql(n+l)> —
+(f+ o

R A SR R A
82\I/(n+1) 82\1,(11—0—1) 82\1,(11—0—1) 2
42 2 )

ox? oy? Oxdy
82\I/(n+1) 82(1)(11) 82\I/(n+1) 82(1)(11) 1o
Oxon  Jxdrw Oyom  Qyom (12)

0000000000000000000v0 &0
¢0000000000000000000000
000(rO00000000000000 (11)0
v00002000000000000000 (12)
0¢00003000000000000

4.3 Piecewise PV inversion 00 0O

0000000QGPYV inversion 1000 (1) 0
0 3)0000000oooooono QGevOOd
oobe 0000 ¢,0Vv9, 000000000
gbooboooboooooboooboobooooo
0000000000000 D0OEPYV inversion O
000 (6)00 (8)00000000000 ¢, 0
oooo e,0v,00000000000000

000000 (600 (8)0000000000
gboboobOooooboobobooobooobo
gobobooooboooboooboooobooo
gboboooobd g, 0boobobooobog
ogoov,00o0oooboooon ¢, 00000
O Piecewise PV inversion (PPV inversion) O 0 O
googo

0000 (6)00 (8)000000000000
ggoobbuooooboooooboboooon
goooobooboogo

q(t) = A(t)B(t) (13)

gogbobooobod¢«gobooobooaboa
gbooobood

n=1,---,N (14)

0000 (00)00000 (0000)0ooog
00000 (13)000000000000000

000000000000 A4,0 B,0000A
0A0 A0BO BO B OOOOOOO

q'(t)=AB'(t) + BA'(t) + A'(t)B'(t) (15)

gbogbobobbooboobuoobuooaba

M=

N N
Qn:ZZBn+§ZAn+
n=1

n=1 n=1

+ (A1 + A+ + Anv_1 + AN)

X (By+By+---+By_1+By) (16)
000000000000000000 000
0000000000000000 ¢, 00000
D000D00000000000000

¢n = AB,, + BA, + A, B’
= AB, + BA, (17)
ooooo
qn = AB,, + BA,, + B, A’
= AB, + BA, (18)

gbdbobouoooogobooboboboaod
gbogboobboobbooboobooadan

X X
%:<A+§;;%>&+<B+§Z¥%>%
T 1 / o 1 /
= A+§A B, + B+§B A, (19)

gbbooboobooboooobogboo
gbooodbgbbooooboobaobobod
000000000000 (6)0 ExtelOOODO
(3) 000000000 DU0O00OUOoOoUoOooo
good

V2@, =V - (fV¥,) +
0?0, O°V, 8V, 9V,
02  Oy? Oy?  Ox?

0w, 020,
Oxdy dx0y
(20)

o

gk 0%, 020,
Gn = p[(f+V\IJ*)87T2+87r2

__<a2w*a2¢n 32¢*a2wn)

V2,

O0xOm Oxdn  OxOm dxdm
B 9%, 9%®,, 020, 9%V,
Oyom dyom ~ Oyow Oyorw

(21)



0000000 *=[ J+1/2[ Y0OOOO
0000000 (20000 (21)000000000
00000000000000000000000
0¢,00000V,0¢,00000000000
00000000000 EPV inversion 00 00
ooo
000000000000000000000

OOEPV inversionO0 OO 0OOO0O
8(I>

— 6., (m=mo;m=77)

(22)

0000¢,00000060000D0000DODOO
0 (22)0000000000000000000
000000D000vY0O 00000000000
OO0O0O0O0EPVinversion 00000000000
do0o0o0o0oO0ooooO0oO0oo0oo0o0oooog v,
0¢,0000000000000000000O
0000000000000000PPV inversion
00000000000000000000 Homo-
geneous 10O OO0 (VP =(1,1)0VP =(1,1))
goooooooooo
0000D00000D0D0000000 (20000
OO0 Ertel00000 (21) 00000 ¢, 0000
0000000000000 500000000
00 ¢, 000000
01)000000000000000000 Qd
02)00000000000000000 Qh
03)000000000000000000 Q#
04) 0000000000000 Qn
05 0000000000 Qr
0000000000000 0O0O0O0govo® OO
0000000000000 000000000
000000000000000000 (0000
500070)0000000000000000
0019990 90230 000 UTCOO 90 280 00
0OUTCO 50000000¢0¥0®00000
gooooooo

4.4 Balance Omega Equation inversion [0 [J
o0

EPVinversionOOOODOOOOO0O0OOO x ~
00000 V¥ (rotational wind) 00000000
O0000o0ooooooddykvYooooo
OO0O0O0OOOEPVinversion0O0OOO0OOO0OOO
goooooooo00o0oooogooooogo
ooooooooooooooooooooogg
ooooooooboooboy~vQooooood

goo

Oo0oooooovyoooooooo xyoooo
w O O balanace omega equation inversion (0 OO
BOMG inversion) 00000000000 (Davis
and Emanuel, 1991) 0000000000000
0 (6)0Ertel00000 (8)00000O0O0ODOO
ooooooogoo

V20, =V . (fV¥,)+
0¥ 9%, 82\1182\11,5_ 0?0 0%,
0xr? Oy? oy? 0x2 0z0y 00y
(23)
oo
aq _gKT 82<I>t 9?d _,
o [(f—FV\I/) 52 8 5 VU
B 0*v %9, 0*d 92,
Ox07m Oxdr ~ OxOm Oxdw
0*v 9% 0*d 9%V
B t L t (24)
Oyom Oyor — Oydw Qyow

000000000000000+¢000000
®, = 90/0t0V, = ¥/t 00000 ¢ OO
EPV inversion 00 00000000000000
000000000000000EPVOOOOO
000000000000000

dq _ dq  grm [, de
ac — v YVaTep [ v(clt)]

(25)

O000w=%¥0V,=Vy+V, 000070
00000000000000000000000
00000000000000000000000
00000000000000000000000
000D Kasahara (1961) 0000000000
00000000000000000 (00000
00000000000 EPV¢OO00OO0DO
0000000000D000000)0

Tdo dqs 04s
= —L ~ —L 2
R TR “ap (26)
q>qs and w<0

000 QOO000000¢ 00000070
000#0000¢00000000000000
w=dp/dt00000000 800000000
00000000000 (w<0)0OODOOODO
000000000000000000
0000000D00000000 w0000 y
00000000000 (QGOMG equation) O



o
&0 An

&0

GrADS: COLA/IGES

Fig. 8: 250-hPa Ertel’s potential vorticity distributions at 1200UTC 23 September (mature stage (a)), 1200UTC
24 (dissipating stage (b)), 1200UTC 25 (weakest stage (c)), 1200UTC 26 (re-intensified stage (d)). Plus signs in

figures show surface centeral position of simulated Bart.
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tential vorticiyt at the simulated Bart’s center during
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Fig. 11 : Contributions to 1200UTC 25 (weakest stage 3)) balanced height and wind anomalies at 900-hPa.
Height contours are 30-m, with solid indicating positive and dashed indicating negative. Shown are (a) total bal-
anced anomaly; (b) contribution from upper-level dry positive PV anomaly (Qa); (c) contribution from low-level
wet positive PV anomaly (Qun); (d) contribution from boundary layer potential temerature anomaly (Qg).
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Fig. 12 : Contributions to 1200UTC 26 (intensified stage @) balanced height and wind anomalies at 900-hPa.
Height contours are 30-m, with solid indicating positive and dashed indicating negative. Shown are (a) total bal-
anced anomaly; (b) contribution from upper-level dry positive PV anomaly (Qa); (c) contribution from low-level
wet positive PV anomaly (Qun); (d) contribution from boundary layer potential temerature anomaly (Qg).
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Fig. 13 : Contributions from negative PV anomaly Qn to 900-hPa geopotential height (solid lines) and 250-hPa
wind anomaly at 1200UTC 23 (mature stage (a)), 1200UTC 24 (dissipating stage (b)), 1200UTC 25 (weakest
stage (c)), 1200UTC 26 (re-intensified stage (d)). Shaded areas indicate 250-hPa negative PV anomaly (light
shading: —1~—3 PVU; heavy shading: <—3 PVU). Plus marks are surface centrer of simulated Bart.
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Piecewise Potential Vorticity Inversion Diagnosis

on the Rapid Decaying and Reintensification of
Typhoon Bart (1999) in the Mid-latitude Baroclinic Zone

Jun YOSHINO, Hirohiko ISHIKAWA and Hiromasa UEDA

Synopsis

A numerical simulation and a piecewise potential vorticity (PV) inversion diagnosis are conducted on

the rapid decaying and re-intensification of Typhoon Bart (1999) over the western North Pacific Ocean.

Typhoon Bart forms a negative PV anomaly associated with an outflowing cloud sheild to the north of

the center during its deformation stage. The upper-level negative PV anomaly causes a rapid decaying

of Bart. After its decaying, a positive PV anomaly associated with an upper-level dry trough is vertically

coupling with the low-level typhoon remnant, resulting in its unexpected re-intensification. The negative

PV anomaly, which has caused the cyclolysis of Bart, plays an important role in developing a jet streak

at the upper troposphere and a forced unbalance vertical ascent in the remnant.
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