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ooboooboobooo,oboo,0o000o000
0000000000, Klein et al. (2000) 00O
gboooooo,boboooooobooobo,ooo
gob2000b0obooono. ooooood
00 (transformation stage) D00, 000000
gobooooboooobooooboboooboboooo
go,dbobogobobgooobooboooob, od
gboocobooboooobo,b0bobobocoooobooo
goobooboobobogoobo. obobooboo
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0000000000, 000000 (Sekioka,
1956), 00 0000000000000 OOOO



00000 (Foley and Hanstrum, 1994; Sinclair,
1993a, 1993b), 000, 000000000000
00 (Palmén, 1958; Kornegay and Vincent, 1976;
DiMego and Bosart, 1982a, 1982b; Bosart and
Lackmann, 1995) 0, 0000000000 OO.
Joooooo,0000ooboooooooo
ooo,0o0oo0o0oooooboobooog. ooo
oo, dboboboooooooouoooboobog,
0000000000000 00000 (Sekioka,
1956; Matano and Sekioka, 1971a, b; Brand and
Guard, 1979 0). O00O0O0O,000000000
goooodooooooooooo,booood
00000000o00oooooo. 00, Tropical
Storm Agnes (1972) 000 O (DiMego and Bosart,
1982a, 1982b; Bosart and Dean, 1991) O, Hur-
ricane David (1979) D0 00O (Bosart and Lack-
mann, 1995) 00000000, 00000000
ooooooodbooooooooboooboooo.
Tropical Storm Agnes0, 00000000000
godoooo, oo, 0bodobouoooogd
O000000000. Dimego and Bosart (1982a)
O, Agnes O, Petterssen and Smbeye (1971) O O
000000 TypeBOOODOOODOOODOO
O00D000000. Petterssen Type BODO, OO
0oo0ooooooboobooobooobooon
Jooooooooooooooooooooo.
0000 AgnesD, 0 000000O0O0OOOOO
O00000. OO0, Hurricane Davidd, 00000
gooooooooooo,odo,oogoood
000000000000 00 (Bosart and Lack-
mann, 1995). 00000, +70hPa/36 00O, O
00000, -13hPa/240 00000000000
O. DavidOODOOOOO, AgnesOO0OO0OOO
gobodoooooooooooo. boood
0oo0oooooobooboooobooooon
doo00oodo. Oo0,bavid0DOODOOOO
0000o00U00oo0o0ooOo,000oo (oo
O000O00)0000oooo. baviddooOoOO
O000D0000000000ooO0O (tropopause
lifting) 0, 0000000000000, 0000
goobooooooobooboobobobooooood
OO00O00O. O0O0O0DOO0OO000, Hurricane Floyd
(1987) 00000, 00000000000000
00000000 (Hoskins and Berrisford, 1988).
Molinari et al. (1995, 1998) 0, 000000, O
goboooooooooboobobobooooooa
gooooooog.

1.3 0000000000000

Bosart and Lackmann (1995) O, OO (poten-
tial vorticity) D00 00O 00O (Hoskins et al.,
1985) 0 0 00000, Hurricane David 00 0 O
OooooDooo0o. oooooooooooono
oo, ddooooboboooooboobooooa
(000000 O0O0OOUO)LbooUUUUOOOo
oo, Dooooooobooobooooooogao
Oo0ooooooooo,boDoo0ooooooon
goobdobobobobouooooooo. g
oo, 00ooodoo,bo0ooooooogao
oo000 (DOoUo)oooooo. ooo, o
gobodooooooooobooooooooa
O. 0O0,00000D0,000000000000
0000000 (Wu and Emanuel, 1993; Shapiro
and Franklin, 1995; Wu and Kurihara, 1996). O
O0,000000000D000D000000, 0
godoooooboooo,obogoo,ooga
0o0o0ooooooooooooooooo. oo
O, godooudoboooobogoooooo, g
oo0oooooooooooo,oooooooon
gooodo. dooobooooooog,oa
goboodoooooooooboooooooa
0000000 (Hoskins et al., 1985). 0000
gooooooo, o0ooooooooooo.
O0,00000000000000oDoo0oon
gogoooooooooboooboboooooooaa
O (Thorpe and Clough, 1991; Davis and Emanuel,
1991; Stoelinga, 1996).

Hoskins et al. (1985) O Davis and Emanuel
(1991) 0000000, 000000000, 00
000000ooooooUuoooooOo (oo
0)0000U00o00oUoOooUooooooooo
goo. doooooooooboooooood
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oo, ggboobuooooobobobooooa
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gooooooooooooooo. obog,od
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Kurihara, 1996; Flatau et al., 1994). OO, OO
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1.4000000000000
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O00000000000000000 (Bosart et
al., 2000; Thorncroft and Jones, 2000; Harr and
Elsberry, 2000; Harr et al., 2000). Bosart et al.
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oooooooooooboo,GOES80OOono
gobooooboobobooooo. ooobob,
0ooooD Opald,000D0OODOOOOOOO
godbobbooboboobobooboobooo
oooobobooo. Dobobooobobooo
gbodgbooobooogo,oboobobooboon
000000000000, 00, Emanuel (1995)
oooobooob,0booboboobooboboonog
0000000000000 (maximum potential
intensity) 00000000000 OOOOOOO,
gooobobbbooooobbbbooo,ooboo
oooobooooboboobooobbooo. obog
000 (good trough) JO0OOOOO (bad trough)
go,0obo,g0o0oooooooobooobbo
0000,000 (good) JODOOO, 00 (bad)
goooooooboooooo,oo,booooon
OO00O0oO0o0oO0ooOooO0OdO. Hurricane Di-
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(Bosart and Lackmann, 1995) O, Hurricane Elena
(Velden, 1987; Molinari et al., 1995, 1998) 0 O O
gooobobobbooooo,bbbooogoobob
goo,0o0o0b0o0obooboboobooboobooog
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Thorncroft and Jones (2000) 00, 0000000
O0000000000000000 (Thornceroft et
al.,,1993)0,0000000000000000O0
O0000000. 00, Hurricane Felix (1995) O
Hurricane Iris (1995) 0000000000000
oooo0o0oobooobooooobog. Iisd,
goboobooobboobuoobbooboon
00 (00ooo0oooOoOooooooo)ooog,

0000, FelixO,0000000000000O00O
000000000 (0OoOoooOoooooooo
O000)0000. Thorneroft et al. (1993) 00O O
o,00ocboobobobooocbooboooo, oo
go20000000b00. boobboobooo
gboocooobooooboo,oboooooboon
o000 (LCc20)0000,000000O00OO
O00,0000000000000000 (LC10O)
OOoO0o0. IisO LC20000, FelixO LC1 O
gobboobobooubo. booobooo
O0,LC200 IisODOOODOO. OO,LC10O0O
FelixOOODODOOODDODOOODODOOOOOOOO
000000000, Harr and Elsberry (2000) O
0,000000000 Typhoon David (1997) O
Typhoon Opal (1997) 0000000000, 00
0000 (frontogenesis function) 0000 O (Pet-
terssen, 1956) D00 O0O0. 000000000
goooo,0obo0oboooboobooboooboon
oo0ooOoooooO0. oOooboOod David O,
gobbooboboouoboobooboboon
oooOoOOoO0oDbO,000000b0onb0g Opal
g, 0dddgooooooog,oboobo
gobooooooodg. booobooooboooo
goooo,booooouobbbbuoooooo
Ooo000oo0OoboobooooOo. 0O, Harr et
al. (2000)00, 00000000, Eliassen—Palm
(EP)000000000000O000O00UOOO
gooo,000b00b00o0obo0oboooooon
00oo0oood. Davidd OpalDOOOOOO
obOo,ob0,00000000b00000000
go,0b0oboboboooobono. obo, o
000000 DavidO, 0000 800-km OO0
Oo0,00 EpO000O0O0O0OoOoOooo,boobooo
goooobobooooo. booooo, oo
gbooooobooooboooboooo,oooboon
goooobobooo,oubbbbuooouobon
gboooooooooooob. ooo,0o000
0000 Opal 0, David 000000, 00000
00000000 (Doo0o),EP00U0O0O0
ooooooooon.

1.5 000000000000

ooboooboboooboboooboono
(McTaggart-Cowan et al., 2001; Ritchie and Els-
berry, 2001, 2003; Kimball and Evans, 2002) O O
O00000D00. McTaggart-Cowan et al. (2001)
00, Hurricane Earl (1998) 000000000



g, gobbobboooooobboooooooo
00. Davis and Emanuel (1991) 0000000
gooooobobbbbooooooogoon,
goooooooboooboobooooo. oo
goboooboobbooboobbooboon
ooooooooooooooooo,Eal0O0O
gboooboobooooboooo,ob0oooo
gooooboooooobobob. oogobobo
gboooobooboooobobooooboob,boo
gobooboboobbooboboooboboon
U. boboboooboobooooo,boocoooooo
goooooooo,ogo,0ooobboobob
0000000000000 00000. Ritchie
and Elsberry (2001)0, 000000000000
ooooossSToOooooooooo,0oooo
goboooobooooooboboooboooo. O
gobooboboobobooboobbooboon
gobooooboooooboooobooo. ooo
gboooboobooooboo,oboocoooooo
oo, 0oooob,goooooooooooon
O0. 000,0000000 (warm core) 000
O0000000. 00, Kimball and Evans (2002)
g,00ocobooboooooboooocoooooo
g, gobbbboooooobboooooooo
gboooo. oboooobooobooobooboo
Oo,00o0boo0oooo,0b0,00b000o0a0.
gooobobbboooooubobbo,oooooo
gbooobooboooobooboooo,booobooo
gobbooboboooobooobbooon
0. Ritchie and Elsberry (2003) 00,0 (00O
000 977-hPa), O (000000 991-hPa), O
(000000 1003-hPa)0 3000000000
g,00ocoboobooooobooobocoooooo
gobooooobobo. bogbboobooo
gbobo,00b00bo0obo0ooooobooog, oo
O00000ooooooo (oo, 959-hPa, 965-hPa,
967-hPa). O0,0000000000000OCO
gooooobooooo. oogo,000000
goooo,bboooooooobbobboog.

l.e 000000

oooooo,0oooobooooooog, o
goboooobooooooooobo. ooooo
gooooo,gbooogobooobooooooo
0000o0oUooooo,1)0ooooooooo
00,2)000000000000000,3)00
0000U0000ooUo0oooo,4) 000000

O, 0o uooooobobobooooa
OO000. ooo,000o0oo0o0ooooooon
Ooo0ooooooooo,o0,00000o (O
0000)0,000000000000D0000
O00000o0ooooooooooooooo (O
00, Black and Anthes, 1971). O00,00000
oo0ooooooooooooooooooo, o
oo, 0ddoooobouooooobobobooooa
OO0 (000000000 UoOoD (boooo
000)0oooooOooooooon). ooooo
O0,00000000000000,0000A0
gobooooooooooo,oobbobooooa
gobodooooooooobooooooooa
ocoooooo.
goo,0o0ddo,0dddo,dogoood
0000000099180 (TY. Bart) DO O OO
O000000000000ooooo PSU/NCAR
MM5 (Dudhia, 1993) 0000000O. OO 9918
oo0,0000000000000,00000, 0
0000 (+50hPa/2400)0, 000, 0000
000000000 (—15hPa/1200)00000
0000000 (0098U0O0U0 (DooOooo
0000o0o)ooooo,00 O (20025 2003) O
00000). 00,000000000,0000
0000 (piecewise potential vorticity inversion)
Oo0oooooooooooo,oooooooon
oo, ddoooobooooobobobooooa
OO00. 0D0,0000000000000000
goobodoooo,booooobobobooooa
O. 00oooooo,0oo00ooo0,o0o000
goboodooooooooobooooooooa
0o. bodooooobooooooooo, a
00000ooooooooooooooooon
oo, dboooobooooodboo,ogogooaa
000000000000O0UooO (Doo, Davis
and Emanuel, 1991; Davis, 1992a; Stoelinga, 1996;
Hakim et al., 1996; Huo et al., 1999; Fehlmann and
Davis, 1999). 000,00000000,000
gooooboobooooboboobooooooa
oo.
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00. 000000,3000000000000
000000000000000000000,0
00000 (00000)00000000 (Anthes



MM5-Simulated BART

N Ne . N 3
1000 ?< 7< 7< ?
995 Rapid Decay Re-intensification Dissipation
£ 990 -
Ei 985 A 980-hPa B
S 980+ -
2 975 4 %
£ 9701
< 965 B
q>) 960 - 965-hPa L
—~ 9551 —
% 950 A B
g 945 4 -
£ 9401 -
= 9354 L
= 930 P35.hPa *
925 L
920 T T 1 T
00Z 24 00Z 25 00Z 26 00z 27
TIME [UTC]

Fig. 1: Time series of the minimum central sea-level pressure of Typhoon Bart (1999) in the MM5-simulated

fields with a horizontal resolution of 10-km.

and Warner, 1978). MM50000000000
0000, Dudhia (1993) O Grell et al. (1994) O
oooooooo. oo,000o00,00000
ooooooo,00o00,0o00o0o0ooogo
oooooo.

OO0ooo,000000D10,00000 D1
ooooooooooooooooooooooo
(D2~D5) 00000 (DOUOO). DiooOoOoOoo
00 30-km0O,D2~D500000000 10-km O
O0. 0000, 000000000o0ooooo
ooooo,000o000ooooooooogo
oooooo,00000ooooooooogo
0o00oo0oooooOo. oooooooooogo
0,000000 30000000000000.
oopoobooobooog,ebO0O0O 1°ex 1°
0000000 NCEP Final Analyses 000 00O
oooooooodo. ooboooooooog,
ooo0oo0ooOooooooooooooooo
0. 0000, Davis and Low-Nam (2001) 00 O
oo0oooooooooog,oo0ooooogo
091 8000nooooooo. ob,00o0oag
0 NCEP-NOAA Optimal Interpolating Reynolds
SST (1°x 1°00)00000000O0OOOOO0
O (Reynolds and Smith, 1994). OO0 0O, 1999
090220000 UTCOO 280 000 UTCODO
600000. DO00ODOOOODO,009918000
000 (D00)0U0oooooo (ooo)ooo

0,00000000. Doooboo bioood
goooooog,bbooooobbbog son
oobo. obo,0boo0oboboobo,booooo
gboooooobooo11b00,bi1oboboooo
0000000000, oo40000000D000
ooobO,00b0bo0oobooboobobooooo
good.
ooooooobooboboboobooboob,on
goooob. ooooobbbooogo, oo
00000DbO00000o00o0o0oOoooOd Reis-
ner mixed phase scheme (Reisner et al., 1996) O
0o000. 0ooooooboo, Grell cumulus
convective scheme (Grell, 1994) 00000. OO
0000000000, high-resolution Blackadar
PBL scheme (Blackadar, 1979) 00 000. OO0
OO0O0O0Qg, cloud longwave-/shortwave-radiation
scheme 00 00O (Dudhia, 1989).

3. 0099180 000000O0O00O0OO

ooooO,00,MM,O0O00DDOOOOO 9918
gobooooooobbooooooobobooboon
ooooooo.

Fig. 10, 0000000000000000O
goo0o. bobooobobooooo,goooo
O000000oO0Oo. oooooo (230 120 UTC
0)0,0935-hPa0 00000000000, 00
ooooooD,20000 UTCOOODO 980-hPa



OO00oO0DoDoOoooOoooO. 10000 45-hPa
gboooooobooooboo. ooo, 260
000 UTCOOoUOoOOoO,00pO0oDO,00DO
000,0965-hPa0000. OOOOOOO (25
0000 UTC~260 000 UTC), O 15-hPal 00
gboooboobooooboo,oboocoooooo
goooooboooooboobo. bob,bo00
00000000o00,0000000000 (25
0000 UTCO)000OO0O0OO (260 000 UTC
0)0,000 12000000000. 00000
oo,00bocooboooboooooboooooa,
goboooobooobooobbooobooboobooo
O00000oo0o0oooo. ooooo (260 000
00),0000000000oooooooooo
oooo.

4. 0000O0OO0OO0OOOOOOO0OO0O0OOO0O0OOO0OO

0000,0098000000000000
00000000000 DO00D000D0,0000
000000000000000000.

Fig. 20,000000000 500-hPad0000
00000000000, 0000,000000
000,0000000000000000000
00000000, 00,00000000000
0,000000000000000D0000. O
00000D000000DO000 (DO00D)0Do
0,0000000000000000 (000)0
O0D00DO0000. DDODO0000DOD0DDO0O
(Fig. 22),000000000,00 300-kmO000
3-PVU (1-PVU=1.0x10"m? K kg~' s~1) 0 OO
0000000000000, 000,00 70%0
0000000D00000,0000000000
0000000000000, DO000OO0DOo0o
00 (Fig. 2b),00000000000000O0OO
000000,00000000000000,0
000000000000, 00,0000000
0000000D000000,00000000
00,000000000000. 0O0O0O00DO
O (Fig. 2¢),000000000,0000,00
0000000000D00D00O0. 0DOoDOo0o
00,0000000,000000000000
00000,00000000000000000
00000000000, 00000D00,000
000000000000000000000. O
000000000O0OO000O0oOooOooon,
0000000000000000. 000000
00000000 (Fig. 2d), 000000000

gbooogboooboobobobo,obgoboooboo
goobooooobooooboooboo. booo
0000 260 060 (Fig. 2¢)00,200 (00O
00)00000,00,000000000000
000000000, Ooo,0000000 (Fig.
2f), 00000000000 200000000
oboocooooboobooooobobooooa.
O00000000000o0o0 (Fig. 2a)0,00
000000ooooo (Fig. 2f)po0oooo, O
gooooboo oooboooooooooo. o
gobooooboooobooooboboooboobooon
goo,0boboobooboobobooobo
goog,boooooog.
O0,300-hPa0000000C0OOODOOOOO
00000000 (Fig. 3),00000000000
oboooooooooobooooob. booag,
googoboooobg,booboobgoboooboo
g,0bo0oobooboboooboobooboooboon
Oo. oo9isooooooo,boooooon
googbooobooboboob,obobooobo
gboboooOoooobooooboooooooo
(Fig. 3a). 00000000 (Fig. 3b), 0000
0000ooooOo (3-pVU)ODOOOOODOOO
g,.0ooboboobooboobgobooobo
(0.5-PVUDO0)0,0000000000O0ODOO
0. O0000o0ooooo (Fig. 3¢), 00000
goooospPVvUOOOODOODOOOODOO
goo,00b00b0oboobooboooooboon
gobgbooboobobbobo. oboboboo
(Fig. 3d), 00000000000 0ODOOOOOO
goobobobooooooobboooo. booo
00000 (Fig. 3¢), 0000D0O00OO0OODO
gooooooooooo. boo,000000
g,gobogooboooboogob. ooo, o
ooO0oooo (Fig. 3f), 00000000000
googoboooboo,goboobgobooooboo
gooooooooo. bobooo,oo0o0o000
oboooooooooo,oo991soooooa,
Thorncroft et al. (1993) O Thorncroft and Jones
(2000)J00000LC2000000000000
gooooooooon.

5. 0000bO0ooooboobooooobo

gbo,0boooboogbooobog,goooobn
0Uo0oU00oooo00oU0oU0 (booooooo)o,
goboboooboboboboboboboboon
O00. 000000000, Krishnamrti (1968),



Fig. 2: Horizontal distributions of the 500-hPa Ertel’s potential vorticity (shaded accoding to the scale) from

0600 UTC 23 (mature stage) to 0000 UTC 27 (dissipating stage).

Contour lines denotes a 500-hPa relative

humidity of 70-%. Star marks indicates the position of the minimum central sea-level pressure.

00, Davis and Emanule (1991) 00000000
0o0oo0oooooooooobooooodnD w
000000000 xOOoooobo. Fig. 4a00,0
00O0D0OO000DbOODOO0 300-hPad00OOOOO
goooobobobobd ybobboooo. o
Joooo,00b00boboooobooooon
oo, 00o0ooo0oooooboobooogoo. oo
goooooooobobobooooo,obooooa

goboobboobooboobbooboon
00000000 (Kimball and Evans, 2002). O
go,0bobodbobouooo,gooobon
U,00o0boooboooooobooobooboog.
goo,0odbobboobooboboobo, b
goboooooooooobbooooo. ooo
gbooooobooooo,b0oboooooboon
gobooboooooobboboooooog. b



Fig. 3: Horizontal distributions of the 300-hPa Ertel’s potential vorticity (shaded according to the scale) from

0600 UTC 23 (mature stage) to 0000 UTC 27 (dissipating stage). Solid lines indicates a snow water mixing ratio

of 5.0x107* g kg™'. Star marks imply the postion of the minimum central sea-level pressure.

gooobobbboooouobboboo,ooooo
oo, 0o0o0o0o000oooboooooooo
(Kurihara, 1976; 0 0, 2000), D00 000000
go. oo,0o0000,00000000000
0000000000 (Klein et al., 2000; Ritchie
and Elsberry, 2001).

oo, 0jgoooooo,0oooooooo
goodbo,boooooobboooooooo

000 (Fig. 4b). 00000, 0035000 500
gboobooooooo,goosoc0b0oeo0nbonO
uo200000b000000b000b0oo0o
o,0booco,00o0o00oooboobooooo, oo
gboooooooobooobooooooooo, o
goboooooooooobbooobooooon
goobo. ooo,00200000000000
gbooooobooooooob. oo,00000



Fig. 4: Horizontal distribution of (a) the 300-hPa isotachs (shaded values greater than 30 m s™'), the balanced
geopotential height (thin solid lines, every 100-m), and velocity potential (convergent (divergent) area is indicated
by dashed (solid) lines, every 1.0x10° m? s™!) for 1200 UTC 24 (rapid decaying stage); (b) except for 1200 UTC

25 (re-intensifying stage). The low-level typhoon center is marked by a star.

gobooooboooooobobobooooboooo
g,0boocobooboobooooboooo. oo
Oo,00o0oooobobooooobooob,ooo
goboooobooooboboooboboooboboooo
ooooooo.

6. DOJOOoOooOoOoOobOOoOoOoOooOoDo

Joooooooboooooo,oo0ooooo
0o0ooo0oobooobboo, 0boooboooo
goooooooobooboodo. oogao
000000000 DOO0OO0O0OoooOO, Davis and
Emanuel (1991) 00000000000000O0O
O (piecewise potential vorticity inversion) O O O
0000000000 (oo,00,000000
0000000 O (2003)000000).

000,00000000050000 (23000
0 UTC~280 000 UTC)ODOOOOOOO g, O
0o0ododoooo Juooooo. ooooo, o
oo sooobooooobooooa g, 0O, 0
ooode,00000000,000000 9918
0000oU0o0oooooo0oooo. 1) 000
000000000 (QuUUuoooo), 2) 000
00000000000 0000000 (Qp00
000), 3) J00000oU0oooooooon
0000 (Qu,00OD0000),4) 0000000
000 (f;00000), 5 000000000
00 (Q,O000), 00,0000000,0000

00,00,000000000000.

000000000,000000000000
00,0000000000 (0)00000000
00,000000,000000000 (0)00
000000000000 (Hoskins et al., 1985).
0000,Qq QnD,0000000000, Qun
0,0000000000000000. ;00
000,000000000000. 00000 (0
000)00000000000,00000 (00
00)0000000000000000. 000
00000000000 @ 000 (00)0000
000000,00000 Qg QuOdO00000
(00),00000 Q000000 (00),00
000 600000000 (000D0)0000
oooooooooo.

7. 0OOo0o0ooooboooocoooobooo

Figz. 50, 0000000000 1000-hPa O
0000, 00000000000000000
(=9,/50,x100)00000000000000.

000,0000 Q,000000000,00
000,0000000000000000000
0D00000,0000000000,00000
00000O0. 000,000000, 70%000
00000,00000000000000000
000000000000. 0000000,00
000000,00 (49%)0000000000.
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Fig. 5: Relative contribution of Qpun, Ocsr, Qnp, and Qg to the 1000-hPa total geopotential height anomaly &’
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Interaction among Upper/Lower Potential Vorticity Anomalies

during the Extratropical Transition of Typhoon Bart (1999)

Jun YOSHINO, Hirohiko ISHIKAWA and Hiromasa UEDA

Synopsis

A numerical simulation and 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. The

mid-laittude typhoon remnant was strongly influenced by an upper-level negative PV anomaly associated

with an outflowing cloud shield.

It became clear that convective activity, which was responsible for

forming negative PV anomaly, enhanced the effect of cyclolysis, as well as cyclogenesis.
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