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Fig. 1 A conceptual image of 3 flow patterns. Red
arrows are westerly wind burst, and blue arrows are
easterly wind and its waves.
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Fig. 2 Examples of objective analyses. Background
colors mean zonal wind field at 850 hPa level; red is
westerly, and blue is easterly wind. Green contours are
geo-potential height.
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Table 1 A comparison of 3 patterns categorize

ALL SL (%) CR (%) EW (%) OTR (%)
Current (1984~1992)* 205 99 (48) 41 (20) 51 (25) 14 (7)
RH99 (1984 ~1992)* 199 84 (42) 58 (29) 36 (18) 21 (11)
Difference 6 15 -17 15 -7
Table 2 Aresult of patterns categorize for 30 years
ALL SL (%) CR (%) EW (%) OTR (%)
Case 904 388 (43) 188 (21) 201 (22) 127 (14)
Lat (deg) 12.9 12.1 13.5 12.8 15.1
Lon (deg) 143.3 141.7 142 146.1 145.6
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Table 3 Inter-Seasonal variations in 3 patterns

Fig. 3 Distributions of tropical cyclogenesis locations of 3 flow patterns. Background colors mean zonal wind field at
850 hPa level wind composited for all cases about each flow patterns; red is westerly, and blue is easterly wind. Green
contours are geo-potential height.

ALL SL (%) CR (%) EW (%) OTR (%)
DJF 69 40 (58) 4 (6) 18 (26) 7 (10)
Lat 6.8 5.4 7.0 9.0 8.7
Lon 147.3 148.3 147.2 142.6 149.8
MAM 87 51 (59) 10 (11) 21 (24) 5 (6)
Lat 7.0 7.2 7.7 6.3 12.4
Lon 145.9 146.6 1438 146.3 135.7
JA 373 133 (36) 101 (27) 73 (20) 66 (17)
Lat 14.0 13.9 13.4 13.8 16.7
Lon 140.7 139.9 140.6 1435 1425
SON 375 164(44) 73 (19) 89 (24) 49 (13)
Lat 12.6 12.3 11.8 13.0 14.1
Lon 144.7 140.8 143.7 148.8 150.2
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Fig. 4 Inter-seasonal variations of 3 flow patterns. Case
numbers are integrated number for 30 years.
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Fig. 5 Inter-annual variations of tropical cyclones genesis numbers. Bars are case numbers, and a line is a sea surface

temperature.
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Fig. 6 Inter-annual variations of 3 flow patterns for 30 years.
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Table 4 Inter-annual variations of 3 patterns

Al SL CR EW OTR
1979 | 27 10(37) 9(33) 5(19) 3(11)
1980 | 28 13 (46) 5(18) 7(25) 3(11)
1981 | 29 8(28) 7(24) 7(24) 7(24)
1982 | 27 16(59) 3(11) 4(15) 4(15)
1983 | 24 7(29) 7(29) 8(33) 2(8)
1984 | 30 15(50) 5(17) 6(20) 4 (13)
1985 | 27 15(56) 6(22) 3(11) 3(11)
1986 | 28 13(46) 6(21) 7(25) 2(7)
1987 | 25 12(48) 4(16) 6(24) 3(12)
1988 | 26 8(31) 3(12) 6(23) 9(35)
1989 | 35 11(31) 11(31) 8(23) 5(14)
1990 | 30 13(43) 6(20) 7(23) 4(13)
1991 | 31 11(35) 7(23) 7(23) 6(19)
1992 | 32 13(41) 4(13) 8(25) 7(22)
1993 | 37 16(43) 11(30) 6(16) 4 (11)
1994 | 39 17 (44) 11(28) 3(8) 8(21)
1995 | 33 8(24) 4(12) 14(42) 7(21)
1996 | 44 18 (41) 10(23) 9(20) 7 (16)
1997 | 31 13(42) 7(23) 5(16) 6 (19)
1998 | 27 12(44) 2(7) 10(37) 3(11)
1999 | 33 12(36) 3(9) 12(36) 6 (18)
2000 | 34 14 (41) 11(32) 4(12) 5(15)
2001 | 33 16(48) 9(27) 5(15) 3(9)
2002 | 30 15(50) 8(27) 4(13) 3 (10)
2003 | 27 20(74) 1(4) 6(22) 0(0)
2004 | 32 14 (44) 6(19) 4(13) 8(25)
2005 | 25 10 (40) 6(24) 7(28) 2(8)
2006 | 26 15(58) 4(15) 6(23) 1(4)
2007 | 27 14(52) 8(30) 5(19) 0(0)
2008 | 27 9(33) 4(15) 12(44) 2(7)
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Fig. 7 Nine circles to calculate upper tropospheric
circulation. A diameter of each circles is 1,387 km. “C”
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Table 5 Inter-seasonal variation of upper troposheric circulation for the Environment

ALL DJF MAM JJA SON

+ 21% 8% 16% 34% 27%

- 79% 92% 84% 66% 73%
Case 196,974 48,564 49,680 49,662 49,068

Table 6 Inter-seasonal variation of upper troposheric circulation for the TC genesis

ALL DJF MAM JIA SON

+ 27% 30% 14% 27% 29%

- 73% 70% 86% 73% 71%
Case 904 69 87 373 375
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Fig. 8 Inter-annual variations of upper troposheric circulations about environments and tropical cyclogenesis cases.

“+” means cyclonic, and “-“ means anti-cyclonic circulation cases.
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Table 7 A frequency of MCS merger accompanied TC genesis

Category Merger Num (%) Lat (deg) Lon (deg)
All Yes 124 (29) 12.6 138.2
All No 300 (71) 13.7 140.0
TY Yes 65 (32) 11.2 142.8
TY No 141 (68) 12.6 144.1
TS Yes 35 (29) 14.7 131.2
TS No 85 (71) 145 134.9
D Yes 17 (25) 13.7 134.8
TD No 50 (75) 15.5 137.2
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Fig. 10 Distributions of tropical cyclogenesis locations for MCSs merger accompanied tropical cyclogenesis. White

dots mean cases of genesis with MCSs merger, and black dots are cases of no merger. Background colors mean zonal

at 850 hPa level wind composited for all cases about each flow patterns; red is westerly, and blue is easterly wind.

Green contours are geo-potential height.

Table 8 Inter-seasonal variation of MCS merger

Merger ALL (%) DJF (%) MAM (%) JA (%) SON (%)
Yes 124 (29) 8 (23) 15 (33) 53 (31) 48 (28)
No 300 (71) 27 (77) 30 (67) 117 (69) 126 (72)
Sum 424 35 45 170 174
Table 9 Inter-annual variations of MCS merger
Merger 1995 1996 1997 1998 1999 2000 2001
Yes 2 (14) 11 (39) 6 (30) 3 (20) 9 (39) 10 (40) 9 (39)
No 12 (86) 17 (61) 14 (70) 12 (80) 14 (61) 15 (60) 14 (61)
Sum 14 28 20 15 23 25 23
Merger 2002 2003 2004 2005 2006 2007 2008
Yes 6 (35) 17 (63) 10 (43) 9 (38) 12 (48) 11 (50) 9 (36)
No 11 (65) 10 (37) 13 (57) 15 (63) 13 (52) 11 (50) 16 (64)
Sum 17 27 23 24 25 22 25
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Table 10 Relationships between 3 flow patterns and MCS merger

Merger ALL [%] SL (%) CR (%) EW (%) OTR (%)
Yes 124 [29] 60 (48) 27 (22) 27 (22) 10 (8)
No 300 [71] 128 (43) 56 (19) 74 (25) 42 (14)
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Fig. 11 Inter-seasonal variations of 3 flow patterns and
MCSs merger. Each bars means integrated case numbers
for 14 years. Bars annotated as “M” is MCSs merger
cases, and “N” is no merger cases.
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Fig. 12 Inter-annual variations of 3 flow patterns related with MCSs merger. Case numbers are integrated for each
years. The upper panel is MCSs merger cases, and the bottom panel is no merger cases. Liner approximation is
displayed only about monsoon shear line (SL), but the others also have same biases for this 14 years.
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Fig. 13 Inter-annual variations of upper tropospheric circulations related with MCSs merger. Case numbers are

integrated for each years. “+” means cyclonic, and “-* means anti-cyclonic circulation cases.

P ROEPE B2 A TCRE AT 5> MCSTHFE O 3B
WRLT, FEDO N7 - Uy DIIHRICBRES L
LB ERIFI RN ERbroT,

Fig. 13 ICIIMCSHF& DO HE L | g D85 O 5=
THAENT LTI, TCRAERFIEIZ OV THEL L

BERT, “Merger (4)” IMCSHEFAH Y « EEEK
JEMETEER,  “Merger (1) 130FEH 0 - EEESKIEME
PEER, “No ()" IEPf&72 L - EERKIEMNEER, €

LT “No(-)” IZfF&A L - EEAKEMEROREE
SR FNEFNEHRL TS, Fig 13 I LhiE, #f
AH0 T EEERESGEMRTERERE S WO FEF LD
b, A ®H Y T EEERE R & <M BR O 4
OFHFBEFTHIMZBE L TEZ W R b Db, I,
a7 LT EEBMREEERR & VWY FH LY b,
A2 LT EENERTERR &V BHOHF RS
W(7=7E L, 2005 FIEBR<), £, 43 BiTHiRA
2B, MCSOPFSICHIIMEm N A S5ND Z N2 0
Kb bbb, IHICHEEEN E1E, “No ()
TR EERNERIEMEMEER &V BRESMAT
MCSOf & % {30 72 WTCHS A2 D F 451 23 fth 0 BRI 45
DRAFEFHIVLBFIIHEILTNDZLTHD
(ZORIFHEIETIER LS, FHHEHNTWDHTDE
BRIZHA > TV D), Z DJRIKNIT AT D T 25 5
DN HRVWIZDASHHFHE L T LERD D,

6. BAE/NN—X FEIDNCS
ZZ T, MCSOBFANTCOIEICEERBER A

DOMNE I DEEBREET 5, 4.2 iz, dhEk
SV _E O TCD 3 A T1E30% 0D F5] THHE 72 MCS

OPfENEXIZZ 2oL, [30%] OFEE
H o TCTCORAEIZE » TMCSD A 1T EE 4
MThD LRSI, BEBIIITCORAE LI
RAER AL TE K- E TOMCSO A2 EDFLEE D #|
ATHRELTVWDEONFANTZET, ZD30%E VD
WEFm LR T bRy, 22T, ZOETIE
A TFE EOTEBM AN— 2 kO EBEBICB T
MCS®D F 7 v 75— 2 %A{ERL L, TCOFAE & 1T MR
FRIZMCS D BEEF 0 % fif it U 7o RO W TR T
Do

6.1 MCSkSvx o TDT—42 LBTFE
PEJR S — 2 b JE OMCSHFA B3 2 f#dT <,
¥ 1k WLJE 7 2 MTSAT-IR O IR1 O F — & &
GSMaP-MVK O K&T — & % M7z, MTSAT-IR
DIR1 7 — Z TG L1 RFRR T, =R
BIE10.05 ° O T—XICEHBR L) v KT
— % ZFMLTW%, GSMaP-MVK [1F5##59.95 °
5 AE#E59.95 ° , B L UHE0.05 ° 05 R
0.05 ° ETOEBIZBWT, 0.1 ° K+ Dz miRGg
ET, | Ak EEZRHE LT ¥ Tbhb b,
GSMaP-MVK X~ 4 7 v it o7 — & (—EIC
B 2 sPE ke < RERIF RS IEF ISRV T —
2 % B EOER R O FRIME R (— IS IER IR WVE
WAEBNTx 51 KBEEROT—%) ZHWTL B
MBI RAE SN TR Y, EW&EIChEZ &
WHFEIRIGE OB KRET — 2 2/ 5 2R TE DT
nX 7 NThbd, MEEkiTibio ° 22620 ° , K
FR110 ° 225160 ° & L, Z OFEEKNT2006 8 A
9 H®™00 UTC 72510 H®00 UTC DRIICHRAE LT

— 362 —



160'E Z(FH:IS)

100 120E 140°E
Fig. 14 Zonal wind at 850 hPa level averaged from 00
UTC-9 Aug 2006 to 23 UTC. Background colors mean
zonal at 850 hPa level wind composited for all cases
about each flow patterns; red is westerly, and blue is
easterly wind. Green contours are geo-potential height.
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Fig. 15 An example of MCS tracking (64th MCS, 9
Aug, 2006). Background colors are IR1 channel images
of MTSAT-1R, and red region has TBB less than 208 K.
Contours are precipitation from the GSMaP, and dark
blue line is 2 mm/h, blue is 5 mm/h, sky blue is 10
mm/h, and white is 14 mm/h.
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Fig. 16 IR1 channel images of MTSAT-1R at 00 UTC

9 Aug. 2006. An area indicated a red rectangle is
target area of MCS tracking.
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Fig. 17 MCS tracks : 00 UTC -- 23 UTC, 9 Aug. 2006. Colors of lines connecting each dots are changed by case. A
yellow thick line indicates shear line of westerly and easterly wind, and a red thick line is strong westerly wind area.
These line are identified subjectively.
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Fig. 18 An example of MCSs merger case: 07 UTC, 9 Aug. 2006. “A” and “B” arrows indicate MCSs, and these 2
MCSs are merged until 08 UTC. Background color is IR1 channel images of MTSAT-1R, and red region has TBB less
than 208 K. Contours are precipitation from the GSMaP, and dark blue line is 2 mm/h, blue is 5 mm/h, sky blue is 10

mm/h, and white is 14 mm/h.
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A Climatological Study on Tropical Cyclone Genesis in the Northwestern Pacific Basin in Sight of Large

Scale Flow Field and Merger of Mesoscale Convective Systems

Ryuji YOSHIDA* and Hirohiko ISHIKAWA
* Graduate school of science, Kyoto University

Synopsis

Recently, it is known that the merger of MCSs (mesoscale convective systems) or MCVs (mesoscale
convective vortices) sometimes accompanies with TCG (tropical cyclone genesis) and is investigated as a
possibility trigger of TCG. We investigate the preferable lower and upper tropospheric flow field for TCG.
We consider 3 flow patterns of Lower tropospheric flow, which are monsoon shear line (SL), monsoon
confluence region (CR), and easterly wave (EW). For each of tropical cyclogenesis in 30 years (1979-2008),
we defined the dominant large scale flow pattern with an objective way. We also investigate upper
tropospheric circulations as an upper tropospheric environment for TCG. It is found that the SL is the most
preferable location for tropical cyclogenesis throughout different years and seasons. The TCG frequencies at
CR and EW depended on seasons. In addition, these characteristics do not have much variations and any
trend in 1979 - 2008. For a upper troposphere, anti-cyclonic circulations is the preferable environmental
flow for TCG.

The frequency of MCS merger during TCG is also investigated using infrared image from geostationary
satellites. About 30 % of TCG in the north-west pacific basin accompany MCV merger. The merger occurs
more frequent in boreal summer. The frequency of MCSs merger seems to have increasing trend in 14 years
(1995 -- 2008).

Keywords: Tropical Cyclone, Cyclogenesis, large-scale flow patterns, Mesoscale Convective System
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