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Study on Cloud Activity in Maritime Continent and
Wastern Pacific Ocean Using Satellite Data

Yoshimi Kondo

Rainfall estimation by infrared observations is a popular method for a long time.
Even though the black body temperature (TBB) of each cloud system is the same,
development stage might be different. This difference is one of the reasons of error
in infrared rainfall estimation such as GPI (Geostationary Operational Environmen-
tal Satellite (GOES) Precipitation Index) technique. In this study, cloud systems
defined from GMS (Geostationary Meteorological Satellite) were tracked, and their
evolution were compared with cloud parameters (minimum TBB within cloud, cloud
area size, TBB gradient at cloud edge). In addition, cloud systems which are observed
by TRMM (Tropical Rainfall Measuring Mission) were picked up, and the relationship
with precipitation was investegated. Maritime continent and western Pacific (90E-
180E, 20S-20N) were analysis areas and were divided into four regions: open ocean,
coastal sea, coast and land.

Cloud systems which did not split from or merge with other systems showed common
features in spite of different life times or the locations. While the minimum TBB
appeared in the beginning of their life times, cloud area was still expanding. At the
time of the first detection, the TBB gradient at edge was the maximum and decreased
with time. The rainfall rate was the maximum at the time of TBB minimum or earlier.
Virtical development was significant in coast, while remarkable horizontal expansion
appeared in land. Precipitation ice and the storm height profile showed differences
among each region.

Next, cloud distribution related to development/decay process of cloud systems was
investigated using the time and position of occurrence, dissipation, split and merge.
Difference between cloud center distribution and cloud cover rate was characterized
by the mean cloud size in each location. The cover rate increase was associated with
both system occurrence and cloud expansion by merging. As systems weaken, split

events became frequent and it made cover rate decrease.
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1. Ooono

0000000000000oo0ooO/o0000o0ooooOo,000oooooo
O00000.000000000000,00000000 (e.g., Rickenbach, 1999),
000000000000 (e.g., Arkin and Meisner, 1987), 000000000 (e.g.,
Inoue, 1989; Rossow and Garder, 1993)0 00 000. 0000000000000
00/00000000ooO0O000ooD,00/o000b0oo00o0oLDoDooOO
ooooooooooob, 00000000 boooboboobooooboooobooOoon
0ooo00.00,000001010000000000000DO0,00/00000
OobooooooooOoooooooooobooooboooboooboo0o. ooooboooon
oobooooboooooobooooobooboo,0bboobooooboooboboOoon
000000000000 (e.g., Wilheit et al., 1977; Kummerow et al., 2001). 00O
O,000000000D000DO00DOO00D,1000000000DOO00O0DOOD
Ooooooog,0b00booobo0oooooboooboooboooobooooboOoon
(Ebert and Manton, 1998).

19970 0000000000000000 (Tropical Rainfall Measuring Mission:
TRMM)O OO0OO0OO (Precipitation Radar: PR)O0O000, 0000000000
0000000000000000.000,000000000000000 (Visible
and Infrared Scanner: VIRS) OO O OODOO0O0000000,0000000000
O000000ooooo. VIRSO,00 200000 (0.6pum|ch.1], 1.6pum[ch.2]), O O
300000 (3.8umlch.3], 10.8um[ch.4], 11.9um[ch.5)) 00 500000000000
O0000. 00000000,0000000 (National Oceanic and Atmospheric
Administration: NOAA)OOODOOO NOAAOOOOOOOO AVHRR(Advanced

Very High Resolution Radiometer) DO 00000000, 00, GMS(Geostationary



Meteorological Satellite), GOES(Geostationary Operational Environmental Satellite)
0000ooooo0o0o0o0oo/ooo0000,00000000000000000,
O000000000. 000, TRMM VIRSOOOOOOOOOOOOOOOOO
00o00,00/000000000000000000000000O00O0O000O0.

TRMM VIRSO PROOOOOOO0O0COOO0O0O0COO0O0OC0OO0O0OCO. Inoue
and Aonashi (2000) 0, 0000000000000 O0O000OO0O0OOOOOOO
0O (Brightness Temperature Difference: BTD)0 0000, 00000000000
0.000000,BTD45(ch4—ch.5)0000000 10000000000000
O000.00 (2001)0,23KO00000000000000000,000000
00000000000000000000O0O0O0O0OoOoOO00O0. OD0O0O0000
000000000000000000000. 00 (2003)0,0000000000
00000 TRMMOODOOO,00000000C00000000CO0O000O0.00
O00o0oO0O0o0o0ob0oooo0o0ooooo0o0ooooOoO0o0o0obo0ooo,b0o0000000
O00oooo0o0o0oo,oo000o0o0000b0O0O00b0O0O0OO0O0O0bOO0b000. 0
O Bellerby et al. (2000)0, TRMM PRODOOO0O0O0O0O0O0O0O0 GOESOOOOO
00000 neural network 1 000000, 00000000O0O0O0O0O0OOOOO
O000000ooooo0.

0000000000000, 000000000C0O000C0O0O00C0O0O0O0O0OO
O0000.000,000000000000C0O00O0O0G0O0OO0O0OOOOGCOOOO
000, GOES Precipitation Index (GPI)(Arkin and Meisner, 1987) 00000000
00000000000,00000000000080000000 (e.g., Rickenbach,
1999). O00,00000000000000000DO0O0DOO0,0000000000
oooooOooOoOOO0OO0OO0OOOOOOOOOOOOOOOO,0000000080
00000000000000000000000000. 0000000 (2003) O
0000000000000 00000. 00 (2003)0,00000 PRO VIRSO
O00000000000000,0000000000000O000GMSCOOOO

gbobboooobobboo,ogobbbbooooobbbbuoooobobobg.



O0000000000O,PROODODODOODOODOODOOODOODOODOOODOODOO
O,00000000000000000O0DOO0O0O0O0OoOoogooan.
000000000000 00DO0DO00O0DO00DLO0ODOO0DO,00000b0000
000000000000 000DO000O0ooooooooooo.
00/0000000000000000000000000, International Satellite
Cloud Climatology Project (ISCCP)0 000000000 OOOO. ISCCPODO, O
O00000000 NOAAAVHRROOOODOOO,30000 1000000000
00000000, 00 Inoue (1989)0, BTDO O OO OO OO split window O 0O O
OO00000D0O00000,0000o00b0dboooooooooan.
000000000000 00’0000 oooboooooooooo,doag
00000000 ‘000D0’00b0ob0O,000C0’00D’o0bo0bOooDon
O000. 0000000000000 00o00b00o0ooooooo, Williams and
Houze (1987)0000000. 00000 ODOOOOODOODOOOOOOOOOOO
O000,0000000000000000000000000O000. Machado et al.
(1998) 0000000000 D0O0O0O, Mathon and Laurent (2001) 00000000
O000o0b0o0oboobooobooboboobooooooog. Carvalho and
Jones (2001) 000000000000, 00000000000000O0CDOOO0O
OO00000.00,00000000000D000D000000000O000O0OO0O
O0000000. Tsakraklides and Evans (2003) 0, 198900199300 400000
0000000000000 000000000O00D000oOoo0oD,0o0oooaoon
OO000DO00o0ooooogo.
O0D000000,00000000000,00000000D000O0DODODODO
O0000000000o00ooooD. 000, 000000000 ooooooon
O000000000,00000000000000DOO00DO0O00DOODO. O0D0O0O
O,00000000000000000000000O00000000000000O
0000000000, 000000000000000O00DO0OoO0000oOon

go.



guodddood,dgoououououooooboobb. gooooboob,ooon
gboggboggbuogooo,bbugbbogbbodgbbo.gboogoo
ooO3g0bgob.04000,00000000000DO0ODLO0ODLOOO, 00
gboboggubuoggooogboboo. gbooobbog,bogbobuooooboon

gbobboooobbbuoodgobbobouooobbb,osgo0bboagd.



2. oo

O0000,0000000000000000000,GMSO0O0O 1000oad
(Infrared 1ch: IR1)OD 000 200000 (Infrared 2ch: IR2), TRMMOOOO0OO
00000 (PR), TRMMOOOOOOOOO (TRMM Microwave Imager: TMI), O
000000 (VIRS)OOODOoooooo. booooooooo,o0o00000o
(United States Geological Survey: USGS) 0 GTOPO300 0 00. 00000 0OO,
00900000 1800O,00200000200000000000000O0000O. O
21()0000000000000. D0000O0O0,00000000000000
O00000000DO0ODO,200000 1000000. O 210, National Center for
Environmental Prediction-Department of Energy Atmospheric Model Intercomparison
Project(NCEP-DOE AMIP-II) 0 0 0 00O (NCEP2)(Kanamitsu et al., 2002) 0 0 O
OO0D20000000000000000. 0220000080000000000,
O00000,00000000000O0. 0b2200,0000000000000A0
0000000000 00. 00,00000D00000D00D00DODOO.

GMSOUOO 400000000000 0D000O0DO0ODO0O.0O00bOOoO0Oog GMS
0000,000000000000000000000000/00000IR1O0O
[R2OOD0O0O0ODO. ODOD0DO00O0OD00DOD kmDOO0OO, 000000000
0100000000000 0D00D0000. OD0000D0 100000, 000oad
0 (Blackbody Brightness Temperature: TBB) O, 00 0000000000000
OO0000000. 000000000 ooooooooooon, TBBOOOOOO
O00,000000000000TBBOOOOOOOOO.O00DOOOOOOOO
00000000000 TBBOODOOODOODOOO,000000000000D00O
000 (e.g., Williams and Houze, 1987; Machado et al., 1998; Mathon and Laurent,



2001). O OO0 DOO GPI(Arkin and Meisner, 1987) 0 0 0 0 O O TBB=235K(—380)
0000000000, TBBL235KO OO O 1963km?(00 25km000000)00
googguoboboboobooo. bbbboodd,ggoogobooboooooon
O (cold cloud area) OO OOODOO.

IRIODODO 11pm, IR2R2OO0O 12xm OO0 000 000O0O0O0OOOOODODODODO. O
godtoootggoboobboobbbobobboobboobooooooouoooooag.
O00,000000IRI0ODD0O0O IR2O00000000000O0O0DO0O0OODODOO,
O0000,IR10TBBOO IR20 TBBOUOOOO (BTD)DOOODOOOOOOO
goououoooooboo. gobooobb oo, oo buoobooboon
O0,BThO0 o00ooobob. ob0,bo000doobbbooooooo,IRO
R2000000000,BTDUOOOOODOOOOOOOOOO (Inoue, 1985). Inoue
(1987)0, 00000000000 splitwindow 00000000 0OOOODODOOO
O00. 00000, Inocue (1987) 000000 BTD=25K000000000000
guooooooo,buoobbbboooooooad.

TRMMOOOOO 300000000000 0O0DO0O0OO0DOO0ODODO. PRODOO
000000000000000000000000. 00, TMIOOO 500 (9ch)
O0000OD0000bO000OO0bO. 0oboOo,GMSO00O00O0O0OO0OoO0oDoOooOn
O TRMMOOODOOOOOO VIRS4chOOOOODOODOOODO,0000000000
OO0000,PROTMIOODDOOO0ODOOOODODOOO. O0DOO0OODOO, PR2A23
00000 (Awaka, 1998) 0000000 (storm height), PR2A250 000 O (Iguchi
et al.,2000) 000000000 (near surface rain rate) 0 0 0 00 00O (rain type),
TMI2A120 000000 (Kummerow et al., 1996) 00 0000000000000
000 (cloud liquid water), 0 O O (cloud ice water), O 0 0O OO (precipitation water),
00000 (precipitation ice) 000 . D000 TRMMOOOOOOO 0100000
goddoooooood. oo, ggooo,bbob,bboo,0ooooooo
gooood,o01d xo1l0ooooooooooobooooboobo,0ougooooo

b, o010 x0100boOoOooooobbuoooobbbooobbbobooobn.



doooo,0o0o0bo0o0oooooooooooonbo TBB,00ooooooooo,
0000000000 DOO00bO0o0bOOoobO.ooboOoo,GMSO 1oo0ooooan
Joodoooooooooobooooooooonooooooog,oogo
00 (convective system) 0 D0 00O00. 0000000000 OOOOOOO,00
gooooodoooooon, oo ooooooonoon.

0000000,0000 (t()0OOODO t+1)00D000O00000ooooooo
O0000000000000000000 (areaoverlapd)0O00O00O0O0O0O (e.g.,
Williams and Houze, 1987; Mathon and Laurent, 2001; Carvalho and Jones, 2001).
00, Machado et al. (1998) O, area overlap 0000, 000000 DOOO00OOO
00000000 (minimum speed 0)00000000000COCOO0OO0O0O0OO
0odoooodoooooo, goodooodonoonoooonooonon
O. doooo,2o0000 7010000000000 o0ooooooooooon
O area overlap 0 0 0 minimum speed D0 0000000000000 (by eyes) O
goodoobooooodoobdooon. oognoooo 22000, 0300000
non-split/merge 0000 (0000000000000 O0OOOO0O0OOOOOOO
0)000000,areaoverlap 0000 63% 00000000, minimum speed 0 O
008%0000.00000000000000D0DO0 (O 2000km?)0,00
0000000000 4000km?(Tsakraklides and Evans, 2003)0 30000km?(Machado
et al.,1998) 0000 000000O0O. 0000, 0000000000000000
000000000, areaoverlap0 0000000000000 0O0O0O0O0OOO0O
O00O000. 00000000, minimum speed 0000000000 OOO0OO
goooooooon.

doodoobooooooooogoo. o230uoooooooo,oooogg

gboboboodgbobobodad.

1. GMSIR1OOOO000 (TBB<235K 00 0)>1963km2 00000000, mini-
mum speed J00000000. 000,0000000 ()00000 (t+1)0

00000000000000000,0000000 100km/h000. Machado



et al. (1998)00,0000000000000000,0000000 60m/s
(=216km/h)0000000. 000000000000, 23KO0000000
00000 250hPa0 0000000 40km/h(0 2.1), 00000000000
00000000 8km/h(022)0000000,000000 100km/h00
OOoooboo0.boboooooobo,200000 100km 0DO0DO0DOOOO
O0000O00000.00000oo0oo (2003)000000,10000000
gboboggboogd. bbggbboguobooobooobooobbogn
OO0.000b0ooogoo,0oogbobo TBB,0000,00000 10km
gbobobooooboobooooboog.

. 00000000050000000,TBBOOOOOOOO. t=—1(t=+1)0
0000,000(000)0000000 25km00000 TBBOOOOOO
0.000,t=—2(t=+2)00000 t=—1(t=+1)000 TBBOOOOO0OO
000 25km 00000 TBB, t=—3(t=+3) 0 0 t=—2(t=42), 0000000

gobobuoodgoboboboooon.

.1l000ooooooooobobobooboo TRMMOOOO0O0O00000, VIRS
chd0D0000D00000. VIRSch4ODOOOO,GMSOD00O (TBB<235K O
00)>1963km*000000000,00000000. 000, GMSO VIRS
00000 (howr) DO0O0O0D0O000O0O, minimum speed 000000000
O0.GMSO VIRSOO, 0000000 s300000ooooog,onoooo
0000 50km/30min00000. 000000000 VIRSOOOOOOOO
O,0000000000 PROO TMIODOOOOOOOOOOOOO. OO,
TRMMOOOOO, VIRSOO 720Km, PR 00 215km, TMI O O 760km O O
Oooooodooo,oboboo0bobodoobooooooboooooooon

go.

Lobogoboboogoob,1obuoogb,20bbogoboogbbooon

O000000. 000000,0000000000000000 (split occur-



rence) 0000000000000 0OODOODO (merge dissipation) 000 O
O0o0o0o0. 000, 0000doobobobbo0g,0ooooooon split
occurrence 0 merge dissipation 0 D0 000 . t=—1(t=4+1) 0000000, O
O00(000)000000000 2kmO000000000O0O0COODOOO,

0000000 split occurrence(merge dissipation) 0 0000 000.

5. 00 (2003)0000000,1000000000000O0ODOOOOOOOO
gbobobodg. ogg,bbboggodgb 20000 10000bobobo,o0dn
050300 (0000570 2000000000 1110000000. 00
o000, 1 3uTCcob0 4UuTrCcooo,0yuooboobooboo. ooo,000d
gbbogbuogbbboooobbuooobboo,bbuooobboodab
gobbuogooobobuooooboboooooon.

guobobtoooobobuooobobuoooobbooo,bouoobobbod
00000, GTOPO300 O open ocean(d O ocean)/land/coast /coastal sea(d O sea)
040000000.000 784km?(00 50kmO000000)00000000O0O,
OO0D000 100km 000 coast, 100km O 0 0O 0O OO land, 100kmd 500km O O O O
coastal sea, 500km 000000 openocean 00 0. OO0 ODOO0OO,0 2.1(b)0 00
god. oo, bbb oboooooooon
gooboobbob, oo oboobobbo. bubbbobbooooon
goodooooooobb, bbb oouoogoon.

go,obbobobobbbbbobbboboboboobbt,dddddudooooooa
gooooobooboboboboboobboo. bbbl ooo,ooooon
O00000000000D0O (center rate) 0, 0000000000000 OOO
O (coverrate) DO O0O0. O0O0,0000000000000000O0O000O00O0O
g, 0boobobbobbbobbbobobbbobobbobbobobbbobboboooo,bon
O0d0odoooodd, center rated O cover rate 1 00U OO . OO0, cover rate

goboboloboboboo,go0bbosudbbbuooobn.



Altitude €)) Surface type (b)

20 20
10° \/@ /%% 4 10°
3 w ¢ ) o

0,

-10° ez -10°

T T T T T T >\ _200

'20e T
90° 100° 110° 120° 130° 140° 150° 160° 170° 180° 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°

0 500 1000 1500 2000 2500 3000 ocean sea coast land
Altitude (m)

021.000000.()0O0O0O,(b)DO00000DODOO0OOOODO.

021.2000000000000000. NCEP20000000000,00,00,000
goooo.

press(hPa) height(m) wind(m/s) RH(%) temp.(K)

10 30944.0 25.15 0.00 231.34
20 26340.4 21.22 0.65 221.04
30 23758.2 13.35 1.68 214.50
50 20600.0 7.62 7.71 206.35
70 18603.9 7.20 30.10 198.19
100 16575.9 10.83 54.64 192.49
150 14233.8 13.64 47.84 205.85
200 12432.1 12.65 36.26 220.42
250 10951.1 10.98 23.53 232.47
300 9683.1 9.78 17.00 242.68
400 7575.2 8.14 27.11 257.42
200 5855.5 7.18 38.06 267.71
600 4403.4 6.49 43.44 276.00
700 3137.6 6.27 52.28 282.78
850 1500.8 6.65 70.77 290.86
925 770.4 6.80 78.04 294.96
1000 85.9 5.85 76.71 299.88
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Wind speed & direction
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022 000000000000000. 20000 70 100,00 (by eyes) 00O maximam
overlap O , minimum speed D 00 0 000 OO0 non-split/merge D00 0O

by eyes maximum overlap minimum speed
total 148 120
128 agreement 93 99
accuracy 63% 83%
GMS

Track convective system by GMS.

N\

L TRMM

235K R>=25km R>=25km 235K

@Compare with cloud and rain
product from TRMM observation.

t=to — P t=totl—= — — —F t=tn

(DDetect the nearest cold cloud area.
(@Get the information about minimun TBB

Tet informtion atows minime BB 111 in radiua{=25ks until Shours after
in radius<=Hkm curing Stours bafore 5 the dissigal ios.
the occurance. . T' '
Occurance! 1P ° 20N
ot Dissipation!
90F [}center of cloud 180E
cold cloud area 208

«—— TRMM scan width —>
VIRS:720km TMI:760km PR:215km

023 00000000.
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3. gt

20000 101000 120 310000 10000000 bbObOoOoOoogouobooo
Ooo,0d20717000ogd. goobo,bo0bboobbobboobbuoon
gbobooggbbugobooob,ggbbogoboodbbuooobooobod
00000‘000’'000000 (non-split/merge convective system) 000000 O
000000. 000000000000, 813140 (D000 28%)0000. O 3.1
gboboggbooobuogoboooob.ogob,obboobboooboooooboon
gogobbbbobbbbouotoduoooooogg,ooooboobboboobobon

gboooogo.

3.1 UO0oooouobooobooboogn

0000,0000000000000000000 (00 non-split/merge 0 0O
non-split/merge 0 0 0 0)0, 0000000 (00 a)DOOO0OODOOOOOOOOO
goooon.

03.10,20000 JJAOODODOO 6460 00000000000, 0000000
00000000000, 0000 non-split/merge0 21398100 000. D O0O0OO
O00000000,000 all, 000 non-split/merge 00000000, O 3.1(a)0
opoooooOoDo,03.1(bh)oDoOODOOD0O0O0OD0ODODODODODODODOOOOO,00000
O, 00d0o0odoot. oo, bgooboooooooooooooo
O000. 031(¢)00(d)01000000000000000000O00O0O0O0O0O
. 0000, doodoobooonoood,goboonooooonooogon
0.03.1(e)00 ()000D00,03.1(c)00 ()000000000000. 000
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all0 0 00 non-split/merge 0 00 0000000O00O0.

0000000 (03.1(a))0,0000000000000C0O0O00OOOO. OO
00000 (NM)OOD0O (thow) D000, log000000, logN = —0.14¢ +4.39
(all) O O log N = —0.22t + 4.10 (non-split/merge) 00000000000, all
000 non-split/merge 0000 0000000000000, 2000000000
non-split/merge 0000 0000O0. 000,00000000000000,000
000000000000 00000000O0o0oooD. o0 (03.1(Mh)0,0000
0000000 D00000000000000, allO non-split/merge 00 0O
O0000000000.000000,000000000 allO non-split/merge O O
googd,ggbbuogbbuogbobugbobo. gbbuoobbooobooooboo
00.100000000 (03.1())0000000 (03.1(d)000000000 4
O00,60000000000000,0000000000. non-split/merge 00
00 all000,00 (03.1(e)00)0 21%, 00 (0 3.1()00)00000 3% 00
gobooooodano.

Machado et al. (1998) 00000000000 CO, 000CO0O0O0ODOODOO
OO0O00O0010bo0obobooobtekmbOO0O0OO0O0oDOOO. OO, Mathon
and Laurent (2001) 00000000000 OCOOOOOOCOCOOOOO0O0O,O00
O000000233KOOOO0OO0O00 5km/h00000000O. Large-Scale Biosphere-
Atmosphere experiment(LBA) 0 0000000000 Laurent et ol. (2002) 0000
O0000,75km/h0000000,000000000000000000 7.8km/h
goboo.

00000000000, all0 4.3km/h, non-split/merge 0 2.5km/h(0 00 00O
0000000,00000 all: 3.2km/h, non-aplit/merge: 2.6km/h) 0000 all]
00, Mathon and Laurent (2001) 000000000, 0000000000000
O000. 00, all000 non-split/merge 0000000000, 000000000
gooooobbobbbbbbobboobobobbbbb. oooooag,bbboo

goobbboboobb,bbbobbbbobotbgooooooobobobbboobobobon
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O000000000b0O00o0bO0obOobOO0o0ooobOobDOo.0ooo0o,0000
00000000000 bbooonbo, g 2kmbd0ddb0boooooboooo. o
Oo0oob0o,00dob0boboooboboooo, bbb oboooobOon
000000000000, 00b0o0b0o0b0o0o00obDoOooDo0o. 00O, 00
Oo0o0o0oboooboo, bbb boobObooobboooboboon
oo0oobooooboooo, bbb ooobooooboo. ooboo,
Laurent et ol. (2002)0 00 0000000000000 00O00000O000O00O0O
oo0ooboboooboboobooboo,bo0obooboobooobobooooog.

Mathon and Laurent (2001)00, 100000000000 0000OO0O0O0O0O0O
J000o0ooo0oooooono. D000 bobo0o0oob0obO,0000dggag all, non-
split/merge 00 0000000000000 OOOOOOOO (O 3.1(b)). O 3.1(d)
0,031(b)000000000000O000,00000000000000OOO
O0,000000000b000b0oobooobogoon.

03202000 JJADOODDOODOODOODOODOOOOODOODOOO. ODODOO
O000000000000000.032:)000000,032(b)0000000O0O
O00000000000O0O0O0O0O000. O 3.2()(d)(e)(f)D031000,1000
000000000 DO00D0DOO00OD0DOO0O0ODODOO0O0,00000b0O00D0bO0O00
O0000O00O000OO0O0. bO0,00000b0b00DO000,00b000bOOo0DbOon
D00 25kmO000000000O0O, 000000 400kmO0000000O00OODOOO
Ooooooooooo.

0 3.2(a) 0000, non-split/merge 000 100km 00 000000000000
00000000, OJ0oooog (o 32b)0, 0000000000000, alld
non-split/merge 000000000 000. 00 AIO0000,00 100kmO00000
Oo00ob0obO0ob. oboboboobooooob. boobobUobUo1obooobooon
00 (0 32(d))0000, non-split/merge 0000000000000 0O0OODOOO
0(0326)000000000000000000. 000000000000
O00000.00100km0O0000000000,00 (032(e)000000 8%0

15



O000000,00 (032(f)00025%000,0000000000000000
OO0000oO00oOo0ooooooooooooon.

0 3.1(b) 0O, all, non-split/merge 0 0 0000000000000 O0OOOOO
O0000000,032b)0l00,000000000000000000000
O00D0000.00000,l0000000,000000000000000A0
0000000000000, 00000000000DO0DODOO0. 0DO000DODO0
0000000000 0on, 00000000000 ooooooo. ooooooon
O0000,00000000000000000DO0O0DOO0DO0O0DO,OD00000
O0000000.00000,000000000000000000000000
O00000000oooo0,032b) 0000000000000,

000000, 00000 (Mathon and Laurent, 2001; Laurent et al., 2002) O O
O,000000000000000000000O0,0000000000000A0
O00000. 00bO0bOO000oo0O0,00000000000DO00DO0DO0O0DO0O0O,
O000000000000000000,000 42%0000004. Machado et al.
(1993) 000000000000 0OO0D0OO, 0000000000000 O0OOOO
00000000, 00000000O0000D00000DOO0DODOODOO0ODOODO
O.000000,000000000D0000D00DO0,0D00DO00DO0DOO0O, 00
OO00O0000O000o0oooooooooooon.

O000,000000000000000,0000000000D00D0DO0O, 0
0000000000000 0o0ooooooooooD. ooooooooooo
000000000000 000,0000000DO00O0DO0DO00DO,OD00000
0000000000000 0000000oooooOD8.1(b),0 00000000
0000000000000 00 32(b)0000,000000000000000
0000000000000 00O0O00O0bO. 000, 00b000000O0O0DO0

goboboodgobobuogoon.
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031 00000obbooobooooogoooboooo. T™IOO PRO, VIRSOODOOOO
000000 T™I/PROODOOOOOOOOOOOOO.

All system : 290717
Non-split /merge system : 81314

Ocean : 26660 Land : 4250
lifetime | GMS VIRS TMI PR lifetime | GMS VIRS TMI PR
1h 11103 258 214 41 1h 1814 44 36 9
2h 5895 366 306 61 2h 869 58 48 8
3h 3830 354 270 52 3h 640 58 40 8
4h 2359 290 222 45 4h 415 50 35 9
5h 1373 210 148 26 5h 195 41 32 7
6h 875 168 128 19 6h 155 25 14 4
>Th 1225 375 263 48 >Th 162 54 31 7

Coast : 24520 Sea : 21324
lifetime | GMS VIRS TMI PR lifetime | GMS VIRS TMI PR
1h 9703 246 201 31 1h 9615 214 177 28
2h 5479 333 283 63 2h 4812 320 256 53
3h 3685 324 261 57 3h 2946 301 244 51
4h 2310 286 222 50 4h 1664 211 171 26
5h 1409 217 163 27 5h 896 139 100 18
6h 831 176 127 29 6h 564 115 85 15
>Th 1101 299 218 40 >Th 736 211 150 25

17



System distribution (JJA? —_— all

(a —_— == non-split/merge (b)
200 ;
I
\ 180
10000
140 A '
_ 1000 € 1.0 / \,!
[} Ry \x./ LN V /‘ I v v
2 9 100 = y
= | -1~y 1
2 100 ; S =R ~ e \ v
\ \ o 427 A\
°0 TN
1]\
10 A ML a0 | L N \
X A" &
20
1 0
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
life time (hour) life time (hour)
c d
© 100000 ()
~N
R ENEEA o -
& 2 N
g AN < .
= £ 10000 \
= U T .
2 - X < 7 A
- S / P AN ]
= \ 2
) 4 S 1000
2 ool : 14 N
g iiFa 38
— \I/
\/
0.001 100
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
life time (hour) life time (hour)
(e) f)
100 == — 100 — —
[
__ 9 7 90
S s /
S 80 / S 80 7 va
> / ) /|
& 70 =3 70 i
qé_ 60 / / § 60 / /
® 50 / / 8 50 /
=
O 40 / S 40 /
o}
8 / & 1
(@)
2 20 == L 20 //
[ =
= 10 10
0 0 +——++—F+—+T+"+—
0 4 8 12 16 20 24 28 32 36 0 4 8 12 16 20 24 28 32 36
life time (hour) life time (hour)

031.000000000000000000000000. 000 20000 JJAOOOOO
O000. (0000000, (h)oOOUOoOODoOOooooooooo (oooo)oo
000 (00), (¢)10000000000000, (100000000000, (e)(c)
oooo, (f)(doood. ()00 (f)O0UO00 all0 000 non-split/merge 0 0 OO
gad.
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System distribution (JJA? T ﬁgn_spm/merge

a T T b
( " (b)
5 o I
10000 ,
B 8
\l
AN =7
1000 =1 N
o ; 26
£ A ~ | b 5
IS Nl [} ~N
S ~ | /
2 100 : g 4 \
) L N o
= 3
10 | , |/
e 1
\
1 0
0 40 80 120 160 200 240 280 320 360 400 0 40 80 120 160 200 240 280 320 360 400
mean radius (km) mean radius (km)
c d
10 © 100000 @
A I
) |
~_~ —
o © 14 ~—L |
(@) —~
© 1 - I SN ’
£ 5 £ 10000 s a
S \ o~ =
> N~ E \\
£ o1 . / =~
> 1 | )
8 Y AV | (=)
o J © 1000 ;
S o T
o 0.01 : >
o § Q
&= \ © I
0.001 100 \
0 40 80 120 160 200 240 280 320 360 400 0 40 80 120 160 200 240 280 320 360 400
mean radius (km) mean radius (km)
e f
100 —H ©) 100 — )
90 ~ 90 / |
S S f !
< 80 / S 80 i
> I ()
o 70 o> 70
S v © |
S 60 o 60
S o 1] 2 i -
L s ,I 8 s0 ’,
© °
D 40 { 8 40 1
< | © |
S 30 S 30 va
) II ) |
g 20 ' == E 20
= 10 4+ 10
0 0 T+
0 40 80 120 160 200 240 280 320 360 400 0 40 80 120 160 200 240 280 320 360 400
mean radius (km) mean radius (km)

032 0000000000000D00000ODOO0ODOODO. OO0 20000 JJAOOOOO
00O0O0. (0000000, (h)000000, (¢)10000000000000,
(100000000000, (e)(c) 0000, (f)(d)0000. ()00 (HO0DOO
all0 0 00O non-split/merge 00 O000O0O.
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3.2 UO0O0OO0Ooobooobooobogon

O0000,000000000 (non-split/merge convective system, 00 00000
00000000000)000000o0O(booo00 TBB,0O000O,00000
0kmO00O00 TBBODO)ODODOOO,00000000000000O0O0O0ODOOQO,
goodooob. g, g booooouo 4o, ogoo
guoooooooooob. bbb ooooooag,g31ggooon
O00. ocean: 26660 O , land: 4250 O, coast: 245200, sea: 2132400000000
goodoobooboob. bbb, oboooboooooon
O00000O0,0000000000 6% 000000000O0O0.

Machado et ol. (1998)0 0, 60000 2700000000000 OOODOO, O
0000 TBBOOODODODOOODOOO. OoO,000b0o0oobboooooon,
000000000000000000000000000. Machado et al. (1998)
OoooO0oooOoOoOOOOCO 100kmO00000,000000000000 (00O
25km)0000000,0000000000000000,000000000A0.

g33b3st,duuuu20bbbetdboooood,ggoaad
00000 TBB,OOD0O0O,00000 10kmO000 TBBOOODODODOOOOOO
O0000.00000 (hour), 0000000000000 O0O. 00O0OOOOOO
00000000000000,000t=000000000000 (t=t0)0000
O0.000 (t=tn)0t=000 +000000000000,00 oc00000DODO.
U0 TBBOOOOODODODDOOOOOOOOO S ooooobobon
O, 00000000000, 00,TBBO0O0O0O0ODODO,0D0000000000O 5
00000000000, OO0 (a)d open ocean (ocean), (b) O land, (¢) O coast, (d)
O coastal sea (sea) 00000 O0OO0OOOCOOOO.

TBBOO (0 33)0,0000000020000000000,00000000
0000000000000, 000, TBBOOOOODOOODOO,000 (03300
0)0O TBBOOOOO TBBOOOOOOOOO. TBBOOO,O0OODOOOOOO

gobobooggb.bobbodgg,bbbugguobboooooooboa,obooon
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000000000, 0000000DO0000OO000O0DO000DOO. oOboooo
OO0OO00OO0O0O000, coast>land>sea>ocean U OO TBBOUOODOOODOODOOO
O.000,000000000D00O0TBBOOODDODOODDODOODDOODO. OO
O0000D0000,00000000000,o0ceanl coast0 000 SKOOOO0O
oog.

0000 (034)00000,0000000000000,00000000000
0000000000000 0OO00DOO. TBBOODOOoOOoOooooO, TBBOOOO
00000000000 0000. 000000000, 00 land>coast>sea>ocean
O00,00000000000DO000000D000. TBBODODOOOOOODOO
coast 0, land 00 00000D00ODO0OODOOOODOOO.

00000 TBBUOO (0 35)0,000000,0000000000. TBBOO
O, 000000000000, 00000D000DO00DO0O00ODOO0ODO, 00000
oo0ooboooobooobouoobuoobuoob. oo, bo0obU0oobD,0bon
Oo00odoooooboboboobooobobobooboboobobOobo.obo,0on
00000000000 TBBOOOODODO,0000 TBBOOODOOOOO. OO
O,0000040000000000000O0, TBBOOODDOOOOOOOOODOO
O000,00000000000000000D0DODOO0. DboOo TBBOOO,
coast>land>sea>ocean D O OO OO, 00O O coast>sea>ocean>land 0 OO 0O .
O00,land000000O00O0O0O0OO,coast0000000OO0OOOOO0OO,00
O0O00000oooooobooboooo.

TBBOOOOOOOOOOO,000b00000D0O00O0O, TBBOODOOOOO
Oo0ooboobobooboob,00dbob00ooboooobobo,oboboon
O0000000bO00. o0, 0000b0o0o0bo0ooOoooDbooobon,
O0o0o0oboooboooboobob,bo0obboobbooobboboboOon
000000000000 0000000000. 000, Machado et al. (1998)0 O
O0Oo0o0ooooooo.

guooobobobbbbbb,oo0ooooooooobb. bbobobbbbobo
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0, TBBOOODOODO0O0OOOOO00,00000000000(033).000,0
000000000000000000000 (034)000000.0000000
00000000 TBBOOOOOO,00000000000000,TBBOOOO
0000000000 (035). 0000000,TBBO0O0OOOOOOOOO0O000
0000000000,00000000000000,0000000000000
000000000000000.00,00000000000000000000
00000000,00000000000.

ocean(d 3.303.500 (a)) O sea(0 3.303.500 () 000000000000
0, land(0 3.303.500 (b)) 00 coast(d 3.303.500 (¢)) 00000000000
occan000000000000000D,0000000000000000. land
Ocast 000000, land00,0000000000000000000000,
coast 10 00000000000. 000 TBBOOOOOOOO0O0O0OO. landOO
0000 TBBOOOOO4000000000 (03.5(b), 00000000000
0000000000000000. coast0000000,00000000000

(0 3.5(c))00,00000000000,000000000O0O0OO0OO0OOODO.
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L O | |
TBB Variation g e (houn

2 3 4 5
€)) in Ocean (b) in Land
260 260
250 250 \ //77‘\
240 \ 71717 240 \\ avivi
230 230
\ [1/1] [/1]
§</
210 210 -
< 200 200
= -5-4-3-2-101234567 8910 -5-4-3-2-101234567 8910
m
m c in Coast d in Sea
260 @) 260 C)
7#:\ - __'4_
250 \ 250 == 7
240 \ [ 240 \ i
\ \
220 b4 220 P
\[ A/ \
| 1
210 < 210
200 200
-5-4-3-2-10123456780910 -5-4-3-2-10123456780910
Time (hour)

033 000000000000000000000. (a)open ocean, (b)land, (c)coast,
(d)eoastal sea OO0 D O0OO. DOOO t=000,0000o00000.
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Area Variation T g DR Life (houn
12000 €)) |n’0cec}n 19000 (b) |’n Land
2h] 589 2h] 869
3h: 383( 3h:| 640
10000 h2359 10000 \ 415
Bh11373 Bh:1 19
/N AN
6000 6000
N\ J A\ \a
4000 / | \QK\ X 4000 / b4 R\
& 2000 2000
X
X
£ -5-4-3-2-101234567 8910 -5-4-3-2-101234567 8910
N—r
© (©) in Coast (d) in Sea
@ 12000 - 12000 ,
;: 2h; 5479 2h:| 4812
3h: 3685 3h: 2946
10000 h231( 10000 h 1664
o 5h 1409 5hy 89
6000 N \\ \\ 6000 =N
4000 §4% 4000 ,l/ } \“( &
/ W\ )8
2000 2000
-5-4-3-2-101234567 8910 -5-4-3-2-101234567 8910
Time (hour)

34.000000000000000. (a)open ocean, (b)land, (c)coast, (d)coastal sea [
doogg. oo t=0,0000 o000, 00000000000O00O0OUOUOO
good.
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18
16
14
12
10

SO N b OO

18
16
14
12
10

Gradient at edge (K/10km)

O N O

Gradient at edge Variation
€)) in Ocean

—
—F
[ ——

|
\

-5-4-3-2-101234567 8910

[
| —

(©) in Coast

'\
|

\
\

[
-5-4-3-2-101234567 8910

18
16
14
12
10

SO N b OO

18
16
14
12
10

o N b O

oS | ife (hour)
2 3 4 5 6
(b) in Land

7

L
I

-5-4-3-2-101234567 8910

(d) in Sea

N
RN
[N

\

LI
-5-4-3-2-101234567 8910

Time (hour)

035 000000000000000000000. (a)open ocean, (b)land, (c)coast,
(d)eoastal sea OO0 D O0OO. DOOO t=000,0000o00000.

25



3.3 Uoooooooooobogn

goooboo, bbb buoooobbooobobuooooobobooo
O000O00,000000000000DO0O0000D0.0000,GMSIR1IOO0O
00000000000000000 (non-split/merge convective system) 0 00 0O,
TRMM PROO TMIODODOODODOUOODOODOODODOODOOOOOODOOODOOOO
00000, ddb0bo0boob0booboobooooobog. TRMM VIRSO OO
guoooobobobu,gggoooooobbbboooooobobbbobooood,
TMIOD PROODOOODOOOOO0ODOOOOO0ODODOOOODOODOOOOOD.DOO,
guoooobboggoooo,g3igouobooud. gooo,bogaoago
goodooo,oboooobobboooog.

03603100, TMIODODODOOODOO,000,00000,000000000
00000,00000000,00000000000 (Rain conditioned average)
O000000000. 0000000000000 (hour), 00000O0O0O0CODODOO
00 (hour) 000, 000000000000000.000000,0000000
goo,bgggooobboo. g, bgoooobbooooobobobo, oo
O00000DO0D0D00bO0ODO0o0obOOo0ooooo,GMSOb0DO00bOOooDoooDon
gooo,0bboodbbuodogdobobooobo TRMMUOOODDODOOooobO
googd.

g3etuu,ddbpoooog, bbb bobuouooouobooo, o
guobobgoooob,gboboooobbbooobobbuoobobbooon
O0000b00o0.0b0o0o00og, coast>land>sea>occan 00D O O0OOOOONO.
T™IODDDODOOOoooOooo,boobobbooobboooobbodg, O coastd
0000 PRODODOODODOOODDODOO (Lietal,2003)0,00000000,00
O00000ceast 000D DODDOO0O0O0O0O0O. ODODO0OOOOO, PROODOOODO
guooooooo,booobbbn.

000 (037),00000 (038),000 (0390000000 (0310000

gbo,ggbbodgobuogobbdog,buoggbboobbuoogboooboo
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godoooo, oo ouooooooooooooog. ooooao,
oceand sea 0000000, 00000000000000 (03.10(a)(d)0000
0000000.00,land0 coast 00000000000 0000 (O 3.8(b)(c)) 0
O, T™MIOOO (0000000000000 00000)00000000,000
O00000000.landO00Ocoast 00, 00000000O00O00O0O0O0OOOOO0OO
000000000000000 (0 3.10(b)(c), land0 0 coast 000000000
gooooogd.

031103130, PROODOODOOOODO, 00000000, 0000O0OoOoOad
goodooooooooooo. ogoooo,ouogooooooooooo, o
Oo0ooooooooooooooooo. boooo T™MIOOOOOOO, land O
gooooodoooooonooog,onouoooooon.

PROOOO (0 311)0O0O00O, TMI(0 3.6) 000000000000, TMIOO
J0ddddoooooooo. PROODDODODO, coast 0000 ocean I O seal 0 0
0o00o0ooooooood, ddbdd coast>sea>ocean U0 DO OOOOOOMN
Oo0d.do0,land000000000OO0OOOOOO,00000OO0O0OOOOOOO0O
O00000.00000000(03.12)00000,000000000000000
Jodddddd,oceanl seall 00 coast UL UOOOODOOOOO. ODO,0000
000 (03.13)00000,coast 0000000000000 OOOOOODODODO.

0000000000000000000000000000,0000 (O 3.110
0036)0TBBOOOOOOOODO, 000000000000 OOOO0OOODOO
O00. 0000000000 (0 s8.12)0, 0000000000000 OOO, TBB
gooodooooooonooo. oo, ooo0ngooobooooonooon
dooooo,ooudooooooooooooobooooooog,onooooo
gooo.

Rickenbach (1999) 00, Tropical Ocean Global Atmosphere Coupled Ocean-Atmosphere
Response Experiment(TOGA COARE)0 0000000000000 O0OOOO,O
OooooGeGMSOOO0ooooooooooooooo. booooo,ooooon
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O0000O0 TBBOODOOOOOO, 000 TBBOODODODOOOOOOOoOoOOOO
O.0000000b0bbbooo0o, bbb oobooooo, oo
gooogobboobo.obbodb,oobboobboobboobboobo
gobooobooobooooobuooobbooobbo.ooboboo,0booooo
000000000000000000000000000040, Rickenbach (1999) O
goooo,goboobbooobuoobboobboooboobbooobuoobo
oooooooo.

coast U U OOO0OO0O0ODOOLOODUODLDODLOODObOOUODbDObLUOODObOOg, ocean
OseaJO0UO0O0O0OOOOOO0O0O0O0O. OO0 oceanl sead 0, 00000000
I T I I A A A R B R B B 7o = 5y A
g,0dgobbooobbuooobobbooobbbooobbbooobb,oobo
godd3120djgduooobbobuoooooooooobobobbuooo. oo
go,0dbbogobboooboodbbooobbooo,ooobbooboobo
0000000000000 000. 00, T™MIODOOO0OO (0390000000
(0 38)000000,0ccan00sea 0000000000 O0OOOOOOOOOO
O0,coast 0O OO0O0OOOODOOOOOODDO. OODODDDOOOOOUOUDODODO
00,000 coastJ00OOO oceanU sea0 00000, ODOO0OOOOOOO, O
goo0oobOo0o0ooooooobobbooooooobbb. oooooooooo
obOo0o0bobboodbbbdd,ccastdgoobooooobbooooboo
O, 000000000,0000000000O00000oooboag.

goooooboo,boobboobbboooobooboboo,bbooboobo
gooboooobbbuooooobboooobbbooooo. T™MIOOD D DO
gooboo,0j00dbbbooooo,0bbo0oo, bbb gooboooo
oo0odbuooobuoguoboobb,cast00oobbooboooog.
oo0o,0000 T™IODODODOOOOOoooOoO,0b0bbo0000ooooooooo
0(@0O000000000)01land0 coast 0000000000000 OOOO,O

OO0b000OlandO00O00O0O0ODOOCOOOODOO0ODOOODO. O0land0OOO0OODO
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gbobooogobboo,gbbbddoeceanl sea UUOO, 00000 ODOOOOOO
gooboggo.

00 (2003)00000000000000000O0O0OOO,VIRSO PROOOOO
gobobdogdo.obobouggbbobuooobbooooooobuoooooboon,
g330u000dgob 3120bbuuggobbbuoaobbobuooognobon
O0D000000. 00 (2003)00000 050000000 (O 50km, 00000
00000o0o0000)ooo0o0o0ooooooooooooOooooooooD,000
00000 non-split/merge 0 0000000, 00000000000000000
goboo. g33b0uggnooag,buggbbugubbudts=00000gnon
Oooboboobo,obobuoboobob.obossbTBBOOOO,DO0DOO
gboobogdgboogbuoobo,ggbobugbboobbodobb.ooboogobo
goboboooogobooboboooo,bbboooooobobuoooooboobog.
O0000,00 (2003)0000C0000000DODODOOODO.

gbuogbobod,gobogbbogbuougbbuooboobboobuaabo
g,0ggbbodgbbuogbbogbobuogbboobbodobb.oobbooooboo
oboboooboobuoobooobbobboobooboobooboo,b 31400
g.0310,0000b0bo0goooouoon.

gbooggbbogobob,gbbouogbboogbboooboogobooog,bo
gobbobbbbouoooobbbbbuouoooobooboobooooob. bo
gobobo,gggbbobbodggoobbbooooobobooogoobooon,
gbobboogobbbuooobbbbuooobbboooobbbooabboo

go.
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Rain rate (by TMl) Rain rate (mm/h)
| in\OC\ean in La.nd

(b)
7 7 ‘ 10.0
6- L 61 i 7.0
5 5 5.0
3.0
4 4 -
2.0
3 3
15
27 27 1.0
5 1 17 0.5
>
2 o ‘ 0 ‘ 0.0
S 01 23 45 6 7 0 1 2 3 4 5 6 7
E in Coast in Sea
7 | 7 |
[}
=
—4 6 L 6 -
5 - 5 |
4 4
3 3
2 2
1 1 -
0 : 0 !
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Time (hour)

0 3.6. TMI2A12 00 0000000000000. (a)open ocean, (b)land, (c)coast,
(d)coastal sea OOO0O0O0O. OOO0OO,000000000O0O0O0OOOOOO
. dudooooooooboboobo,bduouooooobooboo.
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iaui Cloud liquid water (10-3g/m?3)
Cloud liquid water

. (a), 1 in Ocean . in Land 18
6 - 6 15
> > 12
4 4

0.9
3 3

0.6
2 21
1 1 0.3
0 0 ' 0.0

0O 1 2 3 4 5 6 7 0O 1 2 3 4 5 6 7

Life time (hour)

0 1 2 3 4 5 6 7
Time (hour)

0 3.7. TMI2A1200000000000000. (a)open ocean. (b)land, (c)coast, (d)coastal
seaJU0U0U0O0O0O. U0O0O0O0O, 0000l Do
goodaogoooob,bbouduuouaoon.
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Preci pitation water Precipitation water (10-3g/m?)

in Ocean (b) in Land
7 — 7 | 0.16
6 L 0.14
5 0.12
4] 0.10
0.08
3 -
0.06
27 0.04
= 1 0.02
2 o 0.00
S 01 23 45 6 7 0 1 2 3 4 5 6 7
= :
= (c) in Coast
[}
=
|

0 1 2 3 4 5 6 7
Time (hour)

0 38 TMI2A12 000000000000000O0O. (a)open ocean, (b)land, (c)coast,
(d)coastal sea OOOO0O0O. OOOOO, 000000000 OOOOOOODOO
. dudooooooooboboobo,bduouooooobooboo.
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Cloud ice water Cloud ice water (10-3g/m3)

in Ocean in Land

7 — 7 1.0
6 | 6 | 0.9
0.8

57 . 51 0.7
4 4 0.6
0.5

37 37 0.4
2 2 0.3
1 1 0.2
o 0.1

0 0 y 0.0

0o 1 2 3 4 5 6 7 0o 1 2 3 4 5 6 7

in Coast

Life time (hour)

0 1 2 3 4 5 6 7
Time (hour)

0 3.9. TMI2A1200000000000000. (a)open ocean, (b)land, (c)coast, (d)coastal
seaJUU0U0O0O0O. U0O0O0O0O0O, 00O, b
goodaogoooob,bbodduuouaoon.
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PI’GCipita'[ion ice Precipitation ice (10-3g/m3)

(@) in Ocean in Land
7 | —] 7 2.0
: 61 @ ’ py i 1.8
5 | 1.6
1.4
4
1.2
3 ]
1.0
27 0.8
17 ® 0.6
0 y 0.4

0o 1 2 3 4 5 6 7 0o 1 2 3 4 5 6 7

Life time (hour)

Time (hour)

0 3.10. TMI2A120000000000000000. (a)open ocean, (b)land, (c)coast,
(d)eoastal sea OO0 O0O0O. 000000, 00000000000O0O0DOOOOO
ud.duoooooooobobbo,bdduouoouoobooboo.

34



Rain rate (by PR) Rain rate (mm/h)
| in\OC\ean in La.nd

7 7 4.0
6 - 6 - 3.5
5 5 - 3.0
2.5
4 4 -
2.0
3 3
1.5
2] 21 1.0
= 17 11 0.5
>
g 0 w 0 0.0
p 0O 1 2 3 4 5 6 7
= 7 in Coast .
)
=
— 6 - 6 -
5 5 -
4 4
3 3
2 2
1+ 1 4
0 T 0 T
0O 1 2 3 4 5 6 7 0O 1 2 3 4 5 6 7

Time (hour)

0 3.11. PR2A25 00000000000 O000DO. (a)open ocean, (b)land, (c)coast,
(d)eoastal sea OO0 O0O0O. 000000, 0000000000O0O0O0DOOOOO
ud.duoooooooobobbo,bdduouoouoobooboo.
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Convective rate Convective rate (%)

. (a) . in Ocean . in Land 50
6 : o | © PO ol Bso
> > 40
4 4

30
3 3

20
2 2
1- 14-€ 10
0 0 : 0

0O 1 2 3 4 5 6 7 0O 1 2 3 4 5 6 7

in Coast

Life time (hour)

Time (hour)

0 3.12. PR2A2500000000000000000. (a)open ocean, (b)land, (c)coast,
(d)eoastal sea OO0 O0O0O. 000000, 00000000000O0O0DOOOOO
ud.duoooooooobobbo,bdduouoouoobooboo.
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Max Storm height Storm height (km)

in Ocean in Land
7 l | 7 11
6 - 6 L 10
5 5 9
8
4 4
7
3 3
6
2 2 5
1+ 1 4 4
0 0 i 3
O 1 2 3 4 5 6 7 0O 1 2 3 4 5 6 7

Life time (hour)

Time (hour)

0 3.13. PR2A2300000000000000000O0. (a)open ocean, (b)land, (c)coast,
(d)eoastal sea OO0 O0O0O. 000000, 0000000000O0O0O0DOOOOO
ud.duoooooooobobbo,bdduouoouoobooboo.
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TBB ~ < _ egradient

~
~
~
~

gradient max TBB max area max life time —>
, Rain rate —_—>
high [ ow

Convective rate
Cloud ice water

0314 00booobooboooobooobob,0boooboo.

o precipitation ice

cloud ice
I rain ocean
« ¥
-
74
7 —

L 70 770 27 T 7 Al ol ST S

g 315 000oooooobooobogoo.
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4. JUOUOUOOOOOOODODODODONO

godd,dddddddouooooooooooo, 200000 1obbobobbn
000000000000.GMSOOO0ODO0O0000 (TBB<L235K 00 0)>1963km?
00000000, 0000000000O0OC0OO0O0ODO. OD0OO,000000 (O
0000000000000 000oooOo0o0o00)ooo0ooUooooooooo

gbobob,g0bbobdoooobbboodgobon.

4.1 0OOOOOO

godgd,20000 10000 bbobodooooooon.

041(x)00000000000 TBBOOOO, 04100, 000000
0o0o0o00o0oooo0o0ooo. 041(b)00O0oO0oOO0O000O0OOOOOO0O0O0O
(center rate), 0 4.1(c) 0000000000000 OOOOO (cover rate), 0 4.1(d)
00 4.1(c)000000000 (crrusrate) 000000000 0. OO00O0OOO,O
41(b)000000000O,04.1(c)000000O00OODOOOOODOOODOODOO
Oo00o00O0.041(h)Dos00000,00000100D000000000.

041(d)00 4.1(c) 0000000000000, 0000000 TBBOOOOO
00o0000o0o0ooo0D.o00,04.1(b)004.1(c)0000, 0000000000
O . Inter Tropical Convergence Zone(ITCZ) O South Pacific Convergence Zone(SPCZ)
000000, center rate(d 4.1(b)), cover rate(0 4.1(c)) 000000000000
gubooobb.bbbbbobbbuuboudddd, centerratel DO OOOOO
OeoverrateUUUOUOUOOOO. DOUOOOOOOOOODODODOOOOOOOODOOO

00, center rate 0 0 00 cover rate D DO OO 0. O 4.1(d) O cirrus rate O, center
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rateJ000O0O0O0O0OOO0O0OODOOOOOOO0O,0000bOogg,b0oggoo
gobobbooogoboboooobobooan.

center rateJ coverrate U U DU OO0, 000000000 0OO0OO0OOOODOOO
000000000000000. 04.20,30000km*?00000000000000
000, coverrate 000 00000000000000O0O0OOOOO. 30000km?(0
00 100km)00000000,00000000000000000000O0OO0O
0000000 (e.g., Machado et al., 1998; Carvalho and Jones, 2001). OO, 0 30
0000000, non-split/merge 000000000 100kmO0000000000O0O
googdgbuod. bogg,ogobogoboooobooobooobooooboon
00 30000km? 0000000000000, 000000000000, 00000
UOcoverrate HUUOUOODOOO. OOUO,00000000000000O00O00O0O
g.gbboboggbbobbodggobobog,gbboggg,oboogoobooo
OOoo0oooboobobo. 0oboooooooooogoobooITczouog, center
rateUU000O0O0OO0O0O0O0OOO0O,00000000,000 coverratedJO OO
gooboggooboad.

gb,gbboobboodbbuogbobooobbuoooboa,bboobobo
O000.0430,0500000000000000000000000. O 4.3(a)(b)
O, non-merge/split 0 000 00O (occurance) 0 0 00 00O (dissipation) 00 OO
0.043(c)000 (split) 00, 0 4.3(d) 000 (merge) 10000000000, O
gbouogobgobogboboobo,buogbboobuogbuoobbooabn
gboboboodg.gb,buogbbobouogobboooobbb,ooboboo
gbobboooobboboooobn.

0430000,04.3(a)0 (b), 0 4.3(c)0 ()00000000000000. non-
split/merge 00000, 00000000000 0ODOOOOO,000000O0O,
gbooggbboggbood. bbogbbda,bbodbbogbooboooboo
gbobogobuodboggoogbobooobbuooboo,bogbooobagon

gb,bugdgboboboaodgbb.bodag,bbbouooobboboogoboo
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gobooo,ggbbodgooon.
gbboggboodgbogubbogobouogoobag,bggbbogboboodgoboo
gbogdboogbbogb. oo, gobbuoobbooobooboogbn
gbobogdbboogbooogbb,gbobboboobooobooobooobon
O, coverrateU U0 U000, OO0, 00000000000000000000
gbooggbodg,buogbbuoobbuoobboobbodobb.oobooobo
gboboodgb,ggboobobuogobbuogbbooo,buogoboouooooon
U0, center rateU U OO cover rate U U D ODODUOOOO0OOODO. O0O,0000
gogoobbbbbdodddooooooooo,ooooooobobooooboobon
gbooggboggbug. gboggoa,bbuoobboobooobooooboo
ooog,booboobooboboobooboboo.obboobo,b 420000
uo.
gbooodgbb,gbbuogbbougbboodgba,obuooobboabobo
gbbbuoooobbodd, center rate coverrate 00U, 00 0OOOO0OOOO

gobobooggooboogoon.
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Brightness Temperature (a) TBB<=235K cloud center rate  (b)

20°

10°

-10°

-20°
90° 100° 110° 120° 130° 140° 150° 160° 170° 180°

250 260 270 280 290
TBB (K)

TBB<=235K cloud coverrate  (c)

20°
10°
o
-10°
_20° T T T T T T T T T T T T T T T ‘\ T r ! T T T T T T A\ T
90" 100° 110° 120° 130° 140° 150° 160° 170° 180" 90° 100° 110° 120° 130° 140° 150° 160° 170° 180°
e ss——
0 4 8 12 16 20 24 0 10 20 30 40
% %

041. 000000000000000. (000000, (b)0000000, ()000
0000000, d)()0000ooooo.

30000km?2<area cloud cover rate

20° = e
10°
o
-10°
-20° = et
90° 100° 110° 120° 130° 140° 150° 160° 170° 180°
! ‘ ‘ ——
0 20 40 60 80 100
%

042 041(c)0000 30000km?> 000000000,
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O (%)
Frequency of event 0.000 0.004 0.008 0.012 0.016 0.020

Occurrence ® Dissipation (b)
..

-20° ..\ i T T T T \: — T -
90° 100° 110° 120° 130° 140° 150° 160° 170° 180°

Split (c) Merge (d)

B s

L B B B B B R N
90° 100° 110° 120° 130° 140° 150° 160° 170° 180°

T T T T T T T — T — T T T T .\ l\ ‘\
90° 100° 110° 120° 130° 140° 150° 160° 170° 180°

043 . 000000000. (0000, (b)0000, ()0000, (d)O0000. 000
0000000000000000000.
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4.2 0OO0O0OO

oooO0O,00000000000gooooooo,ooooooboboobooDo
ooooooOoooooooooo.

Ooooooooooooooooooooooobooo,0o0b0b000o0oDoo0o0
000,0000000000000000 (e.g., Nitta and Sekine, 1994; Chen and
Houze, 1997; Ohsawa et al., 2001). Nitta and Sekine (1994) 0 GMS IR1 000 00O
Oo00O0000o0ooOoo000oo0,0000000b00000D00000. Ohsawa
etal. (200)0 IRIOOOOO0COOO (DOOO0G.7um)000000O00OOOCO0O,
oooooooODOOOOOOO0O. 000000 0b0b,00000000000OOO
oooO,0ocoocoCooooOoooOoOoOoOob0. oo ooooooooo
Oo000000000000ooooooOO,00000000000000o000gn
00,0000 coverrate 10 O0OO000OOO. Chen and Houze (1997) 000000
Ooooooooooooooooooo0oOooooO,0oo0ooobooooooo
O0000000000000O0DODO0O000.00000,00000000 center
rate 0 cover rate 0 0 00 00O, non-split/merge 0 00 0000000000000
O,0000000000C00000.

04400 4600000, 0 4.1(b)(c)(d) D000 O0ODOO center rate, cover rate,
cirrus rate 00 0 00000. 000000000000O0O (local time: LT)O0 00O
O30000000000.

04400,000000000000000000D0C. 00,00000000
00 ITCZ, SPCZ0O0O, center rate D 000D O0O0D0DOO0OOODO. O 4.50 cover
rateD000,0000 centerrate 000 000000OCOOCOODDOODO.DOOODO
O0D00DO0000000, coverrated OO center rate0 00 30000000. O
ooooo0oOoooooocoOog,oo00o00ooooooooooooooooo.
centerrate 1 000 000000000000000,04600000000000
O00O0crusrate 000000000000, 00000 (022)00000000

gobooboogggoooobod. gbbobbbodgooogbobbn, cover rate
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0 12-15(LT) 000, 21-24(LT) 000000000000 0000, center rate 0 O
Oo00o0o00o0oooboooooo.

04.70,04200,30000km*0 00000000000, cover rated 00000
JO0O0o000dodg. center rateJ OO0 coverrate 1 D D OUO00OODOOOOONO
O,04700000000,00 centerrated 0O 0O coverrate 10O OOOOONO
gooboobodo. oobbbodooooobbbbbuodooouoobbobo
ooooobobo,00b0b0bbobbbbob00ddooooooooooooboobooo
goo.

O0000ITCZOO SPCZOODOO, centerrate 100 000000O0O0O0ODO0O
0000 (044)0000,0000000000000000000O0,00000
goooobboobo.goboo,boobboobboobpboobboobo
O, 00000000000000O00000bC0bb000oooD.oboo,0ob0oon
o0b0obo0o0bobboooobbuooo,dddeoverratel 0000, 0O
OODOcoverrate OO UOOOO,00000O0O00O0OOOOO0OODLO,000O0DOO
ooooooOoOo0oooooobobobboooooo. bbb ooooo
000000, centerrate coverrate 10 00 OO0 OOOO0DOOOOOOODOO
0.0000000000,30000km?000000000000000000O,100
oooboo0oobobooo0. oobb0,00dobboooooobobooo,booo
goooobbooboboobboobbooob,1booobboobboobo
oooooooooooo.

04800000,0490000000000000000000. 0O 4.3(c)(d)O
00,000000000000000000.0430 (¢)0(d)0,0000000
o000, 000b0bb000b0booooobobo. oo, 0ogoooo
guoooooo,bbbboooooboob. ggoooo,bbboog3gon
ooob. 0000, b000dbbbooooobboooooooog.

coverrate U0, 00000000, 0000000000000 cover rate J

gbogd,ggbbuogbbuogbbuoobbod. bboobooobooobo
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goboboodggb.bob,ggoobbouogobbooooobo,oggoooon
00 18-21(LT)0 00 coverrate 0000000000 DODO. ODDOOODO,0000
00000000000, 15-18(LT)D00 coverrate 00000 O0O0OODO.
Mathon and Laurent (2001)0, 00 (00)0 ‘00000000 (actual)’ 0 ‘00
00000000 (000)00000000 (artificial)) 000, 000000000
0.0000,actual 0 artificial 000 1:1000000000000,000 80%0O
artificial, 0 00000000000 0O0O0O. O0DDO0O, centerrate0 000000
gbob,buoogbbbbuduooob.obb,bud00obbbbbdd center
rateJ00O0O0O0OOOO0O0OO0O, 0000000000000 0O000O00O0O0. 00O
D000, b00b0bo0bboobbooboobbob actvdlD00O0OODOOO
gb,uggdbobbuoogobbboooobbboooobbbooan.
O000000,00000 centerrate(=00000)0000000000000O,
gobbDbDObObcoverrateU 0o, 000000 O0OOO0O0OOODOODOO,

coverratel U U UUOOOOOOOOO.

46



TBB<=235K cloud center rate

; 1 -20° 'x'x'x"x'.x'x'x':'x"'
90° 100°110°120°130°140°150°160° 170°180° 90° 100°110°120°130°140° 150°160°170° 180°

15-18(LT)

03-06(LT)

el a0 B
'E‘Jfl_" 10 1 _
T — 20" T
90° 100°110°120°130°140°150°160° 170°180° 90° 100°110°120°130°140°150°160° 170°180°

90° 100°110°120°130°140°150°160°170°180° 90° 100°110°120°130°140°150°160°170° 180°
21-24(LT)

(&

044. 0000000000OO0OO.

47



TBB<=235K cloud cover rate

-20° 1 . 20" 1T "! L A B "!'
90° 100°110°120°130°140° 150° 160°170° 180° 90° 100°110°120°130°140°150° 160° 170" 180°
03-06(LT) 15-18(LT)

10° 10°
0° 0°
-10° -10°
-200 T T T T T T T . -20° T 1T T 1T T 7 T 7T 71
90° 100°110°120°130°140°150°160°170° 180° 90° 100°110°120°130°140°150°160°170° 180°
06-09(LT)
200 e

“ 96" 10'O° 1]!0" 12'0° 13'0° 14'0° 15'0° 16'0° 17'0° 180° @ 96" 10'0° 1]!0" 12'0° 13'0° 14'0° 1F;0° lE;0° 17'0° 18'0°
09-12(LT) 21-24(LT)
20" - 20° oo n
10° - 10°
o e . o°
-10° g -10°
-20° ‘,x,x,",x,‘,‘,\-¥¥ -20° +——— . _ ] . . —
90° 100°110°120°130°140°150°160°170° 180° 90° 100°110°120°130°140°150°160°170° 180°
T
0 4 8 12 16 20 24
%

U 45 0000000000000 0OO.
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TBB<=235K cirrus cover rate
00- O3(LT) 12-15(LT)

90° 100°110°120°130°140°150°160°170°180° 90° 100°110°120°130° 140 150 160 170 180
03-06(LT) 15 18(LT)
'“ ' - - - : 3 x + : . g L |

L L T 71
90° 100°110°120°130°140°150°160°170°180° 90° 100°110°120°130°140°150°160°170°180°
06-09(LT) 18- 21(LT)

90° 100°110° 120 130°140°150°160°170° 180

09-12(LT)

i i " - L B " 1
90° 100°110°120°130°140°150°160° 170°180° 90° 100°110°120°130°140°150°160° 170°180°

[ B

I T T

0 5 10 15 20 25 30 35 40
%

0 46. 045000000000.
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30000km2<area cloud cover rate
12-15(LT)

00-03(LT)

90° 100°110°120°130°140°150°160°170°180°
03-06(LT)

L ol

6-09(LT)

-

[ ol V., PERATE, .
90° 100°110°120° 130° 140° 150° 160° 170° 180°
09-12(LT)

T T

18-21(LT)

o

90° 100°110°120°130°140°150°160°170° 180°
21-24(LT)

A
G =T
i, | AT

A ] 3

90° 100°110°120°130°140° 150°160°170° 180°

i, o i |

-20°

T

60 80
%

047 0450000 30000km?000000000.
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Split event
00-03(

-
e

L R B D B L
90° 100°110°120°130°140°150°160° 170°180°
15-18(LT)

o=t U Tkt

—T T T T T T T T
90° 100°110°120°130°140°150°160° 170°180°
18-21(LT)

S S S SO SO S S St

S LR

.
R

EEME . oak S e R R i

90° 100°110°120°130°140°150°160°170°180° 90° 100°110°120°130°140°150°160°170° 180°
09-12(LT) 21-24(LT)

[

90° 100°110°120°130°140° 150°160°170° 180° 90° 100°110°120°130°140° 150°160°170° 180°

[ B
— ,

T
0.000 0.001 0.002 0.003 0.004 0.005
(%)

048. 000000O00O0O.
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Merge event

-20° L I B B x - xgl'-x - x":\‘x
90° 100°110°120°130°140°150°160° 170°180°
15-18(LT)

'200'x-'x'x'x'..v'x'x'.’x"
90° 100°110°120°130°140°150°160° 170°180°

—T T T T T T T T
90° 100°110°120°130°140° 150°160°170° 180°
18-21(LT)

I'. -.'. ."\'\. L,
i 2. i -...-.

T T T T T T T T T T T T T T T - T V.

90° 100°110°120°130°140°150°160°170°180° 90° 100°110°120°130°140°150°160°170° 180°
09-12(LT) 21-24(LT)

o A ]

20°

10°

o°

90° 100°110°120°130°140° 150°160°170° 180° 90° 100°110°120°130°140° 150°160°170° 180°

[ B
— ,

T
0.000 0.001 0.002 0.003 0.004 0.005

(%)

049 . 000000000O.
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5. U0

oooo,030000b000b000b0b00bbo0obooboobobon4b000b00
goobooboboboobooobo,bobobooooboboboobooobon
OobOoooboboobooooboobo,boobob.

051000 5.20,0 2.1(b)00000O ocean/land/coast/sea0 000000, O
goboobooobobobobobobob. oo s3sgboooboooooboooboaon
O.00000¢t«=100t=xx0000000000000,00000000000¢O
goboooobo,bbooboboooboobooboobbooboo.ooogo,dst
O0052000000000000.05.1(a)0(d)00 43()0(OOOOOOO
non-split/merge 0 00000000000 OOOO. O5.2(a)(b)00 44000 4.5
00 center rate 0 cover rate 0000000000000 O0O0OOOO. O 5.2(c)
Ooooobo,pPROODOODOOOOODO, 1998900200000 30000000000
OobO.0s300000000PROODODODOODO.

0 5.1(a) O, non-split/merge 0 D 00000000000 O0OO. OOO0DOODOO
00000000000000,0000000000000oOO0o00oooO (Do
0). 0000o0o0o0o0o0ooO0o00ooO0,000o0o00o00oOooooooDoO0OO
O00.0300000000, non-split/merge000000, 0000000000
0000000000 (036,03.11). 000,05.1(a)0,00000000000
goboboboooobooboobobooooobooog.

OO0 oceanU sea0 00O, J000000O0O0. DUOOUO center rated 0000
0000000000 (O 5.2(a)) 0, cover rate 0 12-15(LT) 000, 18-21(LT)O OO
0000000000000 (O05.2(). 00000,00000000 cover rate
O00000,000000 03-06(LT)(sead O 06-09(LT))DC0C0CODODO (O 5.2(c)).
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00000000000 0000000, Chen and Houze (1997) 00000000
O00.000,000000000D000300000,000D000DO0D0DOO
O0000D00O. O0ooDbOoOg, 23K-208KO0000 208KO00O0O0O0OO0OO0OO
O, 00000000002208KO000000000000DO00O0DO0ODOOODO.
00000, 23KO0000000000000oobOo,0b0200b0o0ooon
00000000,0000000000 (0 5.1(a))0 ocean0O0 sead 00000
(03-06(LT)) D OO (12-15(LT)) 00000 200000000000. 000000
O,00000000000DO00000O00DO0ODO0OO0OO,D0D00000D0O0O,
000000000000 00DO0DO0ooooDooo0,0bo0booooooooon
ooogo.

land0D 00000, 0000000000000D00D0000O00DOODOOOO0O
O0000,000cast000000000000. 000000000 (O 5.1(a)),
00 (O 5.1(d)) 00O center rate(Od 5.2(a)) 0 15-18(LT)000000O. 000000
00, 0000000000000000 cover rate(Dd 5.2(b)) 000 (O 5.1(c)) O
18-21(LT)ODO00O0O0OO0. DooOoOoOoOO 1-8(LT)oooo,00o0ooooooo
0021-24LT)000000000000 (O5.2(c)). 0000000, 0000000
0000000000000, 000000000000 oooooooooooon
O00000000000000000. Nesbitt and Zipser (2003) 0, TRMM PR O O
TMIOOOOOOO0OOO0O000,0000000000 ‘without ice scattering(d O
O0000000000), ‘with ice scattering(D 00000000 ), ‘with MCS(OD OO
0000000000y O0300000,0000000ODOODO000000O0Ogn
000.000000,0000 12-16(LT) 0 ‘with ice scattering’ 000000, 00
00000000 16-20(LT) 00 ‘with MCS’O0000000O0. 0000000000
0000000000,000000000 (0 3.9(b), 0 3.10(b)) 00O, 12-18(LT) O
00000000000 00D00, Nesbitt and Zipser (2003) O ‘with ice scattering’ O O
O000000000000000.000,000000000000 non-split/merge

gooobbbobobobbbooa,bbbbbooooooooobobobbobobobbon
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ooooooooo.

coast 10,0000000000000000000000000000O,O00
0000000000000, coast000000000,000000000000
00000000000 (044). 000000000000 (0 5.2(a)(d)) 0, cover
rate 000 (0 52(b)(c)0000000000000000O0OO0O00,00000,
000000,0000000000000000000000000000000
000000.000000000,000000000000000,000000
0000000000000000000,000000000000000000
00. center rate 0 cover rate 10 000 0000000000000000000
00000, cast000000000,00000000000000000000,
000000000000. 000000,03400000000000000/0
0000000D000000000,cast0000000000000000000
000,036000311000000000000000,00000000000
00000000. 00000 cest100000000000000,000000
0000000000, cast0000000000000000000.

040000000,041(b)00000000000 (center rate) 0 O 4.3(a) O
non-split/merge 1 00 000000000000000. 00,05.1(x)00000
5.2(a) 0 center rate 00 0000, 00000000000,0000000000.
center rate 1000, 0000000000000000000000000000,
0000000000000000, non-split/merge 0000000000000
000000000.0000000000,000000000000000000
0000000,0300000 non-split/merge 0000 000000000000
00000000000000000000000000000000.

D000,20000 100 (PRO 199800200000 300)0000000000
0000,00000000.000000000000000000000000,
non-split/merge 0 0000 00000000,00000000000000000

gooobbbobob,obbbbbbbbbboooooobobobbbobobbbon
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gooboggooo.
gb,dbddboudgbuogboboobuogbugbuogboobooboonoon
00000,0300000 non-split/merge 00 0000000000000O0OOO
gbogoboboobooboboobuod. bugboooobuogbuoobonoon
gbgoboobgs33gssugbuuouubg,boboobbobooboabn
gbougbobgoobogbo.gbbo,bboobbg3eds313budb,gnoaon
googgboobouogboboogobodo. g3edu3liboogoooooooag, o
5300 00000000000000000000O0. 000000, non-split/merge
gogoobbbbbuodddoooooooooobo,ooooobobooooobon

gooboogobobuogogon.
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gsl1. 0000000000000 D000. Jgobbooobbooobobobooooo
goo.ooo0,b0b0b001wob00b0on.

Occurrence

local ti ocean land coast sea

0Cal e IMraTue) (%) | (value) (%) | (value) (%) | (value) (%)
00-03 0.0695 12.88 ] 0.0740 12.26 | 0.124% 12.86 | 0.0891 13.14
03-06 0.0751 13.92 | 0.0594 9.84 | 0.1119 11.53 | 0.0902 13.30
06-09 0.0599 11.10 | 0.0315 5.22 | 0.0914 9.42 | 0.0755 11.13
09-12 0.0639 11.84 | 0.0410 6.79 | 0.0870 8.97 | 0.0861 12.70
12-15 0.0775 14.36 | 0.1197 19.84 | 0.2144 22.10| 0.1132 16.69
15-18 0.0691 12.80 | 0.1356 22.47 | 0.1538 15.85| 0.0835 12.31
18-21 0.0637 11.80 | 0.0818 13.56 | 0.0930 9.59 | 0.0706 10.41
21-24 0.0610 11.30 | 0.0604 10.01 | 0.0939 9.68 | 0.0700 10.32

Dissipation

local ti ocean land coast sea
ocal time (value) (%) | (value) (%) | (value) (%) | (value) (%)
00-03 0.0612 1I.34 ] 0.0742 12.05| 0.1078 11.29] 0.0794 1154
03-06 0.0764 14.16 | 0.0689 11.19 | 0.1185 12.41 | 0.0915 13.30
06-09 0.0650 12.04 | 0.0466 7.56 | 0.1040 10.89 | 0.0828 12.04
09-12 0.0569 10.54 | 0.0351 5.70 | 0.0787 8.24 | 0.0747 10.86
12-15 0.0743 13.77 | 0.0678 11.01 | 0.1384 14.49 | 0.1113 16.18
15-18 0.0827 15.32 | 0.1461 23.72 | 0.1971 20.64 | 0.1086 15.79
18-21 0.0642 11.90 | 0.1115 18.10 | 0.1243 13.02 | 0.0730 10.61
21-24 0.0590 10.93 | 0.0658 10.68 | 0.0861 9.02 | 0.0666  9.68

Split

local ti ocean land coast sea

0cal UMe MiaTue) (%) | (value) (%) | (value) (%) | (value) (%)
00-03 0.0507 981 | 0.107I 1532 | 0.1052 11.48 | 0.0739 10.06
03-06 0.0645 12.48 | 0.0899 12.86 | 0.1109 12.10 | 0.0889 12.10
06-09 0.0664 12.85| 0.0634 9.07 | 0.1083 11.82 | 0.0957 13.02
09-12 0.0579 11.20 | 0.0410 5.86 | 0.0871 9.50 | 0.0830 11.30
12-15 0.0659 12.75| 0.0540 7.72 | 0.1120 12.22 | 0.1051 14.30
15-18 0.0879 17.01 | 0.1162 16.62 | 0.1544 16.84 | 0.1251 17.03
18-21 0.0712 13.78 | 0.1310 18.74 | 0.1410 15.38 | 0.0951 12.94
21-24 0.0523 10.12 | 0.0966 13.82 | 0.0977 10.66 | 0.0680 9.25

Merge

local ti ocean land coast sea
ocal time (value) (%) | (value) (%) | (value) (%) | (value) (%)
00-03 0.0639 13.25[ 0.0784 9.65 | 0.1169 12.02 | 0.0930 12.99
03-06 0.0642 13.31 | 0.0456 5.62 | 0.1012 10.41 | 0.0932 13.01
06-09 0.0618 12.82 | 0.0288 3.55 | 0.0918 9.44 | 0.1021 14.26
09-12 0.0727 15.08 | 0.0468 5.76 | 0.1039 10.68 | 0.1082 15.11
12-15 0.0650 13.48 | 0.1810 22.29 | 0.2005 20.62 | 0.1011 14.12
15-18 0.0514 10.66 | 0.2151 26.49 | 0.1576 16.21 | 0.0737 10.29
18-21 0.0499 10.35| 0.1264 15.56 | 0.1020 10.49 | 0.0674 9.41
21-24 0.0533 11.05 | 0.0900 11.08 | 0.0986 10.14 | 0.0774 10.81
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— oO0Cean ---- Ssea

Event Variation land === coast
(a) Occurrence (b) Dissipatjon
40 40
35 35
30 30
25 25
20 <] 20 yik
15 oA 15 : % N
10 TNl ST 10 AT N
~
0 0
= 01 2345%6 789 01234586789
SN
— c Split d Merge
() p 20 49 g
35 35
30 30
25 25 \
20 20 <
15 A7 N 15 —i= . S >
B N RN Sy / N
10 AN 10 e ===
5 — 5
0 0
0123 45%6 789 0123456789
Local Time

1:00-03(LT) 2:03-06(LT) 3:06-09(LT) 4:09-12(LT) 5:12-15(LT) 6:15-18(LT) 7:18-21(LT) 8:21-24(LT)

051 000000000000O00O0O. (a)00O0,()o0,(c)b0,(d)o0. 05100
gboogag.
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0 s2. 0000000000000 DO0O00. O0obbOoOoobbOooooboobobooooo
goog.

Center rate

local time ocean land coast sea
(value) (%) | (value) (%) | (value) (%) | (value) (%)
00-03 0.0071 1296 | 0.0088 11.92 | 0.0120 11.75 | 0.008% 12.29
03-06 0.0070 12.77 | 0.0067 9.08 | 0.0115 11.26 | 0.0092 12.85
06-09 0.0067 12.23 | 0.0047 6.37 | 0.0106 10.38 | 0.0093 12.99
09-12 0.0067 12.23 | 0.0046 6.23 | 0.0105 10.28 | 0.0095 13.27
12-15 0.0071 1296 | 0.0105 14.23 | 0.0158 15.48 | 0.0100 13.97
15-18 0.0068 12.41 | 0.0145 19.65 | 0.0162 15.87 | 0.0087 12.15
18-21 0.0066 12.04 | 0.0134 18.16 | 0.0134 13.12| 0.0079 11.03
21-24 0.0068 12.41 | 0.0106 14.36 | 0.0121 11.85| 0.0082 11.45
Cover rate
local time ocean land coast sea
(value) (%) | (value) (%) | (value) (%) | (value) (%)
00-03 0.0614 11.81 | 0.1037 14.21 | 0.1105 12.14 | 0.0917 11.44
03-06 0.0670 12.89 | 0.0751 10.29 | 0.1116 12.26 | 0.1046 13.04
06-09 0.0669 12.87 | 0.0444 6.08 | 0.0997 10.95 | 0.1076 13.42
09-12 0.0702 13.51 | 0.0349 4.78 | 0.0964 10.59 | 0.1147 14.30
12-15 0.0759 14.60 | 0.0691 947 | 0.1225 13.46 | 0.1240 15.46
15-18 0.0702 13.51 | 0.1342 18.38 | 0.1431 15.72 | 0.1026 12.79
18-21 0.0544 10.47 | 0.1448 19.84 | 0.1194 13.12| 0.0777  9.69
21-24 0.0537 10.33 | 0.1238 16.96 | 0.1071 11.77 | 0.0790 9.85
PR Rain rate
local time ocean land coast sea
(value) (%) | (value) (%) | (value) (%) | (value) (%)
00-03 0.1624 13.67 | 0.2453 16.14 | 0.2387 12.54 | 0.2049 12.80
03-06 0.1645 13.84 | 0.1533 10.09 | 0.2587 13.59 | 0.2335 14.58
06-09 0.1600 13.46 | 0.0844 5.55 | 0.2430 12.77 | 0.2430 15.18
09-12 0.1530 12.87 | 0.0540 3.55 | 0.2011 10.56 | 0.2259 14.11
12-15 0.1367 11.50 | 0.1636 10.77 | 0.2496 13.11 | 0.2063 12.89
15-18 0.1347 11.33 | 0.2760 18.17 | 0.2600 13.66 | 0.1666 10.41
18-21 0.1309 11.01 | 0.2764 18.19 | 0.2309 12.13 | 0.1582  9.88
21-24 0.1462 12.30 | 0.2664 17.53 | 0.2216 11.64 | 0.1626 10.16
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—— ocean ---- sea
land ---- coast

Cloud & Rain Variation

(@) Center rate (b) Cover rate
40 40

35 35
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25 25
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(c) Rain rate (by PR)
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052 . 0000000000C00OQCOOCODOO. (pyyODoDDDDOO, ()ODODDODOOOO
O,(c)PROODODODOOO. O0520000000.
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Averaged Rain rate
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6. 0U0O

oobobO,GgMSOO000DO00OO00O0ObOOO0DOO0bODO0boooOOooDUoboboo
Oo0O,000000000DODOODODODODODO (ODODODODODOODODODO,0000,00
00000000)0000000000oooooooooooog.

0000000000000 00000000000‘00D0’000000 (non-
split/merge 000 0)00,000000000000000,0000000000
gobo.ooboggbobbogogobobuoooobo,bggooobooboooa,boo
gbogdgboogbod. boggboodgbboobboobobog,bogoboo
gboogdgbo.obobuooobooobudgbb,obboobooobooobn
gb,gobbodgob,gbbboogbbuggbboobobuoogbouoonooon
gbobogd.bbbodgbbb,ceastbDUOgoboooobbooooon,
land000O0O0OD0OODOODOOOOOODOOD. DODO, 0000000 OO0bOOobOOon
gboboboooggoboobuoooobb,bboug,gbbo,bodggobooo
gboboboodgo. bbobodgg,bbbouogobbooog,bboodgboboo
gbobobooogoobob.gbbbbbodggdd,ceastDOOOOOOnDoOOO
gb,dggdgbobobdugoobbbuoogbobbbuooobbbooan.

gb,gbboboobbuoogbougbboogbuooobboobboo,bo
O000000000000000000000000000 (center rate), 00000
0000000 (ecoverrate) 1000, 0000000000000 0OO. 00000
gobbobbbuooddgooooobobbn, DDOD center rate I cover rate U 0 0
goooooob. booooaad,bbooooobobbbbbbbbbbon
gogbbbobobod,coverrate 0 0ODODODODO0O0O0O. OO0, 0000000

gbobobooggobbdd,coverrated 00O OOO. OODODDOOOOOOOO
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godddUd,coverrate 00D 0O0O0OO0OOOOOO, 000000O0O0O0OO0O0QO,
coverrate 1 OO DO ODOOOOOOOO.

000, non-split/merge 000000, 000000000000O0O0OOOOO
OO00,000000 center rate, cover rate, U0 UO0UOUOOOODODOOO, 0000
00000 non-split/merge 0 0000 0000000000000 OOOOOOOO
g.obboboogoboboobog, bbb bbooooobobbooo,bo
goodobobobooooodooooooooooooboobo,oopoooboboobooon
goboboboooobbbooobbboooobbobooo.

go0o0ooo0o,0bbooboobogbooooobbobooooooooooo
gooooooobObbooog, 00000 ooooooboooon
Oo0ob0oboboboboobooboooo.boooooooooo,GPIDOOOO
goobo0o,00bbd00b0bo0oo0o. 0O, 00ob0bobooooobooo
goobobobobobbbooog, 0o oooobobooboobooo
go,gjobooobooobooobbooobbooobboobL.boobboobo
000000000,000000000000000/oo00000ooooooo
googbooobo.gobbooo,bgobbooobboobboobboobo
Oooooooo,0bbo00boo0bobodboboooboooobo,ooooo

gobobooggbboboogobbboooooboooobobooon.
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L] [

goobobobooobbobo,bbbbbbidddgooooooooboooooon
gobbbobbuougooobbbbbuouod. bbbbbouooooboboo
gbuogoboobodgbogboboobbo,bgobuoobuogbbooabn
gooobbbbbdodoadg,bbdddugoooooooobobooooooon
gboooogo.

goggobbbobobbbbododddooooou,gogoooooooboooooon
gboboogboogbuoogboboooboooboooboao. oo, gboogbo
gbobogdgboogbuoogobooobo,bboobbodobbodgbb.oobo
gogobboboboobb,bbbobbbbobtbgdgooooooooboooooon
gb.obouogdggobobooogooog.

O00000,000000000000000000000DO0O0/00000 GMS
O00000000o0O0. 00 TRMMOOOOOOODOOOO(DOODODODOOOOO
0)0ODOoOooooooooooooo.
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