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A Study on the Tendency of Heavy Rainfall-Cell by
Development with Mesoscale Convective System in the

West Sea

Young-Sook Oh

Department of Oceanography
Graduate School of Industry
Cheju National University

Supervised by Professor Ig-Chan Pang

Summary

Around the Korea Peninsula, heavy rainfalls mostly occur in the
relation with the development or extinction of Cloud Cluster(CC)
classified as meso-3 scale. This study investigates the heavy rainfall
cases of more than 50mm per hour in the southern coast of the
Korea Peninsula and Jejudo in 2003 with the formation and
development precess of CC, and analyzes their characteristic
development processes with pattern classification to find some

prediction information on a heavy rainfall.
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Sea surface temperature (SST) in the West Sea affects the
development and extinction processes of CC, which causes a heavy
rainfall. Around Chilpaldo, CC is developed with high SST of
approximately more than 21°C, but weakened or become extinct with
low SST of approximately lower than 20TC.

Our analyses of the CC development show the normal precess
consisting of formation, development, and cyclone-formation and also
the rejuvenation precess consisting of formation, development,
transition, and cyclone-formation, that is, the secondary formation and
development after the extinction of primary formation. We illustrate
four cases of heavy rainfalls; a continuous development travelling
toward the Korea Peninsula after the formation in the eastern China
to make heavy rainfall in the southern area on August 27 2003, a
rejuvenation in the southwestern sea of Jejudo to make heavy rainfall
in the mountain area on July 20 2003 after the extinction in the
West Sea, and the developments with the expansion and retreat of
mT (North Pacific High Air Mass) on June 10 2006 and October 25
2007 in Jeju.

Key word : Mesoscale Convective System, Heavy rainfall, cloud

cluster.

= viii -



&t

0]
AN

S

3l
A

o
=

&7

S

17}

A

3} 7]

i FARol AFE 2

5]
}

A
o

El

e

. A

gl o
O

]

A%
&

7.

3)

]

o

lo=g

o

o

o)

-

o
vze]

o

ol
==

FopAlo} A

-
e

#

ko]

3]

Sl

= T Jrh(FA =, 2000)
o2 A

=

=,

[e3}
S
= &

-

A EHE Y= g

=
T

-
1

P
T

A

#uhetol
o B& #83 Buste] AdHow e

o

5

=
-

5

u) 7}

L
T

]_

10
EO
»AO

\R=E

2] 10%0°l]

, 1986), o]zl gt

o
Ak

o)

B

y/

’

).

.AO

o] 100mm ©]

o
&

=0

7.

—

[e)

)

»AO

30mm ©]

ZFAI L QAT

[e)
=

b, fiw A
4

3T

=R

ZA o 2olA AL, H

X

, 1996)

2] 2ol A]

T 10~20km)oll Al A& AlZto]
)

(7]

Ho
o
BK

|
fi%e)

Az

Ay

o
T

9l

=]

|

ol
(Hh=-8-(1986), ©1&71(1993), &1 5-9F

g

1 €]

p 4

37

o
u, 6)

o

<

st

“

g, 4)
, BuaEe]

=

[e)

o
-
= O

Foll 71918 7t el

°©

1}
=

9

E

Al

(1985))°1™, 2)9] o

=

o



I ZAME A= A EH mTO7FE Akl A st A E7] 7ol 93] B2 &
S717F @t FMEgo R FAEo 2 del] FYs|HA G458 wd st
A TS WHoen, A TR dFADMCS) 7t F
e oA SR A7 FEfe e (disturbance) & WrEste] A

AEESE FUA/E AAUEE BYom, Aade 580 s 20

L, o] 2H2005)= MCSe| e AP v L3 AAS 7HA L Q)

ow Kim et al.(2003)& A|FE oA G243 wdels SR TFERY

date] FFUHNA AHH FEFLNCOT Sl e A | 5
2ol wet ofalE AL BEEE CCo FFES A ON, dAztel HF

=]
592 YA 4 f39 ANES BT od @ Ant dAL 4ES

o
o

39 E4E olsstn FF FAT tFAL % XY T2 o

dst= telle 7ofd Ao ZhEn.

1) %A 7] H(mT) : maritime tropical air mass
2) =R HF A 2~=(MCS) : Mesoscale Convective Systems, 20 ~200km
3) TFEFH(CC) : cloud clusters, 10 ~100km

-2 -



O. A5 € &

1
ok
%

1

998 ¥ 20077+ H<+ 10

1 A3k 1
AP Ao de] S0mmold TAEHAE AHHE Ao ® sl @Azt

%
dE A4 deld, d7l=e FuSAs & &8st 4o

MCCAHR T} FE7F Z2F2 MCSe w4k E48 9J3lo] HlFoz A3 HF

7] fste] AFARVIEY B FAHAFaE e A7 8BS0
(AWS)7} AXAd Fda54 1204 5, £ 1671 #5A-Hd g ArAs
£ o]&sto] FAIEA S Atk (Fig 2.1, Table 2)

A TR Ol AR HE5e HHe skl 548 dolr 7] ffdte] A}
dzAE A a4 AEL vzt mT7EgAe el Eo19laL, 354
Well= A7|stel A8kl A7istel ddd 2ddido] f-2uetdd AT
wjo]l 1AZF Hubdae] 50mmét 150mmeldo] A ES AT

4) TR HFEEA(MCC) : Mesoscale Convective Complex, 200~2000km
5 AE 1A #=A41(AWS) © Automatic Weather System

_3_



o TETI7l WAS] Byl Hd), of FEUG FRee A
Adish T FAY edaaT mTAGAE T} FEes Prew o Fd

F 50mme]de FHFoE TAAZ AHHES ARSI S, S E-B TR
2 Wd3= Cloud Clusterse 2o
Cloud Clusters A&l 2fell A A= 259

E R ALY 5o ARE o8] FoHom 45T

ARMEA e A, 59 Aol Aageld A% WA Set dala

ow AFHSE AN Ab 1) 2003 08. 273 AdaelA Holw
AE AARA 13 299 A 2) 2003, 07. 202 EAsA R, BA, AF
3 g@Ee] YFAN FAH H9AY WAFFS otns] skel AF
27 mT7bgAeel 9s9e W, mT7h $gsAL 58 ue Ald 3)
2006. 6. 10.2} 2007. 10. 25.9 AtHE 43T



Table 1. Locations of Buoy weather observation stations

Station Latitude Longitude Remarks
Chilbaldo 34° 8 125° 76" Buoy
Guomundo 34° 0 127° 5 Buoy

Table 2. Locations of weather observation stations in Jeju Island.

Region Station Latitude Longitude Elevation(m) Remarks
North  Jeju 33° 30" 39.391" 126° 31' 54.132" 22.0 JRMO
Yusuam  33° 24' 35.574" 126° 23' 34.671"  429.0 AWS
Seonheul  33° 27' 30.575" 126° 42' 42.850"  341.0 AWS
South Seogwipo 33° 14' 34.214" 126° 34' 02.501" 50.5 JRMO
Namwon  33° 16' 47.881" 126° 43' 15.104" 19.0 AWS
Seogwang 33° 17' 06.073" 126° 18' 07.903" 139.0 AWS
West  Gosan 33° 17' 26.006" 126° 09' 53.357" 71.7 JRMO
Marado 33° 07' 01.265" 126° 16' 10.248" 49.0 AWS
Hallim 33° 24" 37.816" 126° 16' 02.247" 48.0 AWS
Moseulpo 33° 13' 00.047" 126° 14' 59.902" 20.0 AWS
East  Seongsanpo 33° 23' 00.785" 126° 52' 56.812" 17.5 JRMO
U-do 33° 30" 23.467" 126° 57' 12.167" 128.0 AWS
Gujwa 33° 31' 21.351"  126° 51' 06.739" 40.0 AWS
Gasi 33° 21' 13.625" 126° 46' 18.213" 100.0 AWS
Mt. Halla Eorimok  33° 23' 31.412" 126° 29' 38.771"  970.0 AWS
Seongpanak 33° 23' 04.318" 126° 37' 09.802"  750.0 AWS
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Fig. 3.1. Synoptic figure of convective  Fig.3.2. Satellite images of water vapor

cloud clusters cases

Fig. 3.3. Distribution chart of convective

cloud clusters
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Fig. 3.8. Time series of frequency of heavy rainfall over 50 mm/lhour
(1998 ~2007).

Table 3. Extreme maximum records of daily and 1 hourly precipitation in
Jeju Island (1927~2007).

Daily (mm/day) Hourly (mm/hr)

Rank Station Precipitation Date |[Rank Station Precipitation Date

1 Jeu 4200  2007.09.16] 1 Jeju 1050 1927.09.11
2 Seogwipo 3655  199507.02| 2 Seongsanpo  101.0  1981.08.10
3 Seogwipo 3040  199408.11| 3 Jeju 1002 1986.08.18
4  Seongsanpo 3020  199507.02| 4 Seongsanpo 940  2001.07.10
5 Jeju 3012 1927.09.11] 5  Seogwipo 9.5 1995.07.07
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Table 4. Sea

Guomundo Buoy (1999-2003)

13.4

12  |mean.

11

10

1

6.2 |52 (6.4 9.5 (13.8(16.8]|18.7|21.4|21.0{18.4 |14.0 9.6

Jijum

Chilbaldo

Guomundo |13.5/12.5]12.8]13.5/15.4|18.6/18.6(24.8|23.2(20.1 |16.1 |14.4 |15.0
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Table 5. Sea surface temperature('C) at the Coast of the Korean Peninsula
(1933-1995)
Month Mokpo Yeosu Tongyeong Jeju Pohang
1 5.4 6.0 7.3 14.1 8.4
2 4.8 5.4 7.1 13.1 8.1
3 7.0 8.2 9.7 13.4 9.6
4 11.4 12.3 13.3 14.5 12.4
5 16.1 16.5 16.8 16.0 14.7
6 19.9 19.9 19.7 18.5 18.0
7 23.4 22.9 22.3 22.2 20.5
8 25.6 24.9 24.4 24.8 22.8
9 23.5 23.7 23.1 23.1 22.4
10 19.1 20.1 19.6 20.3 18.9
11 14.0 15.2 15.1 17.9 14.2
12 8.7 9.7 10.3 15.4 10.3
mean. 14.9 15.4 15.7 17.8 15.0
* TP FEAY AT
a) b)
530 " —Cchnilbaldo Mokpol| 80 ———Guomundo Yeosu
©25 [ 5p, 2
g 525
EZO B /\ | 820
215 | §15 i
§10 J \\/| 5
5 510
Z 5 [
30 — 8 °
123456789 101112 o ——
12345678 9101112

Fig. 4.1. Monthly sea surface temperature at

Guomundo and Yeosu
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Table 6. Weakening or extinction cases of CC generated in China during
travelling through the west sea

. seasurface| temp. recip. lhour Max. hea
Date time temp.( C) ?IEI)) ImeI; precip.(mm) rainf‘;}{l
2003.7.20 [06KST | 173 | 202 56.0 53.5 Hapcheon
2002.8.15 [00KST | 194 | 197 101.5 59.0 Geoje
2002.7.22 |00KST | 19.8 | 20.0 91.5 53.0 Buyeo
2001.7.15 [05KST | 17.5 18.1 143.0 50.5 Hongcheon

PN\

a)2003.7.20.06KST

b)2002.8.15.00KST

€)2002.7.22.00KST

d)2001.7.15.05KST

Fig. 4.2. Satellite images of CC travelling through the west sea(GMS)

Table 7. Development cases of CC generated in China during travelling
through the west sea

Date time igamssnéfag t?%r)" p(rriig; g;gg{pﬁxm heavy rainfall
2003.8.27 || 00KST 224 234 144.0 100.7 Hongdo
1999.9.10 | OOKST 20.3 24.3 211.0 116.0 Buyeo
1998.8.09 | 05KST 249 25.3 189.5 48.0 Gunsan(R)
1998.8.13 | 06KST 252 26.0 141.0 95.5 Gochang

i ';.'r

R

a)2003.8.27.06KST

b)1999.9.10.00KST

¢)1999.8.9.05KST

d)1998.8.13.06KST

Fig. 4.3. Satellite images of CC development through the west sea (GMS)
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2001.7.21.02KST

2001.7.21.03KST

b)

2001.7.28.22KST

2003.8.27. 06KST

2003.8.26 21:30KST

2003.8.27.03KST

2003.8.27.05KST

Fig. 5.1. Surface weather charts and satellite images of GMS water vapor in

cases of a) development in the stationary front and the edge of mT(West
Sea), b) Development in the cold front and the edge of mT(West Sea), c)

evelopment at the end of a warm front(West Sea after formation in China)
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a) formation in the eastern China

4 J |
£7 7

2002.8.15.04KST

;
b

2003.7.20.15KST

2003.7.20.13KST

2003.7.20.16KST

Fig. 5.2. Surface weather charts and satellite imagees of GMS water vapor

in cases of a) Weakening in the west sea, b) Case of the secondary

development of the CC in the western part of Jeju Sea after weakening in

the west sea, c¢) Case of the secondary development of the CC in the

western part of Jeju Sea after weakening in the west sea
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.1 2003.7.25 06KST

MTSAT Water Vapor MTSAT TEMP MTSAT TEMP
2006.6.10.16:33KST| 2006.6.10.17KST | 2006.6.10.21KST

2006.6.1021h
850hPa

i ¥

e "’5‘

MTSAT-IR MTSAT-IR MTSAT-IR
2007.10.25.09n SFC. 51710.25.02:33KST|2007.10.25.03:33KST |2007.10.25.05:33KST

Fig. 5.3. Surface weather charts of satellite images of GMS water vapor in

the case of CC formation by orographic effect a) in the inland of Honam
local heavy rainfall, b)in Jeju when the mT expands its influence, c) in Jeju

when the mT contracts its influence
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VI A 24

SR FAll olg T%Ale] W Bl kst = RS T Aol A Al
& gk AR(L : 2003, 08 27)3 AMajdelA s9Ado]l 2dd §F 23
g -dberek= AREI(I @ 2003, 07. 20.), mTEEA s-9-4 g AR -
2006. 6. 10.) mTFFA] s @ AME(IV @ 2007. 10. 2508 R4

Y =TE ol gstel 44l EAsAL

1. 2003, 8. 27.2] AFE(T)

S9-Ao] Mol A ol X &, A AEe FAF A 2y
g dEES F AHEHE AAA-EE-HAAVE AR, 23dAAY FESY
&t A wealgl oh (Fig. 6.1.a)

Fig. 6.1. a)& 20034 8¢ 27% 3549 B e g FaMdrdol
o, Fig. 6.1. b)x S5-4do] IR AHES FF7|GFe= 43 A5 ot F
AAd R el DA A 200308 26. 15KSTel| AAE 5% de @AGo
Z YA 2003 8. 27. 02KSTel ek $9 o] Zalso] FEAJoz
12 AFs55 XA T F i AES A A QAHA FaEct
ol 22 HAA7IE A 3tE o] 2003. 8 27. 056KSTol &A1 dde] T3 =
W ok

20034 8¢ 2749 T9AS AT = FHAQA WA AHo] B E mT
of mP®e] F 17| Alole] FAFE AAHHo] dEEEE Wt o
T e A7t eddAe AFE FE A Wolde] mTrHE A

98 uheh GABNARE F&F T #9532 Uk (Fig. 6.2)

Q) 3 UA Fh 7| (mP) : maritime tropical air mass
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b)
formation formation

(2003.8.26.15KST) 2003.8.26. 21:30KST

a)
1 formation ‘
2:development
3:hEa?y‘rdP
|
development cyclone-formation
® 3 | (2003.8.27.03KST) (2003.8.27.05KST)
Lower jet \E{K -[-|'|_J ’ o
7 e, |

- i S
Fig. 6.1. a) Schematic figure of CC movement, b) GMS water vapor images

in the cases of heavy rainfall with CC development and shrint
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b)SFC 2003 8. 26 18UTC c)850hPa 2003 87 26 12UTC

d)700hPa 2003.8.26.12UTC  ¢)500hPa 2003.8.26.12UTC

Fig. 6.2. a) Schematic figure of CC development, b)synoptic figure of mT and
a warm front, c)850hPa weather chart, d) 700hPa weather chart, ¢)500hPa
weather chart, f)200hPa weather chart on 27. August. 2003.

114.0mm, 1A A4S 100.7mmE 7] =3t} (Fig 6.3.)
Fig. 64 e), o] 9IAGSE B, SAHA2E7F -60C=E 73k dFA F+E0]
or

2,

Gl E HebdE dAZage] Aol 0mm/h ol del 3
s

B te] e UE s} BEEa B Eo
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Table 8. Hourly precipitations at Hongdo from OOKST to 09KST

2003. 8. 27,
time 1 2 3 |4 |5 |6 ?ﬁily %cip.(l44.0(r11&1))7 \
- our Max. precip.(100.7mm
thour Max. precid- .5 199.0 05 5.0 |- -
2t as 2':":'3.':'8_.2?.0.“"1 27._&2?.‘ E?TDSH 27.04hR 27.05h o
e < .

= l____p-.m._yl.uh-uuh..l.l.l.\

Fig. 63 Tlme series of precipitation from AWS at Hongdo from 00:00 KST 27
to 09:00 KST 27 August 2003.

a) AWS RAIN(day) b) RDR CAPPI c) LGT KMA Dlst
‘Q . A _)‘-f‘-"--"‘\ E v T i R
.,.ﬁ W . |}

b‘sk o ; -k

Fig. 6.4. a)Daily accumulative precipitation, b) CAPPI radar images, c)
30-minute lightning distributions, d)GMS satellite images for water vapor,
e¢)GMS cloud Top Temperature, f) GMS cloud Height. at 03:00 KST 27 August
2003.
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Fig. 6.5. Analysis charts at 0OUTC 27. August. 2003. a) 850hPa Moisture Flux,
(b)850 hPa Equivalent Potential Temperature(3K) (c) K-index
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2. 2003, 7. 20.9 AMH(II)

20039 7¥ 20¢ mAe waEAAo e FHNIEL DA A 2003
9 74 19¢ 16A14 AdE 942 Maldom vemwA 20039 74 20
A 06A1 el Holakgel 571 AlAtste] 79 209 12410l @A HolM Aol

Hge ARG SEEAY. 2y AFE GHAEHE OAHNAM =ant

AA
5940 WEF FAH WAL mIARAe AFEA A5, £

W5l AAg A7t FRtE 2ol AFARAA DA Yo GAHFH

7 EQhgol fatEE Xxo] FAH Aot 500hPad
NEoll M= M oR datze] PAH ol mT7HdA2] (5820gpm)S whet &
EAo] Ayar o, Warm Sector

7F BA4Ea 3 gl @] o= thrlEetd 2ol A H Atk
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a) b)
formation first development transition

i Iormation e (2003 7 19 16KST) (2003 7. 20 OIKST) (2003 7 20 06KST)

2:development
Jitransition
4:heaw rain

*

disappearance formation secondary dveloprnent cyclone formatlon
(2003.7.20.12KST) ~ (2003.7.20.13KST) (2003.7.20.16KST) (2003.7.20.19KST)

Fig. 6 6. a) Schematlc figure of CC movement b) GMS water vapor satelhte

images in the case of heavy rainfall with CC development and shrint

a) sfc 2003 7. 20 OOUTC b)850hPa 2003. 7 20. OOUTC ¢)500hPa 2003. 7 20. OOUTC

25/ 25 .53

gzssgfw

29 )
BT/(( 472an £Vl

Fig. 6.7. a)Surface weather chart, b)850hPa weather chart, ¢)500hPa weather
chart on 20. July. 2003.
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Table 9. Hourly precipitations at Eorimok and Jindalea from 04KST to 11KST
2003. 7. 20.

tme 4 56 17 I8 lo |0 |11 - |%ymedp o Mx pred
(mm) (mm)

Eorimok (1.0 |1.0 [1.0 (2.5 |45.0 {145 |7.0 1.0 |77.0 56.5
Jindalea (0.5 |20.5 |5.0 (6.5 |40.0 [10.5 (7.0 |1.5 |100.5 45.0

TR T
B H 5 T i 2y G5 za0 GF 100 OF 100 & 100 (R 1erzon 11 :00
B0y E| 20 28[753 : -
72 18| 28
5 16| 24
se| | 14| 22

45 1z2] 2o

dof ul 10] 187 ¥

s 16

g
24 6| 14
=1 WJM Jisl
16 i | b v
2

=} 10

(85l ) =] ;
CHS CmsedECEe TR TR R T e e e, e e e e T T e

e T e |

Fig. 6.8. Time series of AWS data at Eorimok(temp., precip. wind.) from 04KST
20 to 11KST 20. July. 2003.
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a) wind vector(2003. 7. 20.

= A Shy

08:30) b) RAIN(60min) 2003. 7. 20. 08:30
o N

Fig. 6.9. wind vector and distribution of lhour precipitation at 08:30 20. July.
2003. around Jeju.

a) AWS RAIN(day) b) RDR CAPPI ¢) LGT KMA Dist
RAIN(day) = ~ 7 ::'n TR o] “ Wk = Si%;iﬁﬂi

2003.07.20 OB(KST) K.M.A [08:00]
TRareL Y
.T
o ) N 4|[07:50]
[07:40]

[07:3a]
107:24]

[07:14a]

N N o & el
e)GMS Cloud Top Temp. f)GMS Cloud Heigh
k B e = |

| 93 Fay

. LN T i - ; r g
Fig. 6.10. a)Daily accumulative precipitation, b)CAPPI radar images, c¢)30-minute
lightning distributions, d)GMS satellite images for water vapor, ¢)GMS Cloud
Height. at 04:00 KST 20. July. 2003.
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el e Aow e} Sdddduge] Sgolga oA,
CT(L=} total = 850 hPa Td - 500 hPa T)& ¢F 14, VT(134 total = 850
hPa Temp - 500 hPa Temp)ol A %= 18 TT(F total=VT+CT)= 31% %7}

40l gkl

Table 10. Temperature and saturation deficit at Kwangju
Temp(TC) T-Td(C)
850hPa|700hPa|500hPa|850hPa|700hPa| 500hPa

Change tendency | preceding time

2003.8.27.03kKST| O00UTC(-18h) | 20.2 9.0 -5.3 22.0 | 48.0 7.0

(development) 12UTC(-6h) 18.4 7.2 -4.7 9.0 0.5 0.9

2003.7.20.04KST | 00UTC(-18h) | 20.2 8.8 -7.1 8.0 7.0 1.9
(disappearance) | 12UTC(-6h) 19.2 8.0 -7.3 12.0 7.0 9.0

Table 11. Instability index before 6 hours at Kwangju

Change tendency K-index SSI CT VT TT
2003.8.27.03KST
32 5.6 13.7 17.5 31.2
(development)
2003.7.20.04KST
) 39 -2.4 19.3 10.2 29.5
(disappearance)

(Instability index criterions CT: 18, VT: 26, TT: 44)
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Fig. 6.13. OOUTC and 12UTC of Auxiliary analysis chart on Jun 10th 2006.
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a) 2006. 6. 10. 15:00

g & 3 ® a2 g 1 .

Pt &5 2 3

Fig. 6.14. Windectors, CAPPI radar images at Jindo MCUT radar at a) 15:00,
b) 15:30, ¢) 16:00, d) 16:50. on June 10, 2006.
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a) wind vector 2006. 6. 10. 16:23 b) U-wind(10min) 2006. 6. 10. 16:23
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Fig. 6.15. a)wind vector b)U-wind(10min) ¢)V-wind(10min) d)Conversion of wind
field in 10minute aroud Jeju. on June 10, 2006.
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Fig. 6.16. a) Precipitation per hour in eastern area, b) a distribution chart of
precipitation in a day on Jun 10th 2006.

T eNe

Fig. 6.17. Schemetic figure of CC movement a) synoptic field and b) wind field.
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a) 2007. 10. 25. 02:33

R

__:'- -

h) 2007. 10. 25. 05:00

e

d) 2007. 10. 25. 05:33

-

i

Fig. 6.18. a),b),c),d) MTSAT-IR SIR and e),f),2),h) RADAR CAPPI
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b) 2007. 10. 25 04KST

Fig. 6.19. Wet numbers and moisture advection(upper), 1000hPa stream line
at a) 01KST and, b) 04KST on Octover 25, 2007. and ¢)MTSAT®] SST
2007. 10. 24(one-week average)
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