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A study on Mesoscale Convective System in
the Southwestern Sea of the Korean Peninsula

In summer

Gyoung-Hun Han

Department of Oceanography
Graduate School of Industry
Cheju National University

Supervised by Professor Suk—-Hun Yoon

Summary

When heavy rain occures in Jeju region, it is usual that the daily mean
precipitation is 120~140mm and the hourly rainfall is 40~60mm. The
maximum value of daily mean precipitation is 189.9mm in the early part of
July. The highest frequency of heavy rain occurrence is from the latter
part of June to the early part of July, from the latter part of July to the
early part of August and latter part of August. The former is due to the
period of Jeju’s Changma season from the middle and latter parts of June
to the middle and latter parts of July. The latter 1s caused by convergence
area located in front of tropical depression which is weakened from
typhoon or by the influence of typhoons. Its usual occurrence is at early
momings before sunrise or late evenings after sunset. The distinction of
convection system in summer is 10~30km of horizontal scale and 1~3hr
of time scale. It is equivalent to meso-B of Orlanski’s(1975) scale

classification.
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In the summer of 2003, various mesoscale cloud clusters has developed
and influenced Jeju region and the southern coast of Korea while the low
pressure accompanied by Changma front travelled over the yellow sea and
the East China sea. Its examples were chosen the mesoscale line-type
cloud cluster in front of cold front over the Yellow Sea on the morning of
July 3, 2003 and the mesoscale oval-type cloud cluster suddenly developed
near Jeju province at night on July 18. The former shows that the depth
of convective rain band in front of cold front is lower than the depth of
cold front and accompanied precipitation 1is relatively less than the
precipitation of cold front. The two rain band at 03:00 KST of July 3 are
distinctive and the horizontal distance between them is 13.7km. The rain
band in front of cold front continued 3 hours and created medium sized
rainfall, when the convective rain band accompanied by the cold front
approached. There is strong wind over 15m/s at surface and low-level jet
1s appeared at vertical structure. The shear vortex connected with the
low-level jet is closely related to the development of the convective rain
band in front of front. The latter, mesoscale oval-type cloud -cluster
accompanied by thunderstorm and southwesterly created linear radar echo.
Some parts of radar echoes is caused by the convergence and forced
convection due to Mt. Halla’'s orographic effects, resulting in 20~30mm
rainfall by hour in northern, southeastern Jeju and mountain area when
mesoscale cloud cluster travels over Jeju region. It also shows very
different distribution of the change of wind direction. As a result of
analysis the vertical structure from the sounding data at Gosan site
located in the western Jeju, there are strong unstability layer in the

middle atmosphere and strong low-level jet in the lower atmosphere.

Key word : Mesoscale Convective System, Heavy rain, Changma front,

Cloud cluster
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Table 1. Locations of weather observation stations in Jeju Island.

_ Region Station Latitude Longitude Elevation (m) Remarks
North Jeju 333 3391”7 167 317 ALY 2.0 JRMO
Yusuam 33 24" 3B574"  126° 23 M671" 4290 AWS
o Seonheul  33° 27 30575 16° 42 £2830° 3600 "
South  Seogwipo 33° 14’ 34214"  126° 34’ 02501" 05 JRMO
Seogwang 33° 17 06073"  126° 18 07.903" 1460 AWS
~ Namwon 33 16’ 47881" 126° 43" 15104" 730 g
West Gosan 33° 17" 26006 126° 09° 53.3577 717 JRMO
Marado 3701257 16° 167 102487 490 AWS
Hallim 33 24" 37816 126° 16" (2.247" 480 g
Moseulpo  33° 13’ 00.047"  126° 14" S0.902" 200 "
East Seongsanpo 33° 23" 00.78%"  126° 52" 56.812" 175 JRMO
U-do 33 0 BT 126° 57 121677 1280 AWS
Gujwa 33° 31" 213617 126° 517 06.739” 400 "
Gasi 33 21' 13625 126° 46" 18213 1000 "
Mt. Halla Eorimok — 33° 23' 31412" 126° 29" B771" 9700 AWS
Seongpanak 33° 23° 04318"  126° 37 982" 700 s

Table 2. Observations and time schedule in KEOP-2003 (6.20.~7.20.).

Station ' Equipment Element Unt -

Site Period Rainfall
Surface 22 (KMA) AWS  Temp, Wind, Prep | min data 1 min data 1 min data
Gosan rawinsonde Temp, Wind 2 times/day 2 times/day 2 times/day
Heuksando " " 2 times/day 2 times/day 2 times/day

” "

Upper air Haenam  autosonde " -

(GGoheung rawinsonde " - " "
4 times/day 4 times/day 4 times/day

10 min data 10 min data 10 min data

” "

Gwangju

Radar Jindo

S-band reflectivity




o«
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« *Goheung

*

Fig. 2-1. Observation sites for KEOP-2003 (6.20.~7.20.).
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Fig. 3-1. The frequency of daily heavy rainfall over 100 mm/day (2001~
2005) (a) by season and (b) by svnoptic condition pattern.
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Fig. 3-2. Monthly (early * mid - late) (a) mean precipitation intensity and (b)
frequency of heavy rainfall over 100 mm/day in summer (2001 ~2005).
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Fig. 3-3. The frequency of daily heavy rainfall by group (2001 ~2005) (a)
over 100 mm/day (100.0mm<120<130.0mm, 130.0mm<140<150.0mm and so
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Fig. 3-4. The time series of frequency of daily heavy rainfall over
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Fig. 3-5. Regional frequency of heavy rainfall occurrence (2001~
2005). Numbers represent daily precipitation over 100 mm/day

and parenthesis is hourly precipitation over 30 mm/hr.

- 11 -



Table 3. A extreme maximum precipitation records by daily and

hourlv in Jeju Island (1927 ~2005).

B Daily ( mm/day) Hourly (mm/hr)
Rank  Station Precipitation Date |Rank  Station  Precipitation  Date
1 Seogwipo 365 19607020 1 Jeju 1050 19270911
2 Seogwipo 3040 1940811} 2 Seongsanpo 101.0 1981.08.10
3 Seongsanpo 3020 19960702 3 Jeju 100.2 1986.08.18
4 Jeju 301.2 192709111 4  Seongsanpo .0 2001.07.10
5 Seongsanpo 2965 19920812 5  Seogwipo RS 1996.07.07
~ 4.0 - . -
é 3.0 ot . .
v ¢ o
5 20 _— 3 cree R
v 1.0 *00 :.00 0’:’ .
E ot
0.0
0.0 5.0 100 150 200 250 30.0 350

horizontal scale (km)

Fig. 3-6. The distribution of horizontal and time scale over 30 mm/hr
heavy rainfall on MCS in Jeju Island (2001 ~2005)

-12_



R

A9 574

=
i=]

2. 20034 o

Foll vreR 20031

A
o

3

< GOES-9 914

Fig. 3-7

T ol A

A4

el ol zmzh vEhg

At

3

ke

(line-type cloud cluster)&

9] o]

& ol =Z7b YErstTh

15km A= "golA diF

ok
2

A71%F

o] 7-%-(Fig. 3-7b)+=

]

172

qr
Hlo

o

At A

2] (oval-type

=
=

;F_

)
%c

Gl

o

cloud cluster)”} YE%ETEH

FAGel = 79 179 23:00 KST9F 189 03:00 KST Akolel Alztd 20~

Els

o] Tf

Al

=
T

g el g Aol B R K SR Y

pA

g 2003

G

)

i

Y
w
.
gase)

O
X0

oF

A}
S,

47z 543} 1 7]

7)ol <

=

2ol g A %

==
=200

:rL

_13_



(line—type cloud cluster

Fig. 3-7. The dimensions and shapes of cloud clusters appeared over
the Yellow Sea and the East China Sea in the summer of 2003. (a)
line-type cloud cluster 2 July, and (b) oval-type cloud cluster 17 July
2003.
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(a) 2003372 22 21 KST

W wE a BT

{b) 20034 78 3

{03 KST

(¢) 2003A 78 32 09 KST
, P

-
ﬂ”‘
-

Fig. 4-1. Surface weather charts of the heavy rainfall cases by MCS on
(a) 21:00 KST 2 July, (b) 03:00 KST and (c) 09:00 KST 3 July 2003.

RAIN

2003.07.02.00:00-07.03.24 :00 L

Fig. 4-2. (a) Daily accumulated precipitation from 00:00 KST 2 to
24:00 KST 3 July 2003. and (b) l-hour lightning distributions
from 21:00 KST 2 to 03:00 KST 3 July 2003.
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(b) 850hPa Temp.

A KLAPS =

(a) 850hPa Humidity

KMA/RLAPE

(c) 925hPa Humidity

NMA °KLAPS

Fig. 4-4. 80hPa and 925hPa analyses of  specipic humidity (a, c)

temperature (b, d) at 21:00 KST 2 July 2003. Wind bands are also shown.
Low level Jet is shown by the circle line. Black dot marks Haenam station.

_19..



3A%F 44 9143 dol JHAR(Fig. 4-6)F AHuw, 79 29 1800
KSTl et 5549 Asgols] e dFAEz ojojd Fitw
TE FeEel weau 9w, dubE GAR Aod e edde sk
Wt sl HEbstTh AlRbo]l Al met o] 5o A E o HAAYH =
237 AZssieh 79 39 03:00 KSTol Zvlxdadel] Eubel #7]gke] ahut
= oEA A el 91X wf o]l ERbE A 7]QHFe] Aol Aal el Fol

A e}, o] AWM WY FHE FEFIE 9YILL ool TRI

As Arm Bt o] AlZbol o] ol A kel wole o a7t

=dst7] AlAbske] 3AF A O FHE FAsAT. 538 7€ 3¢ 03:00
KSTol #loly RbAL:ol A Fha il e Zheh ols ofo ofapAnt 21w

e E b w g A4 olmrh EAsdnh 945 delt Gl A i

FHE TERY, 58 dadags 1 ade R
A A - B FRE Q57 dete], GOES-9 SN w38 Sa
eE(TBBIARE ol &ato] A4 Awel A4 FHE FEFe7} Fala
el 79 39 02:25 KST, 03:00 KST % 03:25 KST¢ TBB X & &3

Botth(Fig. 4-7). dA Ao g A dFEd @7 2 A9l i
B

2
2

o Yigol EAEE A2 2 4 e

A qtEe] o2 e Wi AlEs

fr
-
oX,
it}
2
v
o
30
in}
b
ok
o
A
r
2
)



B hNanoohnoooooooo

1145UTC

Fig. 4-5. The sequence of rainfall intensity by Automatic
Weather Station network. Subsequent track of convective

cell is indicated. Stations are marked bv red dots.
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Fig. 4-6. 3-Hour satellite and radar imageries associated with line-shaped

MCS in front of cold front along the Changma front from 18:00

KST 2 July to 06:00 KST 3 July 2003.

Latitude
Latitude
Latitude

125
Longitude

124 ‘
Longitude \

Fig. 4-7. Maps of TBB from GOES-9 at (a) 02:25 KST, (b) 03:00 KST,
(c) 03:25 KST 3 July, 2003. The shading indicates the areas where TBB

Longitude

is colder than 40T
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Fig. 4-8. Cross-sections of radar reflectivity observed Jindo S-band
radar at 03:00 KST July 3, 2003. AA’ and BB’ lines denote the
locations of strong reflectivity for the frontal and prefrontal convective

rainbands, respectively.
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Fig. 4-9. Profiles of equivalent potential
temperature obtained from upper-air soundings
from Heuksando, Gwangju, Gosan, and Haenam at
(a) 21:00 KST 2 July, 2003 and of Heuksando and
Gwangiu at (b) 03:00 KST 2 July 2003.
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Fig. 4-12. Surface weather charts of the heavy rainfall cases by MCS on
(a) 09:00 KST and (b) 21:00 KST 17 July, (¢) 09:00 KST 18 July 2003.

REIN 2003.07.17.21:90-C7.18.03:00 £ 2003.07.18.03

Fig. 4-13. (a) Daily accumulated precipitation from 21:00 KST 17 to
03:00 KST 18 July 2003. and (b) l-hour lightning distributions from
21:00 KST 17 to 03:00 KST 18 July 2003.
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Fig. 4-15. Auxilary analysis charts at 21:00 KST 17 ]July,
2003 from KMA RDAPS (Regional Data Analysis and
Prediction System) (a) 850 hPa Moisture Flux, (b) 850 hPa
Streamline and Isotach (>25kts), (c) Showerwalter Stability
Index for 80~500 hPa, (d) K-index, (e) 850 hPa Equivalent
Potential Temperature(3K) and (f) 200 hPa Divergence (10E
- 6/sec) and Isotach (>50kts).
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1600 UTC : 1800 UTC

Fig. 4-16. The sequence of rainfall intensity by Automatic Weather
Station network. Subsequent track of convective cell is indicated.

Stations are marked by red dots.
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Fig. 4-17. 1-hour satellite and radar imageries from 24:00 KST
17 Tuly to 02:00 KST 18 July 2003.
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Fig. 4-18. Maps of TBB from GOES-9 at (a) 23:25 KST 2
July 2003, (b) 01:25 KST and (¢) 02:25 KST and (d) 03:25
KST 3 July, 2003. The shading indicates the areas where

TBB is colder than 407TC.
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Gosan
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Fig. 4-19. Profiles of equivalent potential temperature obtained
from upper-air soundings at Gosan from 00:00 UTC 17 July to

12:00 UTC 18 July 2003.
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Fig. 4-20. Distribution of 30-min. wind vector over Jeju
(a) 24:00 KST 17 July, (b) 00:30 KST 18 July, (c) 01:00
KST 18 July and (d) 01:30 KST 18 July 2003.
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Fig. 4-21. Time series of surface weather elements
observed at Jeju, Seogwipo, Gosan, and Seongsanpo
from 17 to 18 July 2003 (a) wind direction, and (b)
wind speed.
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