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ABSTRACT

A Study on the Heavy Rainfall Cases Associated with
Low Level Jet Inflow along the Changma Front

Choi, Ji-Young
Advisor : Prof. Ryu, Chan-Su Ph.D.
Department of Atmospheric Sciences,

Graduate School of Chosun University

In general, heavy rainfall in Korea is mostly associated with inflow of 850hPa
low-level jet. It transports abundant heat and moisture flux to the Changma front.
In this study, synoptic characteristics of heavy rainfall in Korea from a case study
is examined by classifying heavy rainfall cases with synoptic patterns, in particular
distribution of upper— and low-level jets, western North Pacific high, and moisture
flux. The surface and upper-level weather charts including auxiliary analysis chart
and radar and satellite images obtained from the Korea Meteorological
Administration, and 500hPa geopotential heights from NCEP/NCAR are used and
then KLAPS is applied to understand the local atmospheric structure associated
with heavy rainfall.

Results show that maximum frequency in 60 heavy rainfall cases with more than
150mm/day appears in the Changma type of 43 cases (a proportion in relation to a
whole is 52%) including the combined Changma types with typhoon and cyclone.
As indicated in previous studies, most heavy rainfall cases are related to inflow of
low-level jet. In addition, synoptic characteristics based on the analyses of weather
charts, radar and satellite images, and KLAPS in heavy rainfall case of 12 July,
2009 reveal that the atmospheric vertical structure in particular equivalent potential
temperature favorable for effective inflow of warm and moist southwesterly into
the Changma front is linked to large potential instability and the strong

convergence accompanied with low-level jet around Suwon contributes to

_Vi_



atmospheric upsliding along the Changma front, producing heavy rainfall.
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Table 1. Low-level jet observed date, station, time, and its wind direction and
speed at 850hPa in case of heavy rainfall.

. 850hPa
Date Station Time Wind Wind
th/d UTC m 1
(year/month/day) ( ) direction speed(knots)
Jul. 22 Pohang 00 W 46
2000
Jul. 23 Gwangju 00 SW 40
Jun. 24 Jeju 12 SSW 40
2001
Jul 15 Osan 00 SW 38
2002 Aug. 6 Sokcho 00 SW 41
— Ju. 9 Baengnyeongdo 00 SE 51
Sep. 18 Sokcho 12 NW 3
2004 Jun. 20 Gwangju 12 SW 39
o006 Jul. 12 Baengnyeongdo 12 SW 33
Jul. 16 Baengnyeongdo 12 SW 39
207 Aug. 29 Incheon 12 SE 32
2008 Jul. 24 Pohang 12 SW 27
Jul. 7 Heuksando 00 SW 3H
Ju. 9 Incheon 06 SW 58
Jul. 12 Pohang 12 SW 50
2000
Jul. 14 Incheon 12 SW 59
Ju, 15 Sokcho 12 NW 37
Jul, 16 Gwangju 00 SW A

A 104 B dikne] A A45% 150 mm o2 83 59 59 A#HE A
A7) g olgstel by, A7Y, mT dud 2 BFIY R BRa
%o,



w dA7AEE B4 A, Avbdadel @Rt 5971 43 362 %)= T weku
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%) #o% UEhd Ao ol griddel olF el e ¥R AXedn UL
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Changma front Typhoon Cyclone mT boundary
Synoptic Type
Occurrence frequency of heavy rainfall with more than 150mm/day by

each synoptic type: Changma front, typhoon, cyclone, and mT

boundary

Changma front Changma front+Cyclone Changma front+Typhoon

Changma Front Type

Occurrence frequency of heavy rainfall with more than 150mm/day for
Changma type : only Changma, Changma combinedwith cyclone, and
Changma combined with typhoon.



Table 2. List of 25 cases of heavy rainfall recorded daily rainfall of more than

200mm for at least a station from 2000 to 2009.

Type Maximum Rainfall .
i S s R SO

Jul. 22 Cyclone Suwon 333.2 LL]J #

2000 Jul. 23, Cyclone Daejeon 227.6 LL]J #
Aug. 6 Cyclone Gunsan 310 #

o001 Jun. 24 Changma front Namhae 303 LL]J #
Jul 15 Changma front Seoul 2734 LL]J #i#

_— Aug. 6  Changma front Bongwhoa 241.5 LL]J #
Auvg. 7  Changma front Yangpyeong 320 #

o008 Ju. 9 Changma front Boeun 202 LL]J #
Sep. 18 Cyclone Ganghwa 216 LL]J #

o004 Jun. 20 Cyclone Jecheon 206 LL]J #
Auvg. 22 Changma front Seongsan 251.5 #

Jul 10 Changma front Namhae 264.5 #

Jul 12 Changma front Seoul 226.5 LL]J #

2006 Jul 15 Changma front Innje 202 #
Jul 16 Changma front Yangpyeong 285 LL]J #

Jul 27 Changma front Hongcheon 2455 #

o007 Aug. 7 mT airmass Jinju 2075 #
Aug. 29 Cyclone Buan 250.5 LL]J #i#

2008 Jul. 24 Cyclone Dongducheon 260 LL]J #
Jul. 7 Changma front Busan 310 LL]J #

Ju. 9 Changma front Hongcheon 2295 LL]J #

Jul 12 Changma front Icheon 304 LL]J #

A8 Jul. 14 Cyclone Chuncheon 200.5 LL]J #
Jul, 15 Cyclone Jindo 206 LL]J #

Ju, 16 Changma front Busan 266.5 LL]J #

@ LLJ means low level jet associated.

@ Rainfall intensity : #>50mm/1h, ##>150mm/3hr, ###>200mm/3hr.
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Table 3. Major heavy rainfall cases classified by synoptic patterns.

Synoptic pattern Date Dailsf maximum Hourl-y maximum Affec-ting
(day/month/year)  rainfall (mm) rainfall(mm) region
cyclone 29 Aug. 2007 250.5 485 Buan
changma front 12 Jul. 2009 304 415 Icheon
mT airmass 7 Aug. 2007 2075 40 Jinju
typhoon 31 Aug. 2002 870 785 Gangneung

(@) (b)

K oorty

L
B 1
[ 5 & ar T e 47
a4 AN s Uy a ik s B
& ] 1' ¥ia o *
-« . L4 A Sy
T t R A - v

(c) (d)

=Hoe

~

-:|l||.!5.._|\1 \

Fig. 3. Schematic diagram for explaining the synoptic characteristics associated

with heavy rainfall in each type.
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Fig. 4. Schematic diagram for explaining the spatial location of upper— and

low-level jets related to heavy rainfall over the Korean peninsula in

each type.

_11_



X
el

=
B

—

_z#o

()

o
__o._
N

'~E

w, 2009

NCEP/NCAR(National Centers for Environmental

Prediction/National Center for Atmospheric Research) A4 A Zo|t}. 7

=7 Wepdema &

2004, 20064, 2008

L=
il

_‘I

13

o
S

BT

749 500 hPa ¢

94

e

N

—_

o
Gl

o
)|

X
‘Z_O
—_
"o
.
¥
o
X
iz

o]

=7b 780l 7P = A e ] wEol

L7 kel 2009 = 9F 20061 9] 5830 gpm A EAde] 120 'E 7bA] sAwEFoE W

]

=

8

ur
=

el

[€)

j

At om, 9% 35 “No| Al 45 °N Alo] 9]

g}

=

|

A

—_
"o

= E7}

=

43597 WS Ty

& =
2]

1

3

Sk} 20081 F9

o)
[=3)

T

R

o}

©

8

ur
=

o
o)

{jo
<0

14
e

oF
Njo
K

%o

Bl

o

Ho

_12_



a X AN ﬂ N

WomE IR NE W W v W WE W W WK W hg gk e e e mx 0 WE e WL e o
(c)
i

J,T,%:m Physicol Sclaacas Olalon
— —— £,
= S :
m CA s r_ ;
AL/ RN
il 14 : ‘\_\I Nt
/ ] e = i
™ Wy '~.l.. ot ‘L ot
f/ ‘\H ——— J \\
w N
" Tl \ ‘
| : i
{ s
il ({‘} o {
'/\ ! / | Pl
13

I E R R
Fig. 5. 500 hPa geopotential height field for (a) July 2004, (b) July 2006, (c)
July 2008, and (d) July 2009.

_13_



~12) /\]-a]
=59 (2009-7'11
un X] HJ' 7‘(:}75‘.9_T

Al2d A7l

MR
0
g ol e o Lon o
F ° BT oMy MR T T g N oW
W B an f < T T -5 L
kg T & nEZEeZ X wOE g 2 h
oo ma = o ® o OB 4 - X 8 o ? o ®
- it — ) [
Feios 2:3%5% "RriET 23
= 03 - bl _ K-
gLz s YEw o w9
e o T oy X0 s K G < o &
o XO ‘mﬁl =0 MM 0 s m N —
T o B ok = oF ot AT ~ %R BN ~ W O
R e = o i X I N © P © N oo 7o o
] ~o o~ < =] ° OC 1T 0 ﬂ ) g =0 - OT —_— 0
N o T o - = ° ol B
Tex L F H#ﬂiﬁm, = OE e _ B
o = B H o & ™ol 3 ~ 9 o} - S eral
5 T m — Y N B = A% < o
TR R ol SRS o R THEEr 3T <+
~ Tl ° < J_M_Aw S o MM o} ﬂmo ol ~ £ W !
Tz B L o w2 B o= By . o
S 8T K ofp " O ﬂ N W T oz £
< ° o~ 2 5% ~ N o D =
™ o= 1y A WO E gL =) ™ No © o o M M = Nz
= X T _ = N 'K .
~MWA§HT meﬂWM%%mﬂzTﬁ T
SR H,Miamifw e a  DF
W%M_WE Mﬂ@%ﬂii%%%%& M
R wwﬂfggﬂ1Wﬂﬂmﬁﬂ% <=
0O [
"% %k CrEgiscizizi 3
— — o= 5 ~
MR wﬂhqw}ﬂmqlmqg MR
c2frs FliiLE SELT f .
= & e T 4 ) Py E M g o S
< o T oF mm = o NP o iy _1% = ~ & % B R X %o
ok 3 ~ W ol = 3| w E = = U
ica NS 7_ ﬂm ol ) o oE 3 wnw T an mM ﬁ_ 3
T [T o I : EO
) MJ No s T % Ho o W B @ 2 S T I = WL ~ wm ™
~A 0, e = NS | R ~ L
ur ST Mﬁ&ﬂﬁ¢w%ﬁﬂ%@igs
B PR meﬁo%%.%5@§qu£
0 ol o & R AT < o< —_ 5
; HoVﬂ# ﬂMB%HﬂFmﬁﬁmﬂﬂzT
o] 5 Moo Ho 3 i 1) N
. o EXT N LK LR
— HLL - m Uru e ‘ﬂl

H

3t

d

200613 79 27

T

A7isrel vkl

1

9

A}

=

p

oA

oleldh Fde & o
- 14 -

=



(d)

Fig. 6. Distribution of hourly precipitation at (a) 00 UTC, (b) 07 UTC, (c)

daily precipitation, and (d) maximum instantaneous wind speed on 12

Jul, 2009.
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Fig. 8. Schematic diagram for explaining the synoptic characteristics

associated with heavy rainfall on 12 July, 2009.
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405

Fig. 9. Surface weather chart at (a) 12UTC 11 July and (b) 00UTC 12 July,
2009.
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0k

Fig. 10. 850 hPa geopotential height and temperature fields at (a) 0QUTC and
(b) 12UTC 11 July, (¢) 00UTC and (d) 12UTC 12 July. 2009.
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Fig. 11. 850 hPa moisture flux(vector arrow), upper and low level jet
(shaded area) at (a) 12UTC 11 July and (b) 00UTC 12 July,

2009.
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Fig. 12. 500 hPa geopotential height(solid line) and temperature(dashed line) at
(a) 12UTC 11 July and (b) 00UTC 12 July, 2009.
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Fig. 13. Same as Fig. 12 but for 200 hPa.
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Fig. 14. (a) K-index, (b) 850 hPa equivalent potential temperature, (c) 500hPa

and (d) 700 hPa vertical velocity at 00UTC 12

vorticity,
July, 2009.
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Fig. 15. Hourly imageries of MTSAT Enhanced IR from 20UTC 11 July to
01UTC 12 July, 2009.
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Fig. 16. 2-hourly imageries of radar reflectivity from 20UTC 11 July to
06UTC 12 July, 2009.
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BB LA | E
Fig. 17. Longitude(127.0E)-altitude cross-section of temperature(heavy solid
line), wind(vector arrow), and equivalent potential temperature(light

solid line with shading) at (a) 12UTC 11 July and (b) 00UTC 12
July, 2009.
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Fig. 18. Longitude(127.0E)-altitude cross—-section of omega(shading area),
divergence(line), and vertical circulation(streamline) at (a) 12UTC 11
July and (b) 00UTC 12 July, 2009.
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Fig. 19. Sounding in Suwon at (a) 12UTC 11 July and (b) 00UTC 12 July,
2009.
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