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ABSTRACT

A Study on the Meteorological Characteristics Associated with
Heavy Rainfall Case of July 9, 2009 Using KLAPS Reanalysis Data

Jin-A Kim

Advisor : Prof. Ryu, Chan-Su Ph.D.
Prof. Lee, Jong-Ho Ph.D.

Depar tment of Atmospheric Science

Gradate School of Chosun University

In this paper, meteorological characteristics associated with heavy rainfall of
July 9, 2009 and its developing mechanism were examined by analyzing synoptic
weather pattern and dynamical index obtained from KLAPS (Korea Local Analysis
and Prediction System) reanalysis data. The KLAPS developed by Korea
Meteorological Administration has some advantages of producing high—resolution
reanalysis data with temporal resolution of 1 hour and spatial resolution of 5 km
and assimilating intensive observing data from wind profiler and marine
observation vessel. The dynamical indexes used in this study are instantaneous
contraction rate (ICON), horizontal velocity gradient tensor magnitude (MAG),
helicity, and superhelicity.

The synoptic weather analyses showed that heavy rainfall is caused by low
system along the Changma front extending from Shangdong province, China to
Japan peninsula through the central part of the Korean peninsula. This case was
largely associated with higher (333 K more) equivalent potential temperature,
strong LLJ, positive velocity potential more than 3.5x10°m?s™? at 850 hPa. Daily
rainfall with 229.5 mm in Hongcheon and 190 mm in Seoul on July 9, 2009
intensively occurred over the central part of the Korean peninsula. The main
rainfall belt moved southeastward and then reached northern part of Gyeongbuk
province at 1800 LST 9 July, 2009, as indicated in radar reflectivity and satellite
IR image.

_iv_



The dynamical index analysis revealed that ICON and MAG well separate
regions with and without heavy rainfall and the areas with positive and negative
helicity alternatively well reflect strong rainfall belt of Seoul, Gyeonggi and
Gangwon provinces. The maturity of rainfall cell can be confirmed by
superhelicity, indicating the fact that large negative superhelicity shows the
developing rainfall cell over the regions.

Finally, results from this case study showed that the high possibility of
occurring heavy rainfall is well characterized by dynamical index from KLAPS
reanalysis data. In particular, rainfall occur over the area where helicity and
helicity density is around zero.



NE

0l

=}
T

AN AHECSZ 2elLiet

[w;
—

Z2 S0 MEHE 0 A2 T

ol UCH.

K0

KD
J

)

ol

ol

&
)

-

KO

0}
A0

1o
ol
E

il

9]

~
Klo

o
Ko

KD
J

9)
20
ol

T
T
<]

-

KO

0l
00
R0

ol

Pl gy 1

110
Kir

11
OF

Ju

ilo]

H

PR A
— O O

JHEXeloA Sl THoI =€

SO0 S

J

)

Rr

9]

o

[0

o
o
Ko

KD

_

]

<

Ju

)

ol
Ly

!

ilo]

oI
ol
ar

ilo]

K0

pm

o

I:EII-/\

o 0l=S71(1993)= 1980~1990EF 2 &HOIIIS| &2

o

<10
00

83
iy

ol
=249

Egs

ZOtEEUNA M2

0| 88%Z A,

Ol TH'E (2001)

850 hPa

el

=20
TT —

10

|

It

iof

Il
o

ol

-

10

I

a0
iof

0l

Ck.

ol
H
B

500 hPa

0l=F,

J

ST M

=
S

LSS OZM EX

S22

o]
~0

0
Kio

KD

0l
Rr

_

M0

olLt €00 MJIe,

oft

)

up

gl

Kl0

9]

0L
o
<+

ol

a

n0

&3 HUz2 225X

AXAE22 Qloh

9]

Maddox(1980)= =

ALk &

2 HEAHO 28t

9]

B

5%
<+

ioll

Ell

o
%0
Jo

Ok
o

0l
r
It

Uk
Wl

Kl0

9]

synoptic

==0o=
SLLT=

PN
=

et e "HHZ, S

=

=
=

72 GEA

0
s

Kk
J

I

mesohigh event&

frontal event,

event,



=252 meso-a 22 |

il
Ik

i

ors 523719

JU

O &= Al

ol

o= E0P1e JIE X, CHREOF A2 S2 +

500 hPa
JIEt0l CH

OF AlS

o
ju—

(1983)

U ZHEY

D

Kir
DI

ol
xJ
Kl

-

KO

0l
Rr
ior

io-

-

A
Kio

9]

Kd
e

gl

E
=

40
[0

I.

KO
OF

s(1983)2

]

=
1o

m
K
iof

=

_

0d

0
iy

0

ilo]

ey
==

E Q9

Al

=
=}

S?= o

gl

0t

’

ni

e)

I
e

n

~
Klo

PN
=]

S(1995)= &tet

AEE
At
o

Park et al.(1986), O0lS+(1991),

A0l CH

SRALCE.

=2
=

o0

Ol A ElHil

M
o~

OF
o
K0

ilo]

5!

ilo]

(1999)2 ot& 2

ol

| A0 A

NE=S

=
=}

}

2 0

Lee et al.(1998)

T UCH.

|
110

Pl
)
ol
ol

&)

100
<A
K
<+

ot
ioJ
ol

_

nuJ
o

J
1}

(HO

0
<+

o]
~0

Ju

KH

1
o

o]

2
(=}

HA Ol A

&0

Bt

=1

Sun et al.(2002)2

9]

o

180

LY

Xl

’

10l
Ju



IH

11

%0
e

INE=D)I N

. defut

;.m._

BIOt LHel

b

ioJ
n0

ol
o0

g

o’

I.

3

Rr

Ju

O MIgoltt s/ MIlg,

o)

Rr

il
A

oJ
0

E
'}
ol

Ok
]I

=
1o

0l
&

Ulo

JIES =XI0

MetA ol tHse =

]I

=
1o

Ul

_

ol
K

Ju
ot

22 HAS0l EMetLt.

Ls

=
[a—

AIH G A Ol =35t G

X

=
-

Analysis and Prediction System,

A A El (Korea Local

=
-/

o

ok

K

FOI DHAIZE Off

S UM 3Kt

AXMOZ AR 24

7=

}

CHOl &EHE 3X

o

[—

KLAPS)

IH

Al

S,D‘;_]

ol

ok

xr
jild

_

ol
K

—_

=

0l
o0

o
110

<+

ol
KIr

RO

<A
J

=
JH

o Bxt

H
ol

010

At

Ao A2

b

ol
<0

I.

b Ol

=)
g
iy

0
00
xr
IH

oI
Ul

&)

s
110
e

_

i0J
o

KLAPSE &
J T2 M

~
K

=

E0ot¢

b

=
=

=2
=

XA
tO4

o

[¢]

KLAPS 2l

—

—

JtsotCt
2000 7E 282 AtION CH

(2007)

AAESE AE

o
—

{5t KLAPS THEA

H EHj| Al .

0l

t1

2006 Xlclatel 8=
o

M
o~

-

on
oll

9]

oo
ol

i

[

A0 A

ot 22
KLAPS= ==XI il

S

2007) < UALE.

s,

|
[

0l

=

=2

KLAPS

—

[a—

HOFCH MIS &

2
[

TAl

i

OlXd& KLAPS

, 2002).

=
S

X
Ju

0l

Ll

o

JI
o]
20
palll

ior

I
ol
L

J

ol

i
<+



Il A2 &

KIr
gl

A=E #E0HH

KLAPS 24
ot 2009 73 9€

HIAM=

| S )
[—L

0l

ur

Rr
or

A

A=2 A

oI

I=¥Ye}
= =

2l AlEl

Sl
=

or

19)
il
Kk

xr
jild

E=EFHEA,



2. A8 ¥ KLAPS B4
1. Xz

SclUetolA 198138 0l= 256E2te 2t XIEE L= XSEE 12 80 mm 0|42 &2
2t 13| 150 mm 0| &9 S U S
(Mo, EXMEN, StHMM, HHE, SUIISE, JIHLR, NESW)Z 2FotA
Ct. Ol0ll 25tH <eltetel sRBE= 2
Ol=2 &HIH HHMel oF 77%E XtXlat
ADIE &Zlotd, f2Uetel 22 ADle 6828 9NN ZEN &M S2PE2 <
73%S XHXIGHD JACHOIAHE, 2010).

2009 OISZE(6~8F )0 L S AtelE Table 101l LIEFHLHRICH. SR L&
S0l CHoHA HelotATH. Z==It EO0l U

o

T
ol =0 =240 2ds =X S LI e
=

K
0
2
o
1
=
-
Wh .
m|m
e
|0
g
T
b
in
ie

Hos USIIARE THI A2S ARSDIE S0, 32 Aldls & 7TH2 9
HS AHED MOES 8}, MY 50, HEREOHN 30, OISO EHZ0| 204X
o2 BEE A 1H0ICH S5l 20009 72 529 (RS FOIFMY FHoR
YME 2O LIEHGD

Table 1. List of heavy rainfall cases in 2009.

Per iod Rainfal | amount (mm) Type
2009.6.2~3 IndJe 118.5, Seoul Kwanak 51.5 Convective instability
2009.6.9~10 Sogwipo 84.5, Geode 61.5 Low
2009.6.20 Kunsan 105.5, SeoCheon 103.5 Low with front
2009.6.21~22 Miryang 112.0, Masan 106.0 Low

2009.7.2 Seoul Gangseo 127.0, Guri 107.5 Convective instability
2009.7.6~7 Busan 310.0, Masan 268.0 Changma front
2009.7.9 Hongchon 229.5, Chunchon 200.5 Changma front
2009.7.12 cheon 304.0, Suwon 272.5 Changma front
2009.7.13~14 Chunchon 201.0, Hongchon 193.5 Changma front
2009.7.15~16 Busan 354.0, Sunchon 288.0 Changma front
2009.7.17~19 Hongchon 144.6, Wonju 134.0 Low with front
2009.7.21 Andong 129.5, Mungyeong 92.5 Changma front
2009.7.23~24 Sogwipo 130.0, SeongSan 99.0 Changma front
2009.7.27 Sunchang 110.0, ImSil 47.0 Convective instability
2009.7.28~29 Wando 136.0, SeongSan 91.0 Changma front
2009.8.11~12 Tongduchon 355.5, MunSan 304.0 Typhoon
2009.8.26~27 Baengnyeong 132.5, Cheorwon 131.0 Low with front
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Table 2. Data used in KLAPS reanalysis.

File format

Observation interval
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Table 3. Intensive observing data employed in KLAPS reanalysis.

Station Observation interval Starting Time Terminating Time

Ul leungdo 12 hour 2009-04-02_1200 2009-09-30_1200

Haenam 6 hour 2009-08-24_0000 2009-09-10_1200

Gisang 2000 6 hour 2009-08-24_1200 2009-09-06_1800

ledo 6 hour 2009-08-25_0600 2009-09-06_1800
MEdgs st LLFAHNEES 5 km FA(Fig. 1)0I04, ECMWF (European Centre for

Medium—Range Weather Forecasts) A2 E AIZ20I0H ME2Ao HE A 2 ARAA 8

=
FHotALE. ECMWF XtE2= =8 oHatEoF 0.25° x0.25° 0104, 6AI2H 2+ X+=0IC.
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Fig. 1. Domain in KLAPS reanalysis
and its topography.

. 22 KLAPS ME4s datsh)] et MAEE UEHH d0ICH. 5 km S0l CHet

ol

[y Wt

g
S ot AGHH WRF v3.1.1= 0IE0t0 24A12t 2HHCZ 25A12F OISS =
O A

HT o2

M, Of M +EHCl BHEES datot)]l !t WRF D18l 22 A Kol CHol

J
L
ol
1S
oW
=
o
m
o
C
=
|
=
3
D
>
wn
o
=
=l
o
o0
—
[
pg
0
wn
3
~
—
o
=
[«p)
=
o
m
o
o
p=
o
»
=
rJ
N
I
10
HU
Ja



AH

oOIIM

FO{ ECMWF

110

010

= 0IE0t0 A AtScte 2= TU=2 20094

ks

bH

| 2

A

OH

=l

F

&

S

ECMWF
Analysis Data

FCST 25 hr

Grid FDDA
{6-h interval)

background

¥
000000000000 FOC®COCOSTDS TSP

ion

L

Observat

Reanalysis Data
{1-h, 5km)

Fig. 2. Process of KLAPS reanalysis.
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T4 ) ¥z 130 T3z 24 26 i) 13 Taz

Fig. 4. Rainfall distribution of (a) total summer and (b) July in 2009.

(a) Summer (b) July

% ¥ ¥ 730 T3z 4 % i) 745 3

L = £ — = — B
Below normal normal above normal

Fig. 5. Rainfall anomaly distribution of (a) summer and (b) July in 2009.
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Of A-0IA &H = 20098 78 9& Atdl= MIIgsS SEHE HOIMA0l 5= &S
BIZOA <elliet S2XES XL 285 2oz 2H Us UM ME2Z
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Ol Atdilel 222 22X SAZS A4HEH, M82 Z&s ZJ| A9 2JAE XA
Ol A 2009 7& 90l 150 mm Ol&tel A== JIZotULH. 0 & & 229.5 mm
=& 200.5 mm, A= 190.0 mm, & 184.0 mm, =& 160.5 mm, /Al 150.0 mm S

=2 SR 2=t EsH2=Z WL
(a) 1300 LST 09 JUL 2009 (b) 1400 LST 09 JUL 2009 (0) 1500 LST 09 JUL 2009

Valid: 0400 UTC Thu 09 Jul 89 (1300 LST Thu 08 ful 09) Valid: €500 UTC Thu 09 Jul 08 (1400 LST Thu 09 Jul 03] a 09 Jul 09 (1500 LT Thu 08 Jul 09)
s v s v v

aaaaa

uuuuuuuuuu

(d) 1600 LST 09 JUL 2009 (e) 1700 LST 09 JUL 2009 (f) 1800 LST 09 JUL 2009

Valid: UTC Thu 0B Jul 08 {1600 LST Thu 09 Jul 03) Valld: @ 03 Jul 09 (1700 LT Tow 08 alid: UTC Tha 09 Jul 09 (1800 LST Thu 08 Jul 03)
JE et ot

Fig. 6. Hourly rainfall distribution on July 9, 2009 : (a) 1300 LST, (b) 1400
LST, (c) 1500 LST, (d) 1600 LST, (e) 1700 LST, and (f) 1800 LST.
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Fig. 62 20093 7& 92 1300-1800 LSTS| 1AlZ2t+=& 2= LIEHH HAO0ICH. Fig
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N 8222 UWele Zd+= 1600 LSTOHl XtE M2 NE2 HoL d&ole 25
2 B 0(Fig. 6d), 1700 LSTREH A2, 2| & 2& X0 28 2= D
X oot 5 XG0 &2 F=JACHFig. 6e). Fig. 6f0A 1800 LSTH = &=
S22 X0l 20 mm Ol&tel 28t 200t LIEILIO, O Z==U= 0lF Bz ¢
S&ot] UABE BHFUCH

Fig. 70 X&ALIETE B¢ 78 92 03 LSTH &MSEtE 220 995 hPall MII&
Ol /IXIH A, ZI2tez J|dB30l SUHLI| AEGHACHFig. 7a). 78 92 09 LST

, &8
= Mollaf0ll 991 hPa2l MII&0l ?AXIGHACH. 0 MIlZg=2 MoilE XLIEHAM 2ot
O

Surfuce MSLP(LPa) Yalid: 1800 UTC Wed 08 Jul 08 (0300 LST Thu 08 Jul 08) Surface MSLP(hPa) Valid: 000 UTC Thu 09 Jul 08 (0900 LST Thu 08 Jul 08)

@) O T

Fig. 80lA 850 hPalt 700 hPa LJlT= K& MII0 UHSotH ASBE 2200
MIIZ0l UUCHFig. 8a-b). MSEE JI220] H 260 MHSRHAN FAXISHA
O ZOHEH0l Saotd SSEX0 AXotd JUAAJCH Keltet F222 JIgE It
ZHEAN GAFIH ZotH RN =tE0l 2o T 500 hPa &fE I = 0IA
fellict= 5820 gom&t 0l M= £20 AXotA L, S N0 1==0] 4=

CH(Fig. 8c).
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Vadid: 0000 UTC Thu 09 Jul 03 {0900 LST Thu 08 Jul 08)  Dutaset: CSO7 RIP: BT Valid: 0000 UTC Thu 08 Jul 03 (0900 LST Thu 08 Jul 08) Duteset: CSOY RIP: HT

(b)RT

Valid: 0000 UTC Thu 08 Jul 03 (0900 LST Thu 08 Jul 08)

Fig. 8. Geopotential height (unit:gpm) and temperature (unit:C) field at 0900 LST on
July 9, 2009 : (a) 850 hPa, (b) 700 hPa, and (¢) 500 hPa.

850 hPa dilOICI BFAFE=2H MTSAT Z&at0ilA 78 98 0900 LSTUl= =X&E2=2 35 dBZ
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DEAL M 222 20 UHEfUHD A2 =0 50 mmel Z==&= 2/ALH 0 2= =2
= SESHOIHA =AY 2AS XLl 28 HIE WHWRACHFIg. 9).

Dataset: CS0Y RIP: BAD  Valid: 000D UTC Thu 08 Jul 08 (0800 LST Thu 08 Jul 08) Dataset: CS07 RIP: BAD  Valid: 0600 UTC Thu 0% Jul 08 {1500 LST Thu 08 Jul 08)
1w E 1S E 1
(a) Hfiw«“w“b/ﬁ,“ (b)
AR LY
AR BTN EE I & 4
Ly =it =g /M}«’J i
FAF T Bl &
s A By
/:/E R\ \FL\._\f/J/,, '?‘.yw‘ ¥
Pt

“LM“LMM&-—\VMQWV‘{' S/J’-
\L‘FLLL“*—“-—\»—WVQMW/V}
&LLLLLL\L,MV&/JJJJ

Mw\“"*’“"’-’”s’s/dg/s/{;ﬁ/

[

D i i

Fig. 9. 850 hPa Reflectivity (unit:dBZ) and wind (unit:m/s)

distribution obtained from radar at (a) 0900 LST and (b) 1500 LST on
July 9, 2009.
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i Valid: 6600 UTC Thu 09 Jul 09 usuu 197, 00 k00
5 Equiralext. potential temy
vt o 7 e Hartnial Find vetors

(b) (c)

Valid: 0700 ll'l‘c ’mu W Jul 09 (lsDD Li’r ’rhu 09 Jul 09) Valid: 0800 UTC Thu 00 Jul 02 (ﬂnu Ls’r Thu 09 Jul 09) ‘Valid: 0800 UTC Thu 09 In_\ 09 (JEUD Ls’r 'rnn 08 Jul 09)
Bquiraient pateut B850 bPa Equivalent. potential tempe A pressure ~ B50 bPa ‘Bquivalent potential temper 850 bPa

Hirontat Fim o poamre = 85 Hea Hortzontal wind veclors af' pressure = " 856 1Pa Hortzontal wizd veelors af prusl:r! " 80 hen

e (e)

Fig. 11. FEquivalent potential temperature (shading) and wind (vector)
distribution at 850 hPa on July 9, 2009 : (a) 1300 LST, (b) 1400 LST, (¢) 1500
LST, (d) 1600 LST, (e) 1700 LST, and (f) 1800 LST.

B2 ZdiotH 3I&d 822 UEUH= R =(stream function)2t =& - ZAtS
LIEtH= &% H1E1|/*"(ve|00|ty potential) 822z REE = JUU. STHEE2 &
500 hPalOlld HEl 02! gt= LIEFHLHO 500 hPaE HIZ 4t N&ety) otIlE StCh. E£&t
Ol gt0l 8¢ BRE= L4rS LIEHHMH, Lo A= FHBIIIF 8ot JUSS 20
=0 e 20l 240 2= DIILH(AIHYEE) sIdS UEUH, S50 &
L= MIILH(BEAIA 2&) XS 20Istth. Tetd |A&2 £EHEEES 22
WA ATHECEZM BHetel 22 L S42 20 I dm=E2 &= At

SEEHoz & RN ZA4F9 X0 XS AWOILE HOHXIZH S&ES
SEGIAL 4E282 SMAI=E N8N 8552 Itsd0l CHBFXSIIAE,
2000). 850 hPall R&EE BH E=2 X0 Ut&0l =80t UM, Mol & - ¢
SoHANA ReLiet SR EEXNYUCZ SISHEI €450 SAMIISIH otH &
2o UCHFig. 12)
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Fig. 12. The same as Fig. 11 except for wind streamline and speed.

otE il =g 23U EMN L fIXE
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&0l HXILD otE MEIJIFUH st s&2
2300t »edE M O XEUHME .
Fig. 132 2009 7€ 92 1300-1800 LST2| 850 hPa =S HEI&Z(SH ) 2
S4M4 AW)ES UERC. SEHEES 229 g2 JINH 8ot 229 g2 IHNY
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g0l 20 Jtsd0l =0 Fig. 13a—cOlA 1300, 1400, 1500 LSTOIl 850

BIOIA 3.5x10°m’s > Ol&tel 28H 29| 22 JIX £=FFA0 S2XAU A6
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SoH&0AM LIEtS2M, 8tte HZ0
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Valid: 0400 UTC Thu 09 Jul 99 (1300 LET Thu 09 Jul 09) 116 0000 VT Thu 09 4ul 09 (1400 LST Th 09 ul 03} ‘;,al‘i;idlofvgﬂllﬂ'ﬂ 0Ll Ao e O £
Teloci ‘at preasure = B30 hPa ity P i

o

Fig. 13. The same as Fig. 11 except for velocity potential (shading) and wind

speed (solid line).
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2 90l |20l PIXICHRALM, E£8 1600 LSTOH = SRX 0 S2 SZIHE
& ooz LMGtD ASS L = URUCHFiIg. 14d). 1700 LST 0IF Zatel A=
X AGHXIO, 1800 LSTOl SoHAMAM S SH0l LIEHGCHFig. 14e-f)

OIX2Z 850 hPa =0IA otE =8, 350 hPa D UIA &SEAS AXZA & -
ot & 201 ot 0oLt 210t 2 MIIgd ANA"EeZ 2JF R0l Zast
AE 2 = AUL
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Fig. 16. Hourly stream function (shading) and velocity potential
from 0500 LST to 2000 LST on July 9, 2009.
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Fig. 19. The same as Fig. 17 except for helicity.
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Fig. 20. Superhelicity on July 9, 2009 : (a) 1300 LST, (b) 1400 LST, (c) 1500 LST,
(d) 1600 LST, (e) 1700 LST, and (f) 1800 LST.
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Fig. 21. 1-hour cumulative rainfall (shading) and 3-dimension helicity (contour) at

850 hPa on July 9, 2009 : (a) 1400 LST, (b) 1500 LST, (c) 1600 LST, (d) 1700 LST,
and (e) 1800 LST.
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