G hyharsp hawp hfkdglvp viri#P hvrvEdduF rqyhfwlyhi | vt v
dffrp sdglhgtz Mk#tkhiF kdqgjp dHirgwiik 043#xo| #533 :

120 T T il'ﬁ'_, T T 120 ' %"-:J ._va .
. —_ 3 , O
E E . a '.:é &
= 80T ~ 80 g - T
= = .
g g 1 |
w 401 W 40r o 1
(o] (@] a7 A
T T 'y
B of - Boor . jan " -
@] Y (@] ~r M
= = f
w  _4pt: w40 1
(& ; - 8]
= %{B A 3 Ao P
& -80r e i h 80
D . 19-* h b %‘ﬁ D

1720 1 pll- e et il }l\\A 1720 1 1 1 1 1

-120  -80 40 0 40 80 -120  -80 40 0 40 80 120

15210 LST 09 JULY 2007 2km CAPPI

DISTANCE EAST OF KSN (km)

22220 LST 09 JULY 2007 2km CAPPI

DISTANCE EAST OF GSN (km)

Mrgj X rrg#hrgi® /A6 rqjdg®dhht Vdgj® oddgi*

dgg# kxg]®F kIhk# dgj°

4G hsdup hawici# gy irgp hawddb vp rvskhulf#Z fThgfhv/ABxn | rgj# dwlrgdai gqlyhuviw| AN ruhd#

°G hsdwp hawi #H dwk# £Thg fhv/AD dwlrgddgiV dlz dgib rup ddK glyluwviw| /Wdlz dg



¢ Introduction

» Data and Methodology

¢+ A case study of mesoscale convective systems in Changma front
» Sub-synoptic conditions

» Dual Doppler radar analysis

» Upper air sounding analysis

% Summary




Introduction

% Mesoscale convective systems (MCSs) are significant rain-producing weather system during
summer season (Zipser 1982).

% Mesoscale convective systems in a moist environment around the East China Sea, which
produces heavy rainfalls to Korean peninsula, Japan, Taiwan and China.

¥ Previous studies,

» There were many studies about heavy precipitation system in Baiu/Meiyu season and region
(Ninomiya, 1978; Ninomiya and Akiyama, 1992; Chen et a.; 2003; Ding and Johnny, 2005).

» There were almost studies about favorable synoptic conditions for heavy rainfall in Changma
season (Lee et al, 1998; Sun and Lee, 2002; Shin and Lee, 2005; Kim and Lee; 2006).

» The study about MCSs over Korea is generally insufficient using observational data.
Especially, the studies about MCSs with Changma front accompanied with surface low
pressure

L)

A\

1. Purpose of this study,

» To investigate the sub-synoptic environment, structure and evolution of Changma front

with surface low pressure

2. Purpose of this study,

» To investigate the development mechanisms of two different types of MCSs accompanied
with Changma front using dual Doppler radar analysis.




Data and Methodology
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Variational analysis using dual Doppler radars (Gao et al., 1999)
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The different types of MCSs
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The two different types of MCSs passed and occurred accompanied with Changma front
over middle and south part of Korean peninsula.




Rainfall amount and rainrate

Rain rate(Gunsan)
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+» Rainfall amount and maximum rain intensity &
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» System2: 22 LST 09 ~ 4 LST 10 July 2007
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MTSAT-IR satellite image
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Sub-synoptic environment
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Vertical cross section (A-A’
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+» Vertical cross section across to surface cold front

200 hPa

to sloping frontal zone .
s Moisture advected largely and deeply on sloping frontal zone.

¢ Strong west-southwesterly wind ahead of cold front associated with LLJ, ULJ around

%+ A convergence zone appeared and straightened with height below 600 hPa, corresponding




Vertical cross section (B-B’)

07/07/10 0000LST

Pressure (hPa)
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* Vertical cross section across to surface warm front

¢ The strong cross prefrontal horizontal wind shear below 500 hPa.

%+ A convergence zone appeared and sloped with height below 350 hPa, corresponding to
sloping frontal zone.

¢ Less steeped sloping frontal zone and advected moist air compare with cold front.




Radar analysis (System 1)

s Systeml

» The convective systems (meso-a scale) were scattered within an
area of stratiform clouds to the north of the warm front.

» Convective cells developed as a line shape
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Series of horizontal reflectivity (System 1)

st
15t order ey

| 07/09 18:30 LST 19:00 LST 19:30 LST —_] [ .

st , I
system movermerb 1447 ) : |

Cellular echo was formed | = N3 R N3
southeastern (rear) edge of the 01G Ju+ + '
convective cell (N1
2nd orde Develop Dissip
20:00 LST 20:30 LST 21:00 LST
N4 N e ’
# Uit e g 1
! - :i;a'_:{?’
New cell was generated leading Convective cell§ separated.
! edge of the convective cell (N4). i

T 1j Sk bl vk bk rul} rquigthidnfuly I #sdwiugie #Hrgyhfvlyhitdhd dwb Bthp D VO#irp # ;33D VIWHie#
54330 VW HqB<iVkd| $533 :




Dual Doppler analysis (System 1) — Developing stage
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s System 1

» Strong convective region (=40 dBZ) up to 5 km

» Convective cells were affected by wind shear.

v'Strong southeasterly winds was shown near the

strong convective cells and they are merged with
southwesterly winds near convective cell band.
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Upper air sounding analysis (System 1)
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Upper air sounding analysis (System 1)
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Radar analysis(System 2)

% System 2
»Each of convective cells (meso-f3 scale) moved along the line
ahead of cold front within the prefrontal warm sector.
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Series of horizontal reflectivity (System 2)

Developing
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Dual Doppler analysis (System 2) — Developing stage
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s System 2

» Strong convective region (=40 dBZ) up to 6 km.
»Mainly southwesterly wind flow showed around the
convective cells with warm and moist air.

> Strong updraft (9.5 ms™?) and downdraft (11 ms?)
intensified at the core of strong reflectivity region.
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Upper air sounding analysis (System 2)
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S“ffgce 2.076 4.734 1.378 2.435 4.772 2.029
3~6 2.506 4.72 2.803 1.241 1.143 1.443
6~12 5.061 8.041 5.404 1.473 2.803 1.485
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Upper alr soundlng analysis (System 2)
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Table 3. Environmental parameters by upper-air sounding
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Parameters

21 LST 09 JULY

07.

03LSTI0JULY . cAPE (=408.94) value showed

07.

little instability.

CAPE (JKg?)
CIN (JKg?)

408.94

- » Stable layer located below
-101.26 - 930hPa (21 LST).
5.67 _




Summary (sub-synoptic condition)
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¢ In sub-synoptic conditions,

» The enhanced low pressure southeasterly ageostrophic wind.
»Southwesterly LLJ

¢ In vertical cross section across the Changma front,
southwesterly wind blew with moist air
horizontal wind shear convergence zone
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Summary (Radar analysis)
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% In radar analysis (System2),
» Single convective cells developed ahead of cold front into prefrontal warm sector

wind blew with warm and moist air in the ocean.
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The structure and evolution of Changma front
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850 hPa

*»+The horizontal gradient of
geopotential height and relative
vorticity were intense near surface
low pressure.

s A low-level warm front gradually
formed with an east-west orientation.

¢ The cold front near the low pressure
was aligned from northeast to
southwest.

850 hPa

s Low level jet (LLJ) transported
warm and moist air.
(mainly 850 hPa)

* Warm and moist conveyor belt
indicated ahead of cold front.

¢ Thermal gradient over south Korea
was strong at 2°- 4°C (100 km)
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The structure and evolution of Changma front
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850 hPa

to be responsible for generation of
ageostrophic winds.

» South-easterly ageostrophic winds
blew into the LLJ core exit.

» The enhanced low pressure induced
southeasterly ageostrophic wind and
intensified southwesterly LLJ at the
ahead of cold front.
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+ Both trough and ridge in upper
troposphere amplified.

s Accompanying the amplification
of this trough and ridge system,
the baroclinic zone, characterized
by a large geopotential height
gradient and upper-level jet (ULJ),
migrated westward.




Horizontal wind flow (System 1)
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s System 1

»Wind shift line shown at the rear edge of the strong convective cells (=40 dBZ).

»Wind was shifted to the easterly in the strong convective cells.

» Thus, southeasterly winds play important role in System 1.
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