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ABSTRACT

A Study of Convective Band with Heavy Rainfall

occurred in Honam region

Moon Tae Su
Advisor : Prof. Ryu, Chan-Su, Ph.D.
Department of Atmospheric Science

Graduate School of Chosun University

Damage due to Torrential rains occurred every year Constantly is recurring
up Constantly. Especially, it is very difficult to predict where and when
the heavy rainfall occurs due to its unique characteristics with very short
time of duration and very small scale of system. For these reasons,
nowcasting is preferred when forecasting severe weather related to
meso-scale convective system. However, it is required that a forecaster
analyzes meso-scale convective system throughly in order to overcome the
limitation of nowcasting. Hence, this study investigates the synoptic /
meso-scale analyses and lifescale characteristics of 10 cases which occurred
at Honam region for JJA, 2009-2012(Heavy rain monitoring period).

From synoptic perspective, it is concluded that convective band with heavy
rainfalls happens under the periphery of N. PAC high condition or under the
impact of it due to higher convective temperature than daily maximum one,
and large equivalent potential temperature.

On the meso-scale analysis, the horizontal and vertical radar data at Mt.
Osung, which covers the entire Honam region, is mainly used to analyze the

initiating, developing, mature, and dissipating stage of convective band.



The convective band with heavy rainfalls initiates due to convergence of sea
breeze around three hours before or after the time that the daily maximum
temperature happens. As the warm pool is formed around Honam plains, the
converging types of sea breeze from the West and South Seas are one—point
oriented or straight-lined. And the location of convergence, depending on
pressure gradient force, is around the south coast or Cheonbuk Province. At
the occurrence stage, The precipitation intensity is weak due to multiple
cells, and there are small scale of convective cells. When airflow of
surface converged, even in places where no convection cells, high-EPT Dense
zone appeared around the surface. In the mid level of 850hpa~500hpa, there
is low-EPT and showed conditions unstable state. It wasn't appeared
convergence zone in low level and mid-level.

Development of a convection band went equipped with some form. The main
factor developing the form of the primary cause tends to rely a lot form of
airflow convergence. Broken linear type also made Completed |linear type
through Cell merging. Also, It began to show authentic band moving, almost
stagnated or moved quickly in one direction or change the direction of
movement etc. When the convective cells merge, Horizontal and vertical
intensity increased, too. Thus, Increase the area and intensity of
precipitation. Vertically, high EPT zone is extended until mid-level. High
Humidity zone of low level moved to 500hpa, mid-level. Convergence zone from
surface to mid-level was stronger and updraft wind increased.

At the mature stage, the heavy rainfalls begins with strong downburst that
causes such a sudden temperature drops that the pressure and temperature
gradients reach the maximum. And the strong downburst induces the new
convergence area, called a gust front that made a kind of new convective
cells. As the area with heavy rainfalls is moving along the convective band,
the gust front is following along the system, and it" s causing increase in
wind speed and wind shift. high EPT zone wvertically rose over mid-level at
the mature stage , connected High EPT zone of high—level and low EPT of mid

level was separated left and right. High humidity zone moved to high level

_Xi_



along high EPT. Updraft and Convergence increased along high EPT.

At the dissipating stage, the precipitation weakens with dissipating
downdraft, and decreasing thermal/pressure gradient forces. Also, the sea
breeze moving into the land stops due to temperature change, the convective
band is separated or dissipated. Vertically, the portion of convective band
dissipated and is separated due to penetration of low EPT along with

northwester ly wind on high EPT area.
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Table 1. The Elevation angle list of M t. Osung.

The Elevation angle list (M t. Osung)

05 069|089 | 109 | 15 | 20 | 250 | 35 |45 | 60 | 789 | 105 | 138 | 1819 | 240

Table. 2. The capability of the radar at M t. Osung(Radar Meteorology, 2009).

capability Mt. Osung Site
Open year 2007
Company Metstar ( China )
Frequency(MHz) 2,735
Transmitter Klystron
Peak Power(kW) 750
Pulse repetition frequency (Hz) 250 ~ 2,000
Beam Width(®) 0.9
Antenna diameter (m) 8.5
Pulse Width 1.0 ~ 45
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Fig. 4. The principle of CAPPI image at 1.5km elevation.
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Table 3. CB (Convective band) case and characteristics.

Occurrence & CB in Direction of Ramfall(mm)
. ) Developmental / 1—=hour maximum
Ending time . movement .
period rainfall areas
1600KST .
broken line type
5 Jul 2009, yP Sw 38
/2300KST 5 Jul. — oval type / Sunchang : 33.5
1500KST 49
26 Jul 2009. broken line type NE / Evang : 41
/2300KST 26 Jul. yang -
1500KST 110
27 Jul 2009. line type stagnation .
/2400KST 27 Jul. / Sunchang : 68
1700KST . NE
| t
30 Jul 2009. ne ype N st
JO300KST 31 Jul. — oval type SW / Dado = 27
1400KST line type SW 50
6 Jun 2010. — )
/2400KST 6 Jun. — oval type NW / Gwangsan : 49
1200KST freestyle 96
3 Aug 2010. o NE o
/2300KST 3 Aug. (Distributed type) / Gangijin : 40
14128%28(; 1 freestyle NE 62
1600KST 163
17 Sep 2011. line type stagnation .
JO100KST 18 Sep. / Juam : 70
1400KST 58
6 Aug 2012. broken line type SW o
/2300KST 6 Aug. / Gangjin : 46
1500KST 31
17 Aug 2012. line type NE / Jeonju : 36

/2300KST 17 Aug
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and wind data derived from Skew-T LogP Diagram
: 09KST 30 Jul 2009,

- 09KST 17 Aug 2012.

(b), (c) and 850hPa synoptic chart (d),

in

(b), (e),
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Hi. 850hPa A2 (EPT : equivalent potential temperature)
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Fig. 26. The temperature distribution at the occurrence period AWS
temperature (1 C Unit, W represents the warm pool and C is
the cold pool). (a) : 16KST 5 Jul 2009 ,(b) : 15KST 26 Jul 2009
(c) + 14KST 27 Jul 2009 ,(d) : 18KST 30 Jul 2009, (e) : 14KST
6 Jun 2010, (f) @ 1230KST 3 Aug 2010, (g) : 13KST 14 Aug
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Fig. 28. The relationship between the temperature and convergence of

FE =

airflow at the occurrence period. (a), (b) : product of CAPPI
and AWS wind vector, Red arrows the direction of airflow
(15~1530KST 17 Aug 2012), (c), (d) : SFC convergence, (a),

(b) and the same time.
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Fig. 29. The pressure distribution at the occurrence stage (AWS sea level
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Jul 2009, (c) @ 14KST 27 Jul 2009 , (d) : 18KST 30 Jul 2009, (e)
:14KST 6 Jun 2010 , (f) : 1230KST 3 Aug 2010, (g) : 13KST 14
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Fig. 31. The relationship between the pressure, temperature, convergence
of airflow and vertical wind at the occurrence stage (case 2),
(@) : The same as Fig. 30.(a) but for at 16KST 6 Aug 2012, (b)
: The same as Fig. 30.(c) but for at 09, 15KST 6 Aug 2012.
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Fig. 35. RADAR product of X-sector at the occurrence stage (Aug 17,
2012 10—minute intervals from 15KST).
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Fig. 36. Horizontal and vertical radar images and precipitation at the
occurrence stage (August 17, 2012 10-minute intervals from
15KST). (a) : The RADAR product of CAPPI at 1.5km elevation
in Mt.osung, (b) : RADAR product of X-sector, (c) : Distance of

sector, (d) : AWS 15 minutes precipitation in occurrence period.
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Fig. 37. Radar images and K-LAPS Vertical cross—section images of the
section between the points A and B(15KST 17 Aug 2012).
(Images of black lines - A 35.3N, 126.3€, B: 36.1N, 127.5€,
Images of red lines — A : 35.3N, 126.0E, B : 35.8N, 127.9€).
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FFH 368K et 3secy

Fig. 38. Analysis of radar images and K-LAPS images at the occurrence

stage(15KST 17 Aug 2012). (a) : radar images, wind vector :
small arrows, airflow. @ red arrows, (Images of black lines — A :
35.3N, 126.0E, B : 35.8N, 127.9€.), (b) : Cross line of radar
images ,(Images of black lines — A 35.3N, 126.3€, B: 36.1N,
127.5€), (c) @ K-LAPS vertical cross—section images at A :
35.3N, 126.0E, B : 35.8N, 127.9€ (Variables: horizontal wind ,
EPT (K unit, white and black dotted line represented 340K),
relative humidity of more than 80%), (d) : K-LAPS vertical
cross—section images at A 35.3N, 126.3E, B: 36.1N, 127.5E.
(Variables: horizontal wind , EPT (K), relative humidity of more
than 80%).
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Fig. 40. Characteristics of stationary convective band(17 Sep 2011). (a), (b),
(c) : CAPPI rainrate images at 1.5km at Mt. Osung, 18~20KST, (d)
: wind data derived from Skew-T LogP Diagram in Gwangju (blue :
09KST, red :15KST), (e) : 850 streamline and isotach (21KST 17
SEP 2011).
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850hPa Streamline and sotach{>25Kts|

Fig. 41. Characteristics of convective band moving one direction (14 Aug
2011). (a), (b), (c) : CAPPI rainrate images at 1.5km at Mt. Osung,
14~16KST. (d) : wind data derived from Skew-T LogP Diagram in
Gwangju blue— 09KST, red-15KST. (e) : 850 streamline and isotach
: O9KST 14 Aug 2011,
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Fig. 42. Characteristics of convective band changing the direction(6 Jun
2010), (a), (b), (c) : CAPPI rainrate at 1.5km at Mt. Osung,
14~16KST. (d) : wind data derived from Skew-T LogP Diagram in
Gwangju 15KST, 21KST. (e) : 850 streamline and isotach : 09KST 6
Jun 2010.
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Fig. 43. The relationship between moving pattern and vertical wind (VAD
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13~18 KST 17 Aug 2012, (b)
Aug 2011, (c) : 16~22 KST 17 Sep 2011.
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Fig. 44. The main types of convective band at the developing stage. (a)
: line type (22KST 17 Sep 2011), (b) : broken line type (20KST
26 Jul 2009), (c) : oval type (17KST 6 Jun 2010), and (d) : free
type (16KST 14 Aug 2011).
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Fig. 45. Development of broken line type. (a) ~ (d) : CAPPI images at
17~20KST 26 Jul 2009, and (e) : 60min accumulated
precipitation : 2135KST 26 Jul 2009.
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Fig. 46. Development of free type. (a) ~ (d) : CAPPI images at
14~17KST 14 Aug 2011, and (e) : 60min accumulated
precipitation : 1505KST 14 Aug 2011.
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Fig. 47. Development of line type.(a) ~ (d) : CAPPI images at 16, 18,
20, 22KST 17 Sep 2011, and (e) : 60min accumulated
precipitation : 2135KST 17 Sep 2011.

Fig. 482 (a), (b), (c), (d)= 2010 63 62 15~18KSTS =% CAPPI Z&
Cl

S 20HF10 UCH TAEIE 2Eol0 dee EHE ddotATt FHEDIL 0l
sgets b= AME0 0S5t =OXBA EHEES ez tiie HE8S
20F10 AT (e)E 2010¥ 6 6L 2 =

1840KSTSl 1AI2t Z2E2X OICH EBHEE
2

10

v

NZ= CHHIZ0A S26I0 225t BHRUA LS SEHE =0 UL
Bluestein et al,(1985)0lA= Linear MCSOl CHoll 2Fotd=d Z20& A
I.

(Broken line), &8 MAHE (Back building), ZH& X3

12
(]
@
o
x
[©)
5
Y]
@
o
J
o
kJoog

_54_



Arels (Embedded Areal)2l 40X SEH

H RES ST 0|2t |Ate
0

[
400

05- (==

0z m
ST
N =
1o [
o qu

|
25 o
= [
< —_
> 2 0
_|__'_;_
rl
o -

A 0X A
f”-@ﬁ
w 3 =2
0 @ x
> -
T o M

=)
>N
X

YR
10
g
o
B
x -
-
12
fin
o
H1
30
59
a
ny

=2
x

W U
E3

&
u
|'U:
In
10
o
&
rr
0x
o
o
m
P
o
(=]
-

%
o
&l
=
Hl
lo
0g!
o
S|
2
=
1x
|0
HU
o
0x
0N
rir
Y
|0
HU
g
o
il
$Q
Q

'nz " RAIN(60nin) _ 2010.05.,06.18:40 "

0

0l
2010+ 6&d 62 18:40

Fig. 48. Development of oval type. (a) ~ (d) : CAPPI images at 14~17KST
6 Jun 2010, red and black dotted line represent CB , and (e) :
60min accumulated precipitation : 1840KST 6 Jun 2010.

_55_



uir
ol

o
oll

=y
IH

H
ol

Ea=)

Fig. 49

(b)2] 16AI10=2
X0 cold poold] EAE

OlA Jl25tZ0ICtH

i

=y
IH

o

I.

A
S o

e

AteilOI Ct.

Kol LIEHS 2EEeel HEH

=4

ol

Warm pool&

=
[a—

AN WS

SZ MZ2 cold poolll

2 29

Fig. 5001 Al LEEY

b

cC
=

I
o

ot SIACH 1

=1

Ol cold pool0l

o3
e
5

-~

KU

g

o

it
o

o2
o

=

=

=
[a—

0l

NZ O0l0iXlE EEHOICH

Fig. 510l D& AWS AlXAH

I
)
KO
o

[0
Rl

1

| Ht&Hol S=01 5m/shtXl

220 AIREE 16A1 4028 0=

16A1 B0l EHAH 3252 ZOUXILD 16Al 10

<5

b 30 ez ZOoRLCH

N 25

H

[m;

9]

~
Klo

0l
P(
or

ol

il
~
[0
K

180

=
1o

(0]
[y

=S
Jdellt & AWS AHIE XS 0A LHER

gt Ct
==

CHFEHES JHOHAIE 2]

el0oICt.

oL

o)

~
Klo

ilo]

ol

0l
Kr

OF
A0

0l
ol
[l

ilo]

_56_



LT T

EEFEEH 1

Hldil;; LA

12

ST

paaidead

=hliaes

b

Fig. 49. The temperature distribution at the developing stage (reported by
AWS sensors on Aug 17th, 2012). (a), (b), (c), and (d) : 1600,
1610, 1650, and 1700KST.
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Fig. 50. The precipitation distribution at the developing stage. (a), (b),
and (c) : 1610, 1700, and 1710KST (reported by AWS sensors. The AWS
sensor at Kochang is highlighted by a circle).
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Fig. 51. The time series of the AWS data at Kochang (from 13KST to
24KST on Aug 17, 2012).
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Fig. 52. The pressure distribution at the developing stage (17 Aug 2012).
(a), (b), (c), and (d) : 1600, 1610, 1650, and 1700KST.
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Fig. 53. The same as Fig. 24, but for at (a, b) : 17~18KST 6 Aug 2012,
(c, d) : 16~17KST 6 Jun 2010.
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Fig. 55. The merging case of convective cells at the developing stage
(17 Sep 2011). (a), (b) : CAPPI images (1850, 1910KST), and
(c), (d) : X-sector images (Unit :dBZ), solid line represent cell
merging.
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Fig. 56. The merging case of convective cells at the developing stage
(17 Aug 2012), (a),(b) : AWS 15min accumulated
precipitation(1700, 1710KST) (c),(d) : The same as Fig. 55.(a),
but for at 1650, 1700KST, (e),(f) : The same as Fig. 55.(c), but
for at1650, 1700KST), red dotted line and solid line represent

cell merging, black dotted line represent CB.
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Fig. 57. The time series of the AWS data at Kochang (the same as Fig.
51 but red arrows, beginning of rainfall).
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Fig. 58. The vertical distribution analyzed by KLAPS in developing stage.
(a), (b) :Same as Fig . 38. (d), but for at (a) : 16KST, and (b):
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Fig. 59. Same as Fig . 58, but for Variables : horizontal wind (knot unit),

EPT (K unit, black solid line represented 340K), updraft with
shading based on the scale at top of Fig. 59).
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h) : 1740, and (f, 1) 1750 KST, red arrows represent cell motion,
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Fig. 69. The change of Atmospheric pressure distribution reported by AWS
at the mature stage (Fig. 68 and the same time)
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Fig. 70. Relationship among temperature, Atmospheric pressure, airflow,
convective cells at the mature stage (17 Aug 2012). (a),(b), and
(c) :The same as Fig. 30.(a), but for at 1730, 1740, and 1750
KST, (d),(e), and (f) : The same as Fig. 24.(a), but for at 1730,
1740, and 1750 KST, (black dotted line represent CB, black arrows
represent downdraft, and black circle and the dotted line of small

ellipse represent new cells).
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_82_



Otelel Fig. 72= =I&DJ|Ql (a) 17KSTS (b)el 18KSTSl ~&Hiz, &E29,

FE UEtd A0ICH 1 &4&2900t 4350 H2E N80 &dsFIot ot &

g5t UCH 0l= Fig. 672 (g), (h), ()2 dioid & &l FEII(N-1, NAl
)9 AXILE dHl=st XIEOIC.

0z
0l

......
i A

- i} F .?LI-""’ W

1 “'.II" :
fr g
fide" e

£ &ue’ﬂi iu/a'
Ra\a'ztf('?f‘

Y

o

T

]

Wik I 'h"=|.':|": 1] 9k oy P ’ 550 10 48 i
itk ol it boa 4 R B mom
] 4 'l # i it} 1 it} lgtdste ()

Tigvinea [l

Fig. 72. The vertical distribution analyzed by K-LAPS at the mature stage :
Same as Fig . 59, but for at 17KST (a) and at 18KST (b) at the

mature stage.

_83_



ARV ATV AURTU A T W

Fig. 73. The vertical distribution analyzed by K-LAPS at the mature stage.
(a, b) : Same as Fig . 60. (a, b), but for at (a) : 17KST, (b)
18KST(The black arrow represents lifting convergence to mid
level), and (c) : MCS for altitude and divergence observed west

pacific Houze et al,(1995).
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Fig. 76. The thermal distribution of dissipating stage. (a), (b), and (c) : 21,
22, and 23KST 5 Jul 2009, (d), (e), and (f) : 22, 23, 24KST 6 Jun
2010. (g), (h), and (i) : 22~02KST 17~18 Jul 2011, (j), (k), and (I)
0 20, 21, and 22KST 17 Aug 2012.
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Fig. 77. The pressure distribution of dissipating stage (Fig. 76 and the same

time).
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Fig. 78. The comparisons among temperature, pressure, air flow, and radar
images at the dissipating stage (17 Aug 2012). (a), (b), (c), (d),
and (e): Same as Fig . 70. (a), but for at 1820, 1830, 1910, 1940,
and 1950KST), (f),(g),(h),(),(j) : CAPPI images, (Fig. 78,(a~e) and
the same time), (k), (I), (m), (n),and (o) : Same as Fig . 63. (d),
but for at 1820, 1830, 1910, 1940, and 1950 KST).
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18KST, and (b) :19KST at
the dissipating stage (black arrows represent penetration of low
EPT into high EPT).
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