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An analysis of the Characteristics of Thunderstorms

that causes Heavy Rainfall in Gwangju
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ABSTRACT

An analysis of the Characteristics of Thunderstorms

that causes heavy rainfall in Gwangju

Lee Hye-Min
Advisor : Prof. Ryu, Chan-Su, Ph.D.
Department of Atmospheric Science,

Graduate School of Chosun University

Thunderstorm is considered a major phenomenon for the very-short-range
forecast because it often involves thunder and lightning or hail, strong wind
and heavy rainfall, and rapidly develops in a short time to locally cause a
severe damage. Therefore, the study on thunderstorm i1s important and
necessary.

This study analyzed the thunderstorm accompanied by heavy rainfall for the
past 10years (2001-2010) in Gwangju

There have been 44 heavy rainfalls for the past 10 years in Gwangju, mostly
in July, which is the rainy season. The thunderstorm accompanied by heavy
rainfall occurred 29 times in total. Frontal thunderstorms accounted for the
greatest number of days because of the seasonal rain front in summer.

The characteristics of the thunderstorm that is accompanied by heavy rainfall
in Gwangju are summarized as follows. The air-mass thunderstorm had a
higher instability at the time of formation than 6 hours ago, and was likely to
form with a small vapor volume and a low vertical wind shear in the bottom
layer, and with a high instability and vertical wind shear in the top layer. It
had a high precipitation per hour, showing highly intense rainfall in a short

duration. In 2003, when the air-mass thunderstorm was frequent, the air



pressure distribution was south-high-north-low, the pressure ridge was located
over the south area of Korea, and there was a strong northeasterly wind from
the East Sea.

The frontal thunderstorm had a higher instability 6 hours before the formation
than at the time of formation in terms of CAPE, and was likely to form with a
large vapor volume and a high vertical wind shear in the bottom layer, and
with a low instability and vertical wind shear in the top layer. In addition, the
precipitation duration was long and the daily precipitation was high, showing a
continuous precipitation. The analysis results of the satellite image showed that
the frontal thunderstorm had higher cloud top temperature and height than
air-mass thunderstorm. This was because a very large quantity of latent heat
was discharged due to the wvapor condensation. In 2009, when the frontal
thunderstorm was frequent, the influence of low pressure expanded, and the
pressure trough located from the north of China to the East Sea caused much
rainfall. In addition, the counterclockwise air current made the northwesterly

wind converge.

_Vi_
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Fig. 1. Heavy rainfall occurrence frequency in Gwangju for 2001 ~2010: (a) by
year, and (b) by month.
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Table 1. 23 thunderstorm cases with heavy rainfall (2001~ 2010).

Date Time
Thunderstorm type
(year/month/day) (LST)
2001 Jul. 12 09:00 frontal thunderstorm
Jul. 9 03:00 frontal thunderstorm
2003 Aug. 19 03:00 air-mass thunderstorm
Aug. 27 15:00 air-mass thunderstorm
Jul. 14 03:00 frontal thunderstorm
20 Jul. 28 17:00 air-mass thunderstorm
Jun. 1 15:00 air-mass thunderstorm
20 Jun. 2 03:00 air mass thunderstorm
Jul. 26 03:00 frontal thunderstorm
2006 Aug. 25 15:00 air-mass thunderstorm
Aug. 27 03:00 air-mass thunderstorm
Jul 1 03:00 frontal thunderstorm
207 Aug. 29 03:00 frontal thunderstorm
2008 Aug. 8 21:00 air mass thunderstorm
Jun. 22 03:00 frontal thunderstorm
Jul. 15 03:00 frontal thunderstorm
2 Jul. 16 03:00 frontal thunderstorm
Aug. 20 21:00 frontal thunderstorm
Jun. 6 15:00 air-mass thunderstorm
Jun. 1 03:00 air-mass thunderstorm
2010 Jun. 11 09:00 frontal thunderstorm
Aug. 17 03:00 frontal thunderstorm
Sep. 11 09:00 frontal thunderstorm
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Table 2. Stability index of the air-mass thunderstorm with heavy rainfall.

SSI KI TTI CAPE

Date before To before To before To before To
Aug 19, 2003 0.2 1.3 37.0 3.8 42.0 41.2 - 96
Aug 27, 2003 1.0 -06 334 377 429 435 6.2 -
Jun 1, 2005 2.1 -15 2.1 26.6 45.8 499 - 140.2
Jun 2, 2005 2.1 -0.3 31.0 349 44.0 471 - -
Aug 25, 2006 -1.6 -1.2 386 37.1 46.3 45.2 912 8376
Aug 27, 2006 -1.1 -0.8 239 32.3 44.6 442 13682 12523
Aug 8, 2003 0.2 - 375 - 4.1 - 1010.2 -
Jun 6, 2010 2.1 -3.2 26.3 38.8 484 53.8 3.3 706.6
Jul 1, 2010 -1.1 -1.3 3.4 372 471 46.7 3239 10224

mean 04 -1.0 3.2 349 45.0 46,5 5505 6698

* Ty Occurs time,

before : before occurs

Table 3. Stability index of the frontal thunderstorm with heavy rainfall.

SSI KI TTI CAPE

Date before To before To before To before To
Jul 12, 2001 1.1 2.3 37.0 32.0 40.0 40.0 14.0 566.0
Jul 9, 2003 -55 -1.7 429 39.3 53.2 458 621.1 2087
Jul 14, 2004 2.2 -04 285 3.0 404 450 23719 760
Jul 26, 2006 -1.7 -1.1 40.0 37.2 45.0 444 - 456
Jul 1, 2007 -1.1 -2.1 384 39.7 43.8 457 - -
Aug 29, 2007 4.0 -15 414 389 495 451 A4 25034
Jun 22, 2009 70 -16 30.0 39.2 3.0 451 779 -
Jul 15, 2009 1.0 2.2 305 40.2 40.1 459 3303 b1
Jul 16, 2009 0.1 -1.2 345 395 435 444 - -
Aug 20, 2009 29 0.2 294 0.1 387 433 12.6 925
Jul 11, 2010 -1.1 -1.3 36.4 37.2 415 41.2 - 146
Aug 17, 2010  -0.1 -2.6 374 415 42.0 46.6 2218 3306
Sep 11, 2010 0.7 16 336 324 42.3 42.5 67.1 126.1

mean 0.2 -0.8 30.8 375 4.7 44.2 6177 5664
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Table 4. Thermodynamic index of the air-mass thunderstorm with heavy

rainfall.

Tste Tsso  Tao CCL  Wste  Wsso  Oesso Oerno
() () () (gpm)  (g/kg) (g/kg) (K) (K)
Aug 19, 2003 226 184 104 1163 169 131 3449 3438
Aug 27, 2003 218 182 10.0 655 16.1 144 3484 3450
Jun 1, 2005 25.2 13.2 6.8 1071 125 105 3311 3229
Jun 2, 2006 182 136 4.6 735 12.6 10.8 3324 3285
Aug 25 2006 252 180 8.0 &9 18.0 138 3465 3366
Aug 27, 2006 260 180 86 915 183 14.0 3470 3341
Aug 8 2008 24.2 180 86 315 182 - - -
Jun 6, 2010 29.2 14.2 3.2 1719 109 101 3309 3260
Jul 1, 2010 23.2 194 10.6 1210 175 129 3454 3431
mean 24.0 16.8 8.0 9%1.3 156 124 3408 3350

* T © temperature, W . mixing ratio, O, : potential equivalent temperature

Date

Table 5. Thermodynamic index of the frontal thunderstorm with heavy rainfall.

Tste Tsso  Tao  CCL  Wste  Wsso  Oesso Oerno
() (C) (©) (gpm)  (g/kg) (g/kg) (K) (K)
Jul 12, 2001 25.0 16.0 11.0 212 196 125 3402 3444
Jul 9, 2003 234 178 86 418 175 14.2 3473 3418
Jul 14, 2004 24.0 16.8 84 187 185 126 3414 3366
Jul 26, 2006 21.6 184 9.2 1514 157 146 3492 3400
Jul 1, 2007 209 179 104 280 156 14.7 3489 3474
Aug 29, 2007 252 172 94 593 194 145 3474 3446
Jun 22, 2009 204 182 9.0 212 152 14.7 3492 3427
Jul 15, 2009 25.8 188 10.0 496 19.7 152 BL7 3460
Jul 16, 2009 224 180 10.8 77 165 146 3487 3507
Aug 20, 2009 242 178 9.6 221 194 137 3460 3398
Jul 11, 2010 22.2 16.8 9.6 453 166 14.2 3461 3464
Aug 17, 2010 236 190 114 1247 175 153 3022 3529
Sep 11, 2010 256 158 7.0 204 19.6 114 3368 3325

mean 23.2 176 9.6 5195 177 14.0 3465 3435

Date

_19_



2. €54 4

Fig. 5% 1,000-850hPa %9 dAulgAlo] B2 ey ﬁolﬁ}

7IeAd 9o 7 $(Fig. 5(a)ols o2 npehA]
gom 0.1~39x10 s Alolel 625% o zath shZo] AFutAlol 7t 0.1~
0.9x10-3/s, 7.0~7.9x10 /s Atold w) 7|4 -7} 7} o] LA},

ARA -9 Z39(Fig. 5(b)elles A ol= 21~141x10Y/s Ateld] 1he}
womn 30~79x10°/s Akelol 69.2% ol uEhwa, w$- 2 gl 140~
149x107/s Atelell = 77%7F Exatrh. atZo AxutgA o7t 7.0~7.9x107/s
Atold o WA ¥-9-7F 7HE Bol WAt

7GR HS= skFe] AAubEA ot A w, A Hee st dAnkE
A7 719 H R & A a5 9ok 1 o] 3-2(1994) St
o AAmpEAo 7L AR FE AHAA F571Y dA FEo] Wy dAH S
et w BAsta, 35 5(1994) A AS WelA AAupEA o 7F 2
Aol Asstes = Z1Fel Y FEF Aol &olatr] wiEel sk

o 7b A& A 7l W 9-7F B o A ket
Fig. 6= 850-500hPa3¢] A& utgtAlo] X5 vERd Aot

719 ¥9-9] A$(Fig. 6(a)e 0.2~4.7x10%/s Akolo] WERE O™ 875% o] 4
o] 01~29x10 /sl EZatH, FFe] AFuEAol7t 0.1~09x10 s Aol
e W7 A wel B Askg

A4 H$e A (Fig. 6(b)E 02~35x107/s Abolol webykom, 923% o]
o] 0.1~29x107%/s Atole] B xatgda, AZo] AFutEalolzb 0.1~0.9x10 s, 1.0
~19x107%/s Atol Y Axd =97 7 wel EAske T

713 H e AT dAdutgAolzr & o) AAAd M AT A nEA

o7} 7letAl MKt} 2e FHo|q waa 4= gl

o 1

Al

_20_



40
(a)

32
X n
o
&
L
=
]
x
5 16
o

] I

0 T T T T T T T

0 1 2 3 4 5 6 7} 8 g 10 11 12 13 14 15
Vertical wind shear (10-3/s)
40
(b)
32
R 2
@
&
o
=
(]
-
L 15
o
| I i] I i i
[i] T T T T T T T T T T T T T T T
0 1 2 3 4 5 6 7 8 g 10 11 12 13 14 15
Vertical wind shear (10-3/s)

Fig. 5. Vertical wind shear distribution for 1,000-850hPa layer with heavy

rainfall : (a) air-mass thunderstorm, and (b) frontal thunderstorm.
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Fig. 8 Cloud top temperature (L), and cloud top height (R) of (a) air-mass
thunderstorm (July 1, 2010 0333LST), and (b) frontal thunderstorm (July 11,
2010, 0933LST).
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