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ABSTRACT

A study on the GUST with thunderstorm

CHO, EUN-HEE
Advisor : Prof. Ryu, Chan-Su Ph.D
Department of Atmospheric Science,

Graduate school, Chosun university

In recent years, South Korea has often witnessed damages by gusts caused
by thunderstorms in summer.

The Korea Meteorological Administration defines that a gust happens when the
maximum instantaneous wind velocity is 10m/s or more and draws up hourly
observation reports. When a cumulonimbus develops due to an ascending current
and reaches the height of 12~ 16km, the temperature of the cloud top drops and a
lightening happens, which causes a gust accompanied by a thunderstorm and
further regional meteorological damage. It’s difficult to predict a regional gust
with the meso-scale prediction model at the administration. Thus this study set
out to analyze the damage cases by a gust accompanied by a thunderstorm and to
make a contribution to the prediction and understanding of a gust by a
thunderstorm.

A gust by a thunderstorm happens where potential equivalent temperature
converges or 1s higher than the surrounding areas. The convergence area of
potential equivalent temperature matches the track of thunderstorm cells. The
Kimje gust took place where high potential equivalent temperature converged, and

the Jangsu gust did as the area of high potential equivalent temperature

- viii -



approached.

There should be a good amount of vapor supply with the moisture flux
converging at the bottom layer in order to bring instability. In addition, it should
collide into a dry and cold atmosphere at 700hPa. The moving track at the center

of the low dew point spread corresponds to that of a gust.

That 1s, a gust by a thunderstorm moves along the areas where potential
equivalent temperature is high on the ground and the regions containing lots of
vapor. The time the power of a thunderstorm is maintained depends on the influx
of hot and humid air by a warm flow according to the veering of wind directions

and the influx of dry and cold air at 700hPa.
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Fig. 1. Damaged area(Backsan Gimjae
city).

4. 9 AR

Fig. 3. A factory storage is damaged
by gust(Surogli Backsan Gimjae
city).
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Fig. 2. Detaill map on the damaged
area(Backsan Gimjae city).

Fig. 4. A factory roof is damaged by
gust(Surogli Backsan Gimjae city).
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RALM (day) 2008.07.23 .,

L2
Fig. 5. Daily amount of precipitation at July 23, 2008.

Table 1. Gust and daily precipitation amounts at July 23, 2008.

Greatest | Greatest . Rainfall
o Greatest Tinax Rainfall
Division ) gust gust T max . amounts
gust Dir. ] time start
speed time (mm)
Kunsan NNE 6.9 18:58 29.5 10:52 15:06 20.0
Jinbong W 9.1 15:41 30.8 13:13 14:45 81.5
Gimjae NW 10.0 15:59 325 13:20 16:24 23.0
Buan WNW 85 15:29 31.9 14:04 15:02 31.0
Iksan NW 15.7 16:26 29.9 12:33 16:04 87.5
Jeonju WSW 9.2 17:30 315 13:41 15:54 47.0
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(a) Surface (b) 850hPa

UTC 23 JUL 2008 ( 09KST 23 JUL 2008 )
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Fig. 6. Synoptic weather charts at 0000UTC July 23, 2008.
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Fig. 7. Synoptic weather charts at 1200UTC July 23, 2008.
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(a) 1540LST (b)1545LST (c)1550LST

Fig. 12. Distributions of AWS conversion with 5 min. interval from 1540LST
to 1550LST July 23, 2008.

(a)1540LST (b) 1545LST (c) 1550LST

Wind Speed(10nin) _2008.07.23.15:40
Uing Speed(10nin) 2008.07.23.15:45 Wind Speed(Jonin) _2008.07.23.15:50
Ao

Fig. 13. Distributions of AWS wind speed with 5 min. interval from 1540LST
to 1550LST July 23, 2008.

(a)

2008.0

15:40 Vorticity(10nin) _2008.07.23.15:50

2008.07.23,15:45

1540LST (b) 1545LST (c) 1550LST

Fig. 14. Distributions of AWS vorticity with 5 min. interval from 1540LST to
1550LST July 23, 2008.
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Fig. 15. Satellite images of MTSAT from 1433LST to 1633LST July 23, 2008.
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(a) 1433LST _(b) 1533LST (c) 1633LST

11. ot} Aoz &4

Fig. 17= dely olz&A o =® 74 239 1540l A5 shntrfel 2o s27F
AAska, 16410 = EFol ARG AA Fo= Aozt olFstuA sty

i 17A = A

=
K

(e}
=
R
rlo
:10
X
ol
rd
>
12
N
offl
™
ol
k=
poss
)

Fig. 17. QCed CAPPI RADAR echo distributions from 1500LST to 1700LST
July 23, 2008.
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July 23, 2008. LST July 23, 2008.
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Fig. 20. Lightning distributions at July 23, 2008.
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14. K-index
K-index= 942 7I23E3% d7] s34 5719 &, 5719 dAE&EEXZE vE
Wi A Folth, A 7|23 EL 850 2 500hPas] 7] &xE o]83la 850hPa2] Td
7 A7) st 5529 ¢ vl $x9 AAEE= 700hPad T-Td=A
dEd = 7] "ol olE FFste]l K-index& 49 3tH;
K-index = (850T - 500T) + (850Td) —(700%= 7% H 2})o] t},
K-index® F= 7|@ 9] oRo] A& o]& o] &3 9o A 7h5A
< Table 2 ¥ Fig. 233 v},

Table 2. K-index and possibility of thunderstorm.

K-index <15 15~20 21~25 26~30 31~35 36~40
Thunder

o 0% <20% 20~40% | 40~60% | 60~80% | 80~100%
possibility
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Fig. 23. K-index at July 23, 2008.
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(a) 0000UTC (b) 1200UTC

a

)

Fig. 24. SSI for 850-500hPa at July 23, 2008.

16. RDAPS 850hPa %% vt
Fig.25% RDAPSE o] 48 850hPa vt o, = ¢-u4 el 0000UTCel A
A s o]l BolA ghov TEA el 1200UTCel =3 Ho] 2 sl =

Aol AEAA e BAR AAo® Fhel 9@ 4ol Yeha

(a) 0000UTC (b) 1200UTC

Fig. 25. RDAPS 850hPa convergence(E-6/s) and Isotach(>25kts) at July 23, 2008.
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17. RDAPS 700hPa P-velocity(hPa/hr)
Fig.26 700hPa P-velocity AF&E 2, At swte Bto] e Avld Aol A7
HFow A FeFrE dEbya i 124°E, 35°N

AsEA FEAse] 12UTCoE A% FUAgon olFsasd

(a) 0000UTC (b) 0600UTC (¢c) 1200UTC
SihPa Temperaturei3C1, T0MPa P-VelocityhPahe RDA| e A3hPaT: ACL, 7006Pa P-Velocity hPakhri RDY
c
3 4
- ,*; N \\ . J By P ey
prew. N €7 loms /T N ¥
Fig. 26. RDAPS 700hPa P-velocity(hPa/hr) at July 23, 2008.
18. RDAPS 500hPa 1%, 7] % 9%
Fig. 279 500hPa %% 2 713 o= 2 el Zolt} ol <o &H, 4t
SN FZo] e AnbAd AR AVIdRoer et FE el dgE o
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(a) 0000UTC (b) 1200UTC

Fig. 27. RDAPS 500hPa GPH(30m), temp(3C), relative vorticity(E-5/s) at July
23, 2008.

19. RDAPS 200hPa 223 2 jet
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Fig. 28. RDAPS 200hPa divergence(E-6/s) and Isotach(>50kts) at July 23,
2008.
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20. KLAPS omega and circulation

Fig.29= KLAPS omega$t 8oz HAE T4 OE °F 400kms FARFOR

A o7 2 ol EF A 458 H e 0600UTCol 3% SR 7 FZo] 73
AE71F7F dAEJ I, B3 2 15839 0700UTColl= 850hPa L% ofgjol A A+
stz 717 9o 2 I HSHA 7]zt w9 B AHdS & 5 Sk

(a) 45 minutes before the gust at 0600UTC

850nPa 1= 0|5t
AlDlIEeroE SaF 5|

Fig.29. KLAPS omega and circulation at July 23, 2008.
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21. KLAPS A %29
Fig. 30 KLAPS 4920t}

(a) 45 minutes before the gust at 0600UTC

700hPa 11
344K O|st A

1 AKLAPS 14ineH

Fig. 30. KLAPS Equivalent potential temperature at 23 July 23,
2008.

, B3 24 455 H9l 0600UTCol B3 X d FZo] 360K i 4
#17F Eekal 1AL, 700hPaille ol A 340Ke A 2917k f1Askar it
B2e AARY AE7tA] uAG29E Holtrt EFo] A o

00hPa w4 oA EAZ PUAS AFFLAd Ads F5/F7 2

_21_



22. KLAPS R A soundings

Fig. 319] KLAPS A 0600UTC, 0700UTC soundings & HW A48 A 9]3}
A FEHA =4S Holu vt K-Indext % WAA 372 9§ @A §o
807100%° sEste =2 FAola, 5% WA F+= 3HE ¥ TS 60780%

of g,

(a) 45 minutes before the gust at 0600UTC

PW= 6.24 cm e e tST MX3Ta=Se
37 3 1881 hPa
= u3 * MOD T/Td
257 CONV TEM
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4826 m LCL= =
215° /6 LFC= 1824 m ASL/
2U45° /S I"24 . 06l A1 TOHE Wedd 06:.00Z 23nJul1-08

CONV

LIFT

CCL= ASL/ 927 hH

LCL= ASL~,s 938

LFC= 72 ASL/ 922
STM MTN= 7% - OFFl A [OHE Wedd OF :.002 23rJul

Fig. 31. KLAPS Gimjae Soundings at July 23, 2008.
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23. A B KLAPS wind shear ¥ 3}
Fig. 32= wind shear? W3l= veldl Ao
0700UTCell 850hPa H-ZolA 352 dAF F52 EAFE A2 FE3tL U
Rk olyel 600hPa iL%, 300hPa Lol A % WA Fo HAF7 FEata 9l

shear7} A7l F & XA oA &3 o] FAFA

Fig. 32. Time series of 1-hour KLAPS wind shear in Gimjae at July 23, 2008.
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Fig. 33. Time series of 1-minute AWS data at Gimjae from O0900LST to
2100LST July 23, 2008 (Gimjae).
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Fig. 34. Time series of 1-minute AWS data at Jinbong from 0900LST to
2100LST July 23, 2008(Jinbong).
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Fig. 35. Synoptic weather charts at 0000UTC June 10, 2006.
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Fig. 36. Synoptic weather charts at 1200UTC June 10, 2006.

4. 714423
Table 32 2006 649 1099 AWS® 7] =Fo]al, Table 4+ 7|34 %3S v
W Aol
Table 3. Gust and daily precipitation amounts by AWS at June 10, 2006.

) Max. gust speed(m/s)
AWS St. Rainfall(mm)
(LST)
Chosun Univ. 115 22.4(18:22)
Keokpo 29.0 25.6(17:13)
Younggwang 235 25.5(17:36)
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Table 4. Gust and daily precipitation amounts of at June 10, 2006.

Rainfall Max. gust speed Greatest gust
Division (mm) (m/s) speed(m/s)
( LST ) (LST)
Kunsan 39.0 14.5(06:46) 22.9(06:46)
Jeonju 40.0 9.1(19:03) 17.8(09:22)
Namwon 4.5 10.3(15:51) 15.1(14:28)
Buan 48.5 8.9(12:35) 15.8(17:29)
Gwangju 34.5 9.5(18:24) 28.8(18:22)
Mogpo 7.5 10.0(17:39) 20.1(17:38)
Heuksando 0.1 15.7(16:15) 21.5(16:10)
Yeosu 2.5 16.4(21:49) 22.6(21:36)

A5, Fig. 38949 3A 5, Fig. 39= deoly A&, Fig. 40, 41

o] 4AREARE Wwl, st Agow BrauA BFAWL 174 18

FEATIMid=ay) Z006.06_10.

B
Fig. 37. Daily precipitation amounts at June 10, 2006.
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(a)1800KST 10,June, 2006. (b)1900KST 10,June, 2006. (c)2000KST 10,June, 2006.

i i/ TN Vi % B} #ils || AT i

Fig. 38. Enhanced images of MTSAT from 1800IST to 20001ST June 10, 2006.

(a)1800LST (b)1900LST (¢)2000LST

ROR CAPPI < 2006.06.10.18:00 > /h | ROR CAPPI < 2006.06.10.19:00 > /| ROR CAPPT < 2006.06.10.20:00 > /h

Fig. 39. RADAR echo images from 1800LST to 2000LST June 10, 2006.
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Fig. 40. Radar echo distribution at Fig. 41. Vertical cross section of

Jindo radar station at 1820LST Radar echo from A to B at
June 10, 2006. 1820LST June 10, 2006.

(a)1800LST (b)1900LST (¢)2000LST

LGT KA Dist. 2006.06.10.18:00 KST (10 m

o, | (LBL KM Dict. 2006.06.10.13:00 KST (10 min so0. | LGT KMA Dist. 2006.06.10.20:00 KST (10 m

Fig. 42. Lightning distributions at June 10, 2006.

6. AWS T8 =

Fig. 43¢] AWS $¥2 ®d 184 2080 #F Ay, F5¥ o3 A8
e e FEol yelda 58 F O I8AI25% - #FF e A, F5%,
ShERAWS o2 wjg ek Feo] AU, oW FFA ASOSS )
TFEES 288m/sE 184 2270 YEwow, XA AWS HUEiFES
22.4m/s= 18A] 22+ YERRTE 5% $ 184 30w d FH AEE FAFHA
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(a) 1820LST (b)1825LST (c)1830LST

Fig. 43. Distributions of AWS convergence with 5 min. interval from 1820LST
to 1830LST June 10, 2006.

Fig. 44°] A ZE=F 2o, 649 109 184 33% +A %7t -40TCo]H,
7F 12 ~ 16kmell @st= AW 5o A H ] ¥l dojykth

Fig. 44. Temperature of cloud top at 18:33LST at July 23, 2008.

8. 500hPa vorticity
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Fig. 45. 500hPa vorticity chart at Fig. 46.
0000UTC June 10, 2006.
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9.

500hPa vorticity chart at

1200UTC June 10, 2006.
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Fig. 47. Sounding at 1200UTC June 10, 2006 (Gwangju).
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10. KLAPS omega and circulation.
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Fig. 48. KLAPS omega and circulation at 2100LST June 10, 2006.
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Fig. 49. Time series of 1-minute AWS data at Chosun Univ. from
1500LST to 2100LST June 10, 2006.
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Fig. 50. Farm house damaged by gust. Fig. 51. Vinyl house damaged by gust.
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Fig. 52. Damaged area by gust.

5. 717 A3
& Aol AWSE 91913, Table 5= 9.1km Wolx F57140549 7144

2ol

Table 5. Gust and daily precipitation amounts of at July 2, 2005.

. Daily rainfall Max. gust Greatest gust(m/s)
Division (mm) speed(m/s) (LST)
(LST)
Jangsu 95.5 6.6(02:41) 14.5(02:25)
Donghyang 995 7.9(02:16)
Imsil 45.0 3.7(01:55) 7.0(05:42)
Namwon 47.0 2.6(05:24) 3.9(02:23)
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Fig. 53. Daily precipitation amounts at July 2, 2005.
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Fig. 54. Synoptic weather

charts at 12UTC July 1, 2005.
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(c) 0300LST

(a) 0100LST (b)0200LST

Fig. 56. Enhanced images of MTSAT at July 2, 2005.
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Fig. 57. Radar echo images at July 2, 2005.
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Fig. 58. Lightning distributions at July 2, 2005.




8. K-Index
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Fig. 63. Equivalent potential temperature at

1500UTC July 1, 2005.
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Fig. 64. Time series of 1-minute AWS data at Jangsu from 2200LST to
1000LST July 2, 2005.
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