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Abstract Thermodynamic conditions related with localized torrential rainfall in the middle
west region of Korean peninsula are examined using radar rain rate and radiosonde observa-
tional data. Localized torrential rainfall events in this study are defined by three criteria base on
1) any one of Automated Synoptic Observing System (ASOS) hourly rainfall exceeds
30 mmhr ™" around Osan, 2) the rain (> | mmhr") area estimated from radar reflectivity is less
than 20,000 km?, and 3) the rain (> 10 mmhr ") cell is detected clearly and duration is short
than 24 hr. As a result, 13 cases were selected during the summer season of 10 years (2004-
13). It was found that the duration, the maximum rain area, and the maximum volumetric rain
rate of convective cells (> 30 mmhr’l) are less than 9hr, smaller than 1,000 kmz, and 15,000~
60,000 m’s™" in these cases. And a majority of cases shows the following thermodynamic char-
acteristics: 1) Convective Available Potential Energy (CAPE) > 800 Jkg™', 2) Convective Inhi-
bition (CIN) <40 Jkg™', 3) Total Precipitable Water (TPW) ~ 55 mm, and 4) Storm Relative
Helicity (SRH) < 120 m*™. These cases mostly occurred in the afternoon. These thermody-
namic conditions indicated that these cases were caused by strong atmospheric instability, lift-
ing to overcome CIN, and sufficient moisture. The localized torrential rainfall occurred with
deep moisture convection result from the instability caused by convective heating.

Key words: Localized torrential rainfall, thermodynamic characteristics, convective cell life-
cycle, radar rainfall, radiosonde
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Fig. 1. Spatial locations of the six ASOS stations currently operating around Osan radiosonde site. Osan and six ASOS
positions are denoted by blue star and red dots. Black dashed line means the radius of 50 km around Osan.
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Fig. 2. The frequency of rain area (km®) according to
different rain rates for 65 heavy rainfall events. The rain area
are calculated by radar rain rate at 1.5 km height (CAPPI)
over middle west region of Korean peninsula (latitude: 35.5-
39° longitude: 125.5-129°).
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Fig. 3. Detecting and tracking of rain cell (red solid line) using rain rate estimated from radar echo at 1.5 km height (CAPPI
1.5) from 1200 KST to 1900 KST 25 August 2012 (CASE-17).
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KST to 1900 KST 25 August 2012 (CASE-17). The
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Table 1. Information of the heavy rainfall cases selected by rainfall amount (>30 mm ") and rain area (< 20,000 km?) in this

study. The symbols ‘O’, ‘A’ X’ and ‘~
long duration cases, respectively.

> indicate the complete life-cycle, incomplete life-cycle, failure of cell detecting, and

ASOS Data Cell tracking information
CASE
No. Time (KST) Station Amount Symbol & Result
(mm)
1 2004 07 06 1900 Seoul 38.5 O  Complete life-cycle (Multi cell)
2 2004 08 04 2300 Seoul 38.9 A Incomplete life-cycle (Redeveloped cell)
3 2006 08 26 2000  Yangpyeong 40.0 O  Complete life-cycle (Multi cell)
4 2007 08 03 1400 Cheonan 32.0 x  Difficulties in detecting cell (Scattered cells)
5 2008 07 13 0300  Yangpyeong 45.0 O  Complete life-cycle (Multi cell)
6 2008 07 20 0700 Suwon 46.0 O  Complete life-cycle (Multi cell)
7 2009 07 02 1300 Suwon 39.0 x  Difficulties in detecting cell (Scattered cells)
8 2009 07 17 2200 Suwon 55.0 ~  Cell with long-duration (= 24 hr) (Changma front)
9 2010 07 23 1300 Cheonan 34.5 ~  Cell with long-duration (= 24 hr) (Changma front)
10 2010 08 15 0300 Seoul 45.0 ~  Cell with long-duration (> 24 hr) (Migratory cyclone)
11 2010 08 27 1900 Seoul 33.0 A Incomplete life-cycle (Redeveloped cell)
12 2010 08 29 0400 Incheon 35.0 % Difficulties in detecting cell (Merging with small cells)
13 2011 07 28 2300 Seoul 39.5 O  Complete life-cycle (Multi cell)
14 2011 08 06 1600 Incheon 35.5 O  Complete life-cycle (Single cell)
15 2012 07 14 1700 Suwon 355 O  Complete life-cycle (Single cell)
16 2012 08 21 0100 Seoul 31.5 x  Difficulties in detecting cell (Merging with small cells)
17 2012 08 25 1600 Cheonan 33.5 O  Complete life-cycle (Multi cell)
18 2013 07 17 0700 Cheonan 39.0 A Incomplete life-cycle (Redeveloped cell)
19 2013 07 22 0900 Icheon 59.0 ~  Cell with long-duration (= 24 hr) (Changma front)
20 2013 07 31 0700 Cheonan 40.5 ~  Cell with long-duration (= 24 hr) (Changma front)
21 2013 08 03 1700 Cheonan 33.5 x  Difficulties in detecting cell (Scattered cells)
22 2013 08 06 1400 Seoul 385 A Incomplete life-cycle (Cell merging)
23 2013 08 10 1200 Suwon 36.9 O  Complete life-cycle (Multi cell)
24 2013 08 29 1600 Cheonan 36.0 ~  Cell with long-duration (> 24 hr) (Migratory cyclone)
or, I 3 Th AlEle BEAE, 21 Abls TdA [ IRAS A e A
za o}l oA E9) Z?do] s8] Ho) A life-cycle w24 ¢] 7hsgh ol Abele] 2497
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A} Wet(merging)dte] $71E & fle B¢
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olstZ YEhd vhH, ddAxZ ZAS 1490 AR
73S 7Fe ke o} AFEglo] 1-3A17F0.2 1 X&)
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Table 2. Duration of rain cell detected by radar rain rates for the 9 localized torrential rainfall cases with complete life-cycle.

CASE ASOS Data Duration
Remarks
No. Time (KST) Station Amount (mm) >10 mm hr™' >20 mm hr'
1 2004 07 06 1900 Seoul 38.5 7 hr 30 min 6 hr 30 min Multi cell
3 2006 08 26 2000 Yangpyeong 40.0 11 hr 10 hr Multi cell
5 2008 07 13 0300 Yangpyeong 45.0 14 hr 30 min 10 hr 30 min Multi cell
6 2008 07 20 0700 Suwon 46.0 7 hr 5 hr 30 min Multi cell
13 2011 07 28 2300 Seoul 39.5 9 hr 5 hr 30 min Multi cell
14 2011 08 06 1600 Incheon 35.5 2 hr 30 min 2 hr Single cell
15 2012 07 14 1700 Suwon 35.5 6 hr 30 m - Single cell
17 2012 08 25 1600 Cheonan 33.5 5 hr 30 min 4 hr 30 min Multi cell
23 2013 08 10 1200 Suwon 36.9 8 hr 30 min 8 hr Multi cell
Table 3. Maximum rain area and volumetric rain rate of rain cells for the 13 localized torrential rainfall cases.
Maximum rain area (km?) *M;);mrz:: gln(igugegtrlc
CQiE Date (Occurrence time, KST) (Occurrence time, KST) Remarks
>10mmhr' >20mmhr"  >30mm hr' >5mm hr’
Complete life-cycle
1 2004 07 06 2,712 (2100) 1,254 (2030) 750 (2030) 62,239 (2100) Multi cell
3 2006 08 26 3,118 (1800) 1,627 (1800) 895 (1800) 63,475 (1830) Multi cell
5 2008 07 12 1,048 (2130) 232 (2200) 56 (2100) 24,550 (2130) Multi cell
6 2008 07 20 1,838 (0630) 607 (0630) 129 (0630) 41,227 (0630) Multi cell
13 2011 07 28 377 (2200) 42 (2200) 4 (2200) 11,044 (2130) Multi cell
14 2011 08 06 475 (1530) 169 (1530) 67 (1600) 10,219 (1530) Single cell
15 2012 07 14 141 (1530) 21 (1400) 2 (1500) 3,319 (1530) Single cell
17 2012 08 25 692 (1500) 255 (1500) 83 (1500) 16,277 (1600) Multi cell
23 2013 08 10 5,226 (1030) 2,910 (1030) 1,820 (1000) 122,138 (1030) Multi cell
Incomplete life-cycle
2 2004 08 04 618 (2230) 362 (2230) 249 (2200) 14,759 (2230) Redeveloped cell
11 2010 08 27 777 (1900) 433 (1900) 179 (1900) 20,284 (1900) Redeveloped cell
18 2013 07 17 3,705 (0630) 1,676 (0630) 954 (0630) 85,834 (0630) Redeveloped cell
22 2013 08 06 2,567 (1400) 1,197 (1400) 476 (1400) 59,031 (1400) Cell merging

*Volumetric rain rate was calculated using ‘a=385.7" and ‘6=0.9".

A Fo] B 7}%1201 by Ado] Yehy) of km? ©]3}¢} 200 km? ©]8tE, 223 30 mm hr' o4
T°ﬂ life-cycleS 2= d ool Utk ol&idt & & 100km® o]3t= Yebdt) 13 AlEle] B9 &t
A& Ndsr] Al 1A 598 s Ao o] AEEo] A Ho g wAste] dUMES} FAF
7F HU 2 dge AVE A, o)E AFH3le ) 3 EXS Bygon 23 Algle] A AEAdA 3
Az HAAIZES 5 F, o] & U] FH Bt & Nel ZAMEY A B ‘%‘% /\Hﬂi =
Aplel Hlste] §ar, Ae AAEE s 9

B we] Ak B9k o HYA Fe A
Eo] 282 A E DA T, M ] life-cycleS 2t YN AHIE A e A WAS A9 EH, 10 mm

N- %N'
o. HZ | M
, rd'

= ol A7 HA &%k hr!' o4& 9F 1,000~4,000 km®Z YEFEI, 20 mm

Life-cycle T8 Hh74-$-A1719] dhdo] 753 13 hr' o)A oF 500~1,500 km?e] E¥Z H T} 28
M A A= 7 l 4 HopAA= HhA 3 30mm hr‘ o]’d- <F 100~1,000 km*9] & H.3
A3, 28 NS ZALSEATHTable 3). © T ole SR tFA WR-olA R A E (S

AN EZZ WD 1443} 5tﬁ_ AH Y] A E WA AA| E)yEo] 2,500 km* ©|3t= E¥ZFrh= 2 (Park
<2 10mm hr' o]47 20 mm hr! o] Z+zb 500 and Lee, 2008)¢} SAFRl oM, B Ao AL oA

§27148Hs] t)7]  A|247 45 (2014)
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Table 4. Thermodynamic characteristics of the 13 localized torrential rainfall cases from Osan radiosonde observational data.
The complete life-cycle cases and incomplete life-cycle cases are denoted by ¢ O’ and ¢ A symbols, respectively.

Maximum Radiosonde Thermodynamic indices
CASE .
No. d.evelopment Symbol & Cell qbservatwn TPW CAPE CIN SRH
time (KST) time (KST) (mm) (kg (kg @m’s?
1 2004 07 062100 (O  Multi cell 2004 07 06 2100  50.4 1,193 7 91
2 2004 08 042230 A Redeveloped cell 2004 08 04 2100  58.0 1,027 2 45
3 2006 08 26 1800 O  Multi cell 2006 08 26 1500 513 1,392 0 163
5 2008 07 122130 (O  Multi cell 2008 07 122100  55.1 1,102 30 118
6 2008 07200630 (O  Multi cell 2008 07 20 0300  53.6 0 160 96
11 201008271900 A  Redeveloped cell ~ 2010 08 27 1500  54.8 1,384 0 2
13 2011 07282200 (O  Multi cell 2011 07 28 2100 58.6 1,494 4 117
14 2011 0806 1530 (O  Single cell 2011 08 06 1500  63.8 1,508 9 31
15 201207 14 1530 O  Single cell 2012 07 14 1500 56.3 337 11 96
17 201208251500 (O  Multi cell 201208 25 1500  59.3 810 6 48
18 201307170630 A  Redeveloped cell 2013 07 17 0300  68.5 35 83 414
22 2013 08 06 1400 A Cell merging 2013 08 06 1500  58.9 *2,346 3 171
23 201308101030 O  Multi cell 2013 08 10 0900  65.0 *3,243 11 63
*CAPE was provided by Wyoming University.
Zo) F WAL ANSle] tha FA ehte Al s B YA
Wt B3] tEAlze] wzo] wAMLRT} 35
Aol wEp 2~ 108714 Sotskl o, Ay & 4, XN HES Tl PAsN SMo| A
o Wgagol e J3A 29 BA e Tl )
FARPI Gebde Slskan =@ A 1) Al 94 438 AFERAIAE 2 ThE 95
% 1070 AREI7F 1400 KSTolA 2230 KSTZHA] 2% o] Yelton, o olsfsly] aia] LA H
Azl AR wEE A2 FASYL, P AL dreEd #5 AR BEs], AL 93
0630 KSTOA 1030 KST7HA oA Foll Az & 2 543} ) }aiv}. gt el Ase X
25T, o] Z7o] 7]- gk At AAIAEL] WF o] AR
AFESE 4% A9AZ FBF AHFST  Ushbe AdL EoR s, 49wl A
& AQE) Y E, oo HEE ZRBAAY 4 o A= {J_rEPoV oy & A= AT HEAAA
b AF7E DL o b AFE T At BF L /1FOR ann AYA] 43E AR A
AZ TN A oy wbAL=Sl A el & Stk T ARMARbE 4NZE bR ek, 4 22
Ashe AWS 2493 ARE o8 o, b ATE W Al A AL} AN 147 T BEE A
Axtste= ® 3567061 AE7F AREE M %1101111 = /‘}%Obiﬂr. girests A84 #5S
WIALE o AWS ZF-9-#e] A S (R: Correlation &st7] wioll gt 548 UEille ohFg A
coefficient)y= 0.51% UeTh AMEA X o9t b 8] Aol Thestal, 2 5 tEA A 7P
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Table 5. Same as Table 4 except for the cases that the rain cell has long duration (symbol ‘~) or rain cell was not detected

(symbol “X7).
Heavy rainfall Radiosonde Thermodynamic indices
CASE .
No. occurrence Symbol & Cell qbservatlon TPW CAPE CIN SRH
time (KST) time (KST) (mm) (Jkgh Jkgh) @m*s?H
4 2007 08 03 1400 Scattered cell 2007 08 03 1500 55.2 3,349 0 6
7 2009 07 02 1300 Scattered cell 2009 07 02 0900 32.7 1,761 0 49
8 2009 07 172200 ~  Changma front 2009 07 17 2100 65.3 790 0 337
9 2010 0723 1300 ~  Changma front 2010 07 23 0900 55.5 1,522 0 161
10 2010 08 150300  ~ Migratory cyclone 2010 08 15 0300 64.1 935 24 411
12 2010 08 29 0400 Cell merging 2010 08 29 0300 60.1 677 39 289
16 2012 08 21 0100 Cell merging 2012 08 20 2100 68.6 1,066 3 153
19 201307220900 ~  Changma front 2013 07 22 0900 68.4 561 5 180
20 2013 07 31 0700 ~  Changma front 2013 07 31 0300 62.9 177 44 295
21 201308 03 1700  x  Scattered cell 2013 08 03 1500 56.1 2,392 0 46
24 2013 08 29 1600  ~ Migratory cyclone 2013 08 29 1500 68.1 383 2 302
AEe] 717Freo] A=A, o] F 159 Aldle | VRS 60~70 mmZE w9 F&3 U718 A4S
& ] QoA SR GUNER LSt CAPE  Sitk 7 Ajlsl W)me e At Feldd &
}(337) kghel o 2 debEth olE e AllE & AV Tl FRAGEZ SAET 58
t71Eetgell 7I0eks =AY ASEeRE olsld &+ SRHS 7Pl i7ﬂ Uebst=dl, ©l= Kim et al.
ek ZEu Qo] BT AlEle] Ag- ol %ké (2011)2} Kim et al. (2012)¢] Bl oEHE 243 A
of WisiZo] 2 Wik, 23 Al M) S FolN gebddel 9 We w A6

AE7Y et ddst AR Q5o wAgk Al
o} ¥t 54S vt 23y 6¥ AlElE CAPE
7} ZA3HA] kAL, CIN©| 160 kg’li He R
ol Afol7F ANTE 6¥ Atele] 75, T%L el ell
THE E H3FY mj’ﬂﬂ P EAE Al 0]
ok 18H Al e] 7-9- CAPE (351 kg"l)— e v,
CIN (83J kg)3+ SRH (414m s} A, 3] 7t
7o) 68.5 mm=E g S53F EAL Bt &
Al gt BRA Q)= Auprdidel HXl 3L, o]
4 A71%] e BRAGS FHg Attt
A FAEA T O] AAY 2 thre] AFeAl 27} fé
Aste] Z-AlEe] F7 o] 0184%1 A AbeEle] &
S 54& ZASIATH(Table 5). HA] 70T*ﬂi7} T
ArEjo] = 37 AHle BF 250 t'a‘ AL, CINO|
o] 95 vpeht
At 9} B3 EAS BT o]2d Aldle CINO|
Berlo 2, FAHE 22 A EEC] ol
Hokar ol 914. T o2 7394l 28] Wgtol
UeRd 271 Al 75 A AFe 25 A
At e} FrAFeFAX
7} 150 m* s Ol*Pﬂi & S Hole Ao|7t AU
o} mpR O R QA A ZRe] 24417 o) fe g 1]
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7] 4458 7] 21247 45 (2014)
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Fig. 5. Scattered diagram of CAPE and rainfall characteristics of 11 localized torrential rainfall events: (a)~(c) maximum rain
area of rain cell, (d) total volumetric rain rate of convective cell. The single cell cases are denoted by red solid circle.
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Fig. 7. Scattered diagram of SRH and Duration of rain cell
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denoted by red solid circle.
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