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Abstract Heavy rainfall (>30 mm hr") over the Korean Peninsula is examined in order to
understand thermo-dynamic characteristics of the atmosphere, using radiosonde observational
data from seven upper-air observation stations during the last 17 years (1997~2013). A total of
82 heavy rainfall cases during the summer season (June-August) were selected for this study.
The average values of thermo-dynamic indices of heavy rainfall events are Total Precipitable
Water (TPW) = 60 mm, Convective Available Potential Energy (CAPE) = 850 J kg™, Convec-
tive Inhibition (CIN) = 15 J kg, Storm Relative Helicity (SRH) = 160 m*s 2, and 0~3 km bulk
wind shear = 5 s™'. About 34% of the cases were associated with a Changma front; this pattern
is more significant than other synoptic pressure patterns such as troughs (22%), migratory
cyclones (15%), edges of high-pressure (12%), typhoons (11%), and low-pressure originating
from Changma fronts (6%). The spatial distribution of thermo-dynamic conditions (CAPE and
SRH) is similar to the range of thunderstorms over the United States, but extreme conditions
(supercell thunderstorms and tornadoes) did not appear in the Korean Peninsula. Synoptic con-
ditions, vertical buoyancy (CAPE, CIN), and wind parameters (SRH, shear) are shown to dis-
criminate among the environments of the three types. The first type occurred with high CAPE
and low wind shear by the edge of the high pressure pattern, but Second type is related to
Changma front and typhoon, exhibiting low CAPE and high wind shear. The last type exhib-
ited characteristics intermediate between the first and second types, such as moderate CAPE
and wind shear near the migratory cyclone and trough.
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Fig. 1. Spatial location of the 7 upper-air observation sites
in the Korean peninsula.
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Table 1. Proximity criteria used in selected previous studies.
No. Tefnporal crlterlon. S.patTal Author
(sounding time-event time) criterion

1 —30 min ~ +30 min 40 km Thompson et al., 2003

2 —2hr~+1 hr 100 km Eom and Suh, 2010

3 —2hr~+2 hr 40 km McCaul, 1991

4 -3 hr~+3 hr 121 km Davies and Johns, 1993

5 —3hr~+3 hr 185 km Craven and Brooks, 2004

6 —6 hr ~+3 hr 400 km Rasmussen and Blanchard, 1998
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Fig. 2. Schematic diagram to select the heavy rainfall events using AWS minutely data.
Table 2. The threshold of CAPE, CIN, 0~3 km shear, and SRH.
CAPE CIN
Value Atmospherlc Value Atmospberlc
condition condition
0=CAPE Stable CIN<50 Weak cap that can bg eil.sﬂy broken by surface
0<CAPE <1000 Marginally unstable cating
Moderate cap that can be broken by strong
< < Moderately unstable
1000<CAPE=2500 Y b 50=CIN=200 heating/synoptic scale forcing
< Very unstable
2500<CAPE=3500 v CIN>200 Strong cap that impedes thunderstorm
CAPE>3500 Extremely unstable development
0~3 km Wind shear SRH
Value Atmospberlc Value Atmospberlc
condition condition
O<shear<4 Weak instability SRH=150 Threshold for super-cell development
4<shear<6 Moderate instability 150<SRH<300 Weak tornadoes possible
6<shear<8 Large instability 300<SRH<450 Strong tornadoes possible
8<shear Severe instability SRH>450 Violent tornadoes possible
ghpo] A BA BT AFESAL AT BElel 299 YFEARIE BE 24 5 i
A= A=A g TAZE AR, 15 744 9] 60 2 AFolA A8 E 82l FFe AR gres
B olEr ALY ARE AT AS oleld B4 © B3 AuE B89 I - 9 54 ek
7} A" & 60 ol FAdTE ARE & = 7VAFE &S Y. 73S (Total Precipitable
o=z Jggt FSAEE FAHAY 7 YA, FAZH Water, TPW)> AZ7]¢] H|&S B gt = 7]
717488 tf 7] A|259 45 (2015)
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Fig. 3. Probability Density Function of (a) maximum rain
rate, (b) TPW, (c) CAPE, (d) CIN, (e) SRH, and (f) 0~3 km
bulk wind shear.
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Fig. 4. Spatial distribution of representative surface pressure patterns causing heavy rainfall over Korean
Peninsula: (a) Typhoon, (b) Changma front, (c) Low-pressure originated from changma front, (d) Migratory
cyclone, (e) Trough, and (f) Edge of high-pressure.
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7 AFIE oF 10%E AFAIBHAAL, ©]= vhgo] vhd
skal glom wstugol] Hla] 2Fo] dEo = o]F
3L a2 ¢J7]SH(Kim and Ham, 2009). &3t SRH
7} 0m’s RO 2 AHE vhghe] sk, kg
o vla| 2Fo] LEHOR o]Fdhs AL ofv]shH
A7 37} A= oAk, AHAH 2 (Supercell)
A} 71Z(SRH > 150 m*s 2, Table 23%)S wh&E3sl= A}
de 3372 JA ] 40%E 2HAEAT. vpR| Rtz
0~3 km AZulgtrlole] A4 - 319 10%E 22 225
7 80s ol HAHle: ok 450 THFig. 3.
FAHI FAge B 5050, F7HE] Bt
“J(moderato unstabley WER= 457 o] 66%(54
N AFDE RS Ak SRHLF 0~3 km & v}
HAE RIS Ad, JFEE Fek drdE
ANA Fetsziel FAWSE 2 Al B E
Fas 82l F shvE AdEr.

3.2 B2t J|Ytx[of mE AXCH7|EH O]

A AT FJFES= olsdA7IS, AR,
BE, FAAQ 7188 T vhekgt 713l oJaA
AT oleldt HES-e] TRIAl= & -
AstA] S0 YIS mIA|7] w2l ZIShulA]el
2 EF7F gesith B AT EFS 9484 V)
A= 67FA] FF o)™ HlF(Typhoon), P4
(Changma front), &} Aol A @238l 27| (Low-
pressure originated from Changma front), ©]%&4 #7]
Q(Migratory cyclone), 7] %= (Trough), 22|32 27|
7}A12] (Edge of high-pressure)©] T}

Figure 4= 6714 §&°] thEA <1 7IshA]19] o
A& YeRd Aot} Figure 4a= 20043 89 18Y
2100KSTE] A|gd71=elm e F @7l 2lsir
T3 97F A AlElolth AR B Fo| ATk P
el f1AstRS W FeErh e, B
SHHA ofstE]o] AU 7|t = Wske He e BE
o &3k Algl2 EF3FA k. Figure 4bE 20124 79
54 0900KSTS] A gU7|== 737t Shibe JHy
Aol Y& E7EA] AA 54 e A
o oJ3] WA HFE-AleElelth. Figure 4c= v}
A el wdgk A7Ige] FFeR JFE9Tt
Uehd 20041 7€ 129 0300KSTE] AU 7|z},
olgl gt AkEle] A5 ArbddFt (o]58)A 718k E
A EAS YeR 7] dFol el fEeE A
o] EFsAT) Figure 4dE 20139 89 29Y
1500KST9] A/gd7]zoln F= AheHbEoA F
wehel 2719k0] ee g S3sle] st 2
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pressure(10) 11%
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Fig. 5. The percentage of each synoptic condition pattern
for 82 heavy rainfall events.
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Table 3. The average values of environmental parameters and synoptic conditions from radiosonde observational data. The
maximum rain rate in mm hr!, TPW in mm, Rainfall efficiency in %, CAPE and CIN in J kg", SRH in m%s2, and Wind shear

ins™.

Environmental parameters
Synoptic condition :
ynop ralzflar’;te TPW e?é‘:l’efily CAPE CIN SRH  Wind shear
1. Typhoon 39.8 61.7 64.6 460.2 153 205.3 5.0
2. Changma front 37.8 59.1 64.0 709.8 113 162.8 6.2
3. *Low-pressure 36.2 554 65.3 227.8 30.4 4224 8.2
4. Migratory cyclone 44.1 52.8 83.6 974.8 10.1 146.9 4.1
5. Trough 44.8 58.9 76.0 1077.9 224 125.1 43
6. Edge of high-pressure 39.5 52.0 75.9 1467.8 53 49.0 2.9
*Low-pressure originated from changma front
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Fig. 6. Scattered diagram of CAPE and SRH for the (a) 82

heavy rainfall events in the Korean peninsula and (b) United
States from Rasmussen and Blanchard (1988).
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Fig. 7. Same as Fig. 6a except for the events: (a) Typhoon, (b) Changma front, (c) Low-pressure
originated from changma front, (d) Migratory cyclone, () Trough, and (f) Edge of high-pressure.
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Fig. 8. Three kinds of heavy rainfall groups with each
group separated by synoptic condition, CAPE, and SRH.
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