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A Study of a Heavy Rainfall Event in the Middle Korean Peninsula
in a Situation of a Synoptic-Scale Ridge Over the Korean Peninsula
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Abstract Observational and numerical studies have been carried out to understand the cause
and development processes of the heavy rainfall over the middle Korean Peninsula during 0300
LST-1500 LST 29 June 2011 (LST = UTC + 0900). The heavy rainfall event occurred as the
synoptic-scale ridge extended from Western Pacific Subtropical High (WPSH) was maintained
over East Asia. Observational analysis indicates that the heavy rainfall is mainly due to scat-
tered convective systems, formed over the Yellow Sea, traveling northeastward across the mid-
dle peninsula without further organization into larger systems during 0300 LST-0800 LST, and
mesoscale convective systems (MCSs) over the Yellow Sea, transformed into a squall line, trav-
eling eastward during 0800 LST-1500 LST. Organization of convective systems into MCSs can
be found over the area of mesoscale trough and convergence zone in the northern end of the
low-level jet (LLJ) after 0600 LST. Both observational and numerical investigations indicate
that a strong LLJ extended from the East China Sea to the Yellow Sea plays an essential role for
the occurrence of heavy rainfall. The strong LLJ develops in between the WPSH and a pressure
trough over eastern China. Numerical experiments indicate that the land-sea contrast of solar
heating of surface and latent heating due to convective developments are the major factors for
the development of the pressure trough in eastern China. Numerical study has also revealed that
the mountainous terrain including the mountain complex in the northern Korean Peninsula con-
tributes to the increase of rainfall amount in the middle part of the peninsula.
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Fig. 1. 24-h accumulated rainfall amount from AWSs for
0000 LST 29-0000 LST 30 June 2011. Contour interval is
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Fig. 2. Surface weather charts from Korean Meteorological Administration (KMA) for (a) 2100 LST (1200 UTC) 28, and (b)
0300 LST (1800 UTC 28), (c) 0900 LST (0000 UTC), and (d) 1500 LST (0600 UTC) 29 June 2011.
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Fig. 3. Constant pressure charts from KMA for 2100 LST
(1200 UTC) 28 June 2011: (a) 850 hPa, (b) 500 hPa and (c)
300 hPa. Solid line indicates geopotential height and dashed
line indicates temperature (°C).
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Fig. 4. Satellite (MTSAT) enhanced IR imageries for 2133 LST 28 through 1300 ST 29 June 2011.
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Fig. 5. Radar CAPPI images from Gwanak radar station (37.5°N, 127°E) at the altitude of 1.5 km and surface winds from AWS
and synoptic stations for (a) 0330 LST, (b) 0400 LST, (c) 0430 LST and (d) 0500 LST 29 June 2011. “X” mark indicates the

location of Osan station (37.10°N, 127.03°E).
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Fig. 6. Same as Fig. 5, except for (a) 0830 LST, (b) 0900 LST, (c) 0930 LST, (d) 1000 LST, (e) 1030 LST, and (f) 1100 LST 29

June 2011.

7] HAR Abolel B3 o] 9ee & & k.

Figure 791 LbEhe 7183} w2t F 714
#7 FE 54T P Ao BeE. o
g 50|, o= A9 o2 Y A7l AEe A
SUAI, B4 Fuel 3 B 213715 ¥

J

A, N EN A 7 7159} 5= Wt So] o]

S0 et 7123} vl PRES 2A9e Ths
Kol 2 Ao BeEn. 183 AENE AA F
Z (outflow)> 2=F49] FX]9} o]Fe 7|ostH& A

oz welr

Atmosphere, Vol. 26, No. 4. (2016)



584 FTHRE 718Hs0] =S B 3l 717kl 7 Al A vehd 59-0] A 219l

Fig. 7. Radar CAPPI images from Gwanak radar station
(37.5°N, 127°E) at the altitude of 1.5 km, surface winds, and
temperature (black number, °C) from AWS for 1000 LST 29
June 2011. Blue number indicates the temperature change
during the past one hour. Black star indicates the location of
Dangjin (36.9°N, 126.5°E).

Table 1. Lifted index (LI), level of free convection (LFC)
and convective available potential energy (CAPE) at Osan
(37.10°N, 127.03°E) (marked by “X” in Fig. 5) for 0300
LST and 0900 LST 29 June 2011.
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Fig. 8. Observed profiles of temperature (solid line) and dew-point temperature (dashed line) at Osan (37.10°N, 127.03°E)
(marked by “X” in Fig. 5) for (a) 0300 LST and (b) 0900 LST 29 June 2011.
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Fig. 9. NCEP CFSR fields: geopotential height (solid line, m), temperature (dashed line, °C), wind vectors, and wind speed
(shaded, m s™") at 925 hPa for (a) 1500 LST and (b) 2100 LST 28, and (c) 0300 LST, (d) 0900 LST 29 June 2011. Thick dotted
line indicates the area of horizontal convergence stronger than —5 x 107 s™'. Thick solid line in (c) indicates the location of the

cross sections in Fig. 13.
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Fig. 10. Surface air temperature from CFSR reanalysis (shaded, °C) for (a) 1500 LST and (b) 2100 LST 28 June 2011, and
enhanced IR image for (c) 1533 LST (0633 UTC) and (d) 2033 LST (1133 UTC) 28 June 2011.
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Fig. 11. NCEP CFSR fields: geopotential height at 925 hPa
(solid line, m) and the change of height for the last 6 hours
(1500 LST-2100 LST 28 June 2011, dashed line, m).
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Fig. 12. Wind vector, isotach (dotted line, every 5m s™') at
300 hPa and vertical velocity (shaded, Pa s™") at 500 hPa for
(a) 2100 LST 28 and (b) 0300 LST, (c) 0900 LST 29 June
2011. Solid line in (b) indicates the location of the cross
sections in Fig. 13.
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Fig. 13. Vertical cross section along the line shown in Figs. 9¢c and 12b of (a) equivalent potential temperature (shaded, K),
isotach of plane-normal wind speed (dashed line, every 10 m s™'), and vertical velocity (thin solid line, every 0.8 Pas™"), and (b)
plane-parallel wind vector and horizontal divergence (solid and dashed lines indicate positive and negative values, respectively,

5 -l

every 5x 107 s7) for 0300 LST 29 June 2011. Black arrows in (a) indicate the direction of vertical motion.
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Fig. 14. (a) Model domains, and topography (solid line, every 500 m) used for (b) CTRL, wkSUN, and DRY simulations and

(c) FLAT simulation.

Table 2. Summary of the numerical experiments.

Date CTRL

FLAT wkSUN DRY

Model/Initial data

WRF-ARW V.3.6.1/NCEP CFSR (0.5° x 0.5°, 6-hourly)

Run time

from 0300 LST 28 to 0300 LST 30 June 2011 (48 hr)

Horizontal grid spacing/
time step

DO1: 18 km (200 x 200)/45 s, D02: 6 km (420 x 420)/15 s

Vertical level

38 layers (~50 hPa)

Grid nesting

Two-way nesting

Land surface model

Unified Noah Land Surface Model

Radiation scheme

LW: RRTM/SW: Dudhia

Korean Peninsula is

Topography flat at sea level
MP Thompson Thompson Thompson No MP
Physics cp (cﬁlynoinlt)s(c)}ll) (ﬁynol;rlg(c)}ll) ((1)(131;01:;158111) No CP
PBL YSU PBL YSU PBL YSU PBL YSU PBL
Solar constant 1360 W m™ 1360 W m™ 10 W m? 1360 W m™

A9 ATk B AN AGE £ I
NCAR (National Center for Atmospheric Research)ol|A]
A| 3= Advanced Weather Research and Forecasting
Model (WRF-ARW; Skamarock et al., 2008) version
3.6.10]t}.

T4 AFL 18km AAE Zh= 99 1 (DO)H 6
kmel AZE 2 9o 2 (D0 F hl Folg
Gk U2 sl W (two-way nesting)S ARE-Ste] A
Sl TH(Fig. 14a). 2 A A= Table 20 #Ask
S} A2 243= Kain-Fritsch W' (Kain and Fritsch,
1990, 1993; Kain, 2004)S AME-3FHaL, G 1A%

= 7138ks 7] Al26¢ 43 (2016)

53t E SIAthHY 204 HeRssE A
3kl kot vMEE] 243} Thompson HH
(Thompson et al., 2008), 7 AIF =53}+= YSU PBL
WA (Hong and Lim, 2006), &3} EAlo] thsjre
RRTM '3 (Mlawer et al., 1997) 223 Ty} EAlo]
&A= Dudhia ¥ (Dudhia, 1989)2 AF&-3}Sith
AW R S3FE Unified Noah Land Surface Model
(Tewari et al., 2004)S AM&-3}9] T}

kT 2 Feo] Pk golry] S8l X3 wi=
AA(FLAT A3)s F3sth FLAT d3ollM = &
ol el gs E3eHE 999 33°NFE 45N,
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Fig. 15. Simulated sea-level pressure (hPa) for (a) 0300 LST, #0600 LST o] o= e X9} Aol
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Fig. 16. Observed [left panels, from Automatic Weather Station (AWS)] and simulated (right panels) 3-h rainfall amount (mm,
every 20 mm) for (a, b) 0300-0600 LST, (c, d) 0600-0900 LST, (e, f) 0900-1200 LST, and (g, h) 1200-1500 LST 29 June 2011.
12-h rainfall amount (mm, every 50 mm) for (i, j) 0300-1500 LST 29 June 2011.
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Fig. 17. Simulated sea-level pressure (thick solid line, hPa)
from the FLAT simulation, and the difference of sea-level
pressure between FLAT and CTRL simulation (thin solid and
dashed lines for positive and negative differences, respectively)
for (a) 0300 LST and (b) 0900 LST 29 June 2011.
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Fig. 18. 925 hPa geopotential height (solid line, m) and wind vector for 0600 LST (left panels) and 1200 LST (right panels) 29
June 2011 from (a, b) CTRL and (c, d) FLAT simulations. The shadings in (a) and (b) indicate the difference of 925 hPa
divergence (10~ s™") between FLAT and CTRL simulations.
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Fig. 19. Simulated 12-h rainfall amount (mm) for 0300-
1500 LST 29 June 2011 from (a) FLAT and (c) wkSUN
simulations. And the difference of the 12-h rainfall amount
between (b) FLAT and CTRL simulations and (d) wkSUN
and CTRL simulations. Solid and dashed lines indicate
positive and negative values, respectively.
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Fig. 20. Simulated geopotential height (solid line, m), wind
vectors, and wind speed (shaded, m s™") at 925 hPa for 2100
LST 28 June 2011: (a) CTRL, (b) wkSUN, and (c) DRY
simulations.
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Fig. 21. Difference of geopotential height (solid and dashed lines indicate positive and negative values, respectively, m) and
temperature (shaded, °C) at 925 hPa between (a) wkSUN - CTRL and (b) DRY - CTRL simulations for 2100 LST 28 June 2011.
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