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Abstract This study investigates synoptic characteristics of cold surges over South Korea
during winter season (December-February). A total of 63 cold events are selected by quantile
regression analysis using daily mean temperature observations from 11 KMA stations for 38
years (1979/80-2016/17). Large-scale pressure pattern during the cold surges is well character-
ized by high over Siberia and low over Aleutian regions, which elucidates cold advection over
the Korean peninsula. However, the large-scale pattern cannot successfully explain the observed
sudden decrease of temperature during the cold surges. Composite analyses reveal that a synop-
tic-scale cyclone developing over the northern Japan is a key feature that significantly contrib-
ute to the enhancement of cold advection by increasing pressure gradient over the Korean
peninsula. Enhanced sensible and latent heat fluxes are observed over the southern ocean of
Korea and Japan during the cold surges due to temperature and humidity differences between
the near surface and the lower atmosphere over the ocean. The evaporated water vapor trans-
ported toward the center of the surface cyclone and condenses in the lower-to-middle tropo-
sphere. The released energy likely promotes the development of the surface cyclone by inducing

positive PV near the surface of the heating region.
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Fig. 1. (a) Daily mean temperature averaged over 11 KMA
station in winter season for period of 1979/80-2016/17. The
star (*) denote sampled cold surges. The number of cold day
is 63. (b) The number of cold surges (blue bar), Mean
temperature anomalies (red line) during the analysis period
only winter.
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Fig. 2. Lag composite of one-point correlation between observed mean temperature from 11 KMA stations and 2-meter
temperature from ERA interim for sampled cold surges. Number n lag days of ERA-interim data with respect to the station
observation. Significant values at 99% confidence level are indicated by black dots.
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Fig. 3. Composites of geopotential height at 500 hPa (white contour), mean sea level pressure (black contour) and air temperature
anomalies (shading) at 100 hPa for the 63 cold surge cases. Contour intervals are 90 m and 4 hPa for 500 hPa geopotential and sea-
level pressure respectively. Number on lag indicate days of the analysis data with respect to cold surge days.
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Fig. 4. The same with Fig. 3 but for temperature advection at 850 hPa (shaded) and 850 hPa horizontal winds (vector). Dots
indicate significant temperature advection at 99% confidence level. Only significant winds at 99% confidence level are
presented. The red square is for calculating the averaged temperature advection for Fig. 5.
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Fig. 5. Lag composite of temperature advection averaged
over the Korean peninsula in Fig. 4. Curves in light gray
present the values of individual events.

e Aeln, ol A& Hale A A A7)
Qo] wetol] ok Ao w Hdud 4 Utk olF
= AlZke] Aol wet FExiste] dEs A o

£ 4 Uth(Fig. 4c,

o] Fejeto 2 Mt AL
. & BTN G5} A 7o
= dg aue s duEe e

1 SARNE Fstel 4
fo] ghejolRe ghat A 1<
CERE (Fig. 5), @99l 9. 2118) S
o]FE © Al7ldl oF ~15K day o &3} F
3 2olRE AAE 6379 Al 5 fAbS
woln], A7gke] W) o5 225l e
gore s dae] A WA WAUE

%Zl 5] dojx]
o

¢
=
l'ﬂ F{E m
o>‘ -10 ﬂl

01

FU
[
2
)

o of\

O (K rfo @ ot Lo 7

o
£ Hls 55 aldel A% AN e
HH

5] A

@13}93‘3} Figure 62] 740"" S-S 7zt gyt |
Az @t gdo| s)FusIghe vepdh 2 A7)
WA 7 A g Aolz Astel £
2 Epsic @9 e 19 el Fee] 4%
2 7I90] AT §H0RE S|l Padke
FE HoliL ol & A9 alr Eﬂﬂ%‘%iOﬂ
HEo) sk Aele) | AE o] FEHE ual
o} @9 o) AIPAFES Y- B se] A4 A
719to] w2 wadts FuE RojET) olgd 7
IRF 54 okl wao] Wes] JIMAY olF
o gk Aol ket 7IAle] Wk B st 3z
Z1e BAZE e UERITh S-d 2 5E s
x}blx{ 719Fo] w2 A wdsls 2ole F okt 7)<
2] 7150l Y& AR P s 3
bl %ﬂi Mkt

=

§=7145ks] 7] A28 43 (2018)

60N -

30N

60N -

30N 4

Fig. 6. Composite of pressure tendency at surface (shaded)
and mean sea level pressure (contour) for the cold surge
cases. Contour interval is 4 hPa.

5. ik X7|et BrEkel el

—

dutd o B 3159 FHRXEAE & 59 <t
N el oJal AdA7Ite] sty F
Y 74' =th(Hoskins and Valdes, 1990). &}A] ¢
o] Yok ghut A|7]1€] At E ApA| ] AR 24
A71ge] 5 el JIF T sid-S A o ek
¢l AgHt o e S Holed, ole g
o] H5ago]l JFE + AR AU F Ut
Figure 7= ta} A]7] d|gollA] ti7|12 BE=H=

A& A& ekl agelrt. 3t 29 A P
% A4dEe B4 /)7 54 AL Fad v
& p3 Bxe wold. aeu dukdd s RS
2 947 APse B Tl YN F4
& S7H molW, FRHAQL HEE FRIGA &



ol A - uI AR - FEA 389

(a) ltag -2]

100E 120E 140E 160E 100E 120E 140E 160E

©Mag-n (d) ltag -1].

100E 120E 140E 160E 100E 120E 140E 160E

() [1ag 0]

100E 120E 140E 160E 100E 120E 140E 160E

0 50 100 150 200 250 300 350 400 450 500 550

(W m™)

Fig. 7. Composites of surface latent (left column) and sensible (right column) fluxs from the ocean. Upward flux from the
ocean to the atmosphere is presented as positive.
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Fig. 8. Composite of daily mean moisture flux (vector) and
moisture convergence (shaded) at 850 hPa one day before
the cold surges.
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calculating the averaged temperature tendency by the physical
heating of Fig. 10.
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