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Abstract We investigate regional differences in the characteristics of cold surges that occurred
over the South Korea during winter season (December-February, 1981/1982~2017/2018). A sig-
nificant regional contrast of cold surge characteristics exists and we found that this is closely
related to the spatially inhomogeneous distribution of winter-mean climatological surface tem-
perature in association with the complex topography of the Korean peninsula. For the regions of
the temperature below —1°C (Regionl; R1), the frequency of cold surges is inversely propor-
tional to the surface temperature almost linearly. In case of the regions above —1°C (Region2;
R2), cold surge frequency does not exhibit any clear dependency on the surface temperature.
Duration and number of occurrences of cold surge between the two regions showed clear differ-
ence. Dynamical evolution of cold surges before the onset showed a sharp contrast between R1
and R2. In R1, cold surface air temperature (SAT) was already predominant over East-Asia
before the onset and the cold temperature was sustained after the occurrence. On the contrary,
warm SAT was predominant over East-Asia before the onset in R2. The SAT suddenly drops
just after the cold surge occurrence. We present different origin of wave activity and propaga-
tion characteristics between the two types: Wave-activity flux (WAF) was relatively weaker and
wave disturbances moved eastward in R1 along with the WAF mainly directing eastward. In
case of R2, WAF was stronger and directing southeastward in the upstream of South Korea
movement erasing predominant warmer air eventually causing sudden temperature drops over
southern provinces over South Korea.
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T3k (Woo et al, 2012), 5= Z&(Jeong and Ho,
2005; Park et al., 2011a), 454 HE5A(Kim et al.,
2009), 5= 3% (Kim et al., 2014; Yang et al., 2020)
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Fig. 1. Mean cold surge days (size of the Circle) and daily mean lowest temperature in the cold surge event (shading) at each
Korean station for 37 winters (1981~2017, DJF). Climatological mean surface air temperature is also presented (contour and —
1°C line indicated by red color). Terrain altitude is brightened by 300 m intervals.
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Climatological surface air temperature

Fig. 2. A scatter diagram for climatological surface air
temperature versus annual averaged cold surge days. Values
from each station in Fig. 1 are used for this plot.
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Fig. 3. Regional time-series of (a) cold surges days, (b)
duration and (c) lowest temperature during cold surges in
R1. Changing point analysis is conducted and displayed
(black line). Regime values are shown in Table 1).
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Fig. 4. Same as Fig. 3 but for R2 (Regime values are shown
in Table 2).

Table 1. Average cold surge days, duration, number of
occurrences, lowest temperature in R1 regime (Regimel:
1981~1986, Regime2: 1987~2008, Regime3: 2009~2017).

Regimel Regime2 Regime3
Cold surge days 23.8 7.79 16.25
Duration 7.66 5.51 7.95
Number of occurrences 2.67 1.68 244
Lowest temperature -12.10 -10.84  -11.07

Table 2. Average cold surge days, duration, number of
occurrences, lowest temperature in R2 regime (each regime
years is same as R1).

Regimel Regime2 Regime3
Cold surge days 7.80 1.20 4.0
Duration 19.5 433 9.0
Number of occurrences 0.33 0.36 0.44
Lowest temperature -7.03 —6.28 -6.50
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Fig. 5. Composite anomalies of surface air temperature
(SAT) (shading, unit: °C) and sea level pressure (SLP)
(contour, solid line and dash line show positive and negative,
zero line is omitted; intervals: 4 hPa) during day -3 to day
+1 relative to all cold surge occurrences at R1 in Asia (lat:
20°N~70°N, lon: 50°E~180°E). Significant values at the 95%
confidence level of SAT and SLP are represented by black
dots and red lines.

A wrgstel slee] Zyel weh WS Wake
A5, R2oIA 9] @SS ol AR 7|0 EE
was) Uehgeh Badel A%717ke RIGAE
2 Hst giAg, RO E IR AmolA 717
243 @bt UehteA A4717ke] A7) viersk
o} oleid AAE MY R, AGER PAHE At
o g WAUZ Fol7h 9 RO W F A
Aol e WY T2 BAL AWHAT

32 ZHFE =
RIoA LAY gk Shofo] A2t S 7|0 = 7|y
I A% 7] o=@ (Fig. 5), 300 hPaoll A 2] 418

Atmosphere, Vol. 30, No. 3. (2020)



254 Ghit=of|x] o] Z] o o] w}

(a) lag -3

60N
40N

20N

(b) 1

=
60N {7
40N
20N

(o) 1

60N <

40N

20N

(d) 1

60E 90E 120E 150E 180

60N <

40N A

(e)

60N

40N o

20N

60E 90E 120E 150E 180

Fig. 6. Composite anomalies of stream function (contour,
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is omitted; unit: 10° m’s™) at 300 hPa and wave activity flux
(vector, unit: m’s ) at 300 hPa. Period and area are same to
Fig. 5.
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