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Abstract The change and periodicity of Korean winter temperature in the period 1979-2018
are investigated. It is shown that the winter temperature is on a long-term rise, with two regime
shifts of winter temperature during 40 years. In addition, the decrease in cold days is confirmed
along with the rise in temperature. Analysis of the periodicity of daily temperature in winter is
carried out by means of power spectral analysis. Of the spectral peaks that are statistically sig-
nificant, the most frequent detection exists on the time scale between 7 and 8 days. It is found
that the number of significant periods have decreased since 2014, particularly no longer existent
around the period of 7 day. The longer periods than 7 days gradually increase during 40 years,
while the shorter periods show the tendency of decrease but recently rebound. Spectral analysis
calculated from high/low-pass filtered daily temperature data also shows similar results.
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Table 1. Summary of antecedent studies on the periodicity of daily temperature over Korea.

Analysis period
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Analysis method Periodicity
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Fig. 1. a) Averaged daily mean winter temperature over 21
stations for the period of 1979~2018. Dot lines indicate the
mean value for the periods before and after the significant
regime shifts, based on Rodionov (2004). For determining
the regime shift, the following parameters were used: cutoff
length = 15; probability level =0.2; and Huber’s weight
parameter = 1.5. The 1986 and 2009 are detected the regime
shift significant at 99% and 90%, respectively. b) Averaged
days below —5°C over 21 stations for the period of 1979~
2018.
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Fig. 2. The same as Fig. la but for a) Cheongju, b)
Chuncheon, ¢) Busan, and d) Mokpo.
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Fig. 3. a) The number of days below —5°C (solid) and —10°C
(dotted), and b) the relation between days below —5°C and
averaged minimum temperature at Chuncheon station in
each winter during 1971~2014.
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Fig. 4. Power spectra for the daily mean temperature
averaged over 21 stations in 1980 winter. Thick line shows
the power spectra. As an indicator for significance, dashed
lines show confidence bound with its 5" (lower), 95™ (upper)
percentiles, and Markov red noise spectrum (middle). A and
B denote spectral power and 95™ percentile of confidence
bound, respectively, which are used for calculation of
normalized vales in Fig. 6.
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Fig. 5. a) Power spectra at each period indicating positive anomaly over averaged spectral power, and b) averaged spectral

power during 1979~2018 used in Fig. 5a.
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Fig. 6. Significant power spectra that lie above the 95% confidence bounds. Circle dots indicate normalized magnitude of
significant power spectra ((A — B)/B from A and B as shown in Fig. 4). Black, heavy grey, grey, light grey, and white circle dot
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Fig. 7. The same as Fig. 6 but for significant power spectra after applying high- and low-pass filter.
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Fig. 8. Spectral power averaged from a) 2 low-pass filtered
frequencies and b) 10 high-pass filtered frequencies shown
in Fig. 7.
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