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Abstract This study explores the long-term trends of surface air temperatures in 11 KMA
stations over the period of 1960~2012. Both linear and nonlinear trends are examined for the
95" 50" and 5 percentiles of daily maximum (T,,) and minimum temperatures (Tp;,) by
using quantile regression method. It is found that in most stations linear trends of Ty and Ty,
are generally stronger in winter than in summer, and warming trend of the 5" percentile tem-
perature (cold extreme) is stronger than that of the 95™ percentile temperature (warm extreme)
in both seasons. The nonlinear trends, which are evaluated by the second order polynomial fit-
ting, show a strong nonlinearity in winter. Specifically, winter temperatures have increased
until 2000s but slightly decreased afterward in all percentiles. This contrasts with the 95" and
50" percentiles of summer T,;, that show a decreasing trend until 1980s then an increasing
trend. While this result is consistent with a seasonal dependence of the recent global warming
hiatus, most of the nonlinear trends are statistically insignificant, making a quantitative attribu-
tion of nonlinear temperature trends challenging.
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Fig. 1. Probability distribution of Tpay, Tmin and DTR of Chupungryong station during (top) winter and (bottom) summer. For

the reference, the Gaussian distribution is also shown in red.
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Fig. 2. Time series of Ty, Timin and DTR of Ulleungdo station during (top) winter and (bottom) summer. Linear trends of the
95% 50" and 5" percentile temperatures are indicated in blue. Second-order trends are shown in red.
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Fig. 3. Same as Fig. 2 but for Chupungryong station.
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Table 1. Linear trends of the 95, 50, and 5® percentiles of daily maximum (T ,.), minimum temperatures (T,,;,), and their difference (DTR) of 11 KMA stations. Unit is
°C decade™ and values that are statistically significant at the 95% confidence level are denoted with asterisk. Winter (DJF) and summer (JJA) values are shown separately,
and station mean and standard deviation (STD) are shown in the bottom row.

Tinax Tonin DTR
95% 50% 5% 95% 50% 5% 95% 50% 5%
105 DJF 0.09 0.27 0.38 0.25 0.35 0.56* -0.11 -0.06 0.00
(Gangneung) JJA 0.08 —-0.11 0.35% 0.20 0.09 0.32* —0.18* —0.19* -0.07
108 DJF 0.20 0.34 0.39 0.32 0.41 0.64* -0.21%* -0.11 -0.11
(Seoul) JJA 0.00 0.12 0.10 0.18 0.16 0.46* —0.19* —0.17* -0.07
115 DJF 0.11 0.23 0.42% 0.13 0.26 0.50* 0.00 -0.04 0.00
(Ulleungdo) JJA —-0.06 —0.04 0.13 0.02 0.06 0.18 —-0.06 —0.07* —0.08
135 DJF 0.32 0.23 0.48%* -0.02 0.04 0.28%* 0.52* 0.22 0.06
(Chupungryong) JJA 0.00 —-0.09 0.07 —0.16* —0.17 0.03 0.36* 0.06 -0.07
143 DJF 0.36 0.40 0.64* 0.50 0.64* 0.75% -0.38%* -0.15 -0.14
(Daegu) JJA —-0.02 0.00 0.21 0.17 0.20 0.56* —0.33* -0.19 -0.19
146 DJF 0.11 0.26 0.52%* 0.08 0.22 0.21 0.21%* 0.14 0.05
(Jeonju) JJA 0.14* 0.07 0.24 0.03 0.05 0.30 0.03 0.04 0.00
152 DJF 0.12 0.28 0.49* 0.33 0.53* 0.53* -0.41* -0.17 -0.18
(Ulsan) JJA 0.00 —0.08 0.27* 0.16* 0.13 0.42% —0.32* -0.21 —0.06
156 DJF 0.41 0.34 0.48%* 0.21 0.23 0.30 0.22 0.16 0.03
(Gwangju) JJA 0.12 0.15 0.15 0.14 0.04 0.56* -0.19 —0.05 0.00
159 DJF 0.15 0.35 0.62%* 0.18 0.35 0.44* 0.07 0.07 -0.08
(Busan) JJA 0.20* 0.06 0.31* 0.11 0.05 0.21* 0.08 0.00 0.00
165 DJF -0.03 0.04 0.20 -0.11 0.00 0.26* 0.12 0.03 -0.07
(Mokpo) JJA —-0.11 —0.06 0.19 0.03 —0.09 0.22 0.05 —-0.06 —-0.07
168 DJF 0.21 0.34 0.47* 0.31 0.32 0.46* -0.07 0.00 0.00
(Yeosu) JJA —0.07 —0.06 0.14 0.02 0.10 0.28* -0.14 —0.19* —-0.05
Mean < STD DJF  0.19+£0.13 028+0.09 0.46+0.12 020+0.16 030+0.18 0.45+0.16 0.00 +0.26 0.01+0.12  -0.04+0.08
JJA 0.02£0.09 0.00£0.09 0.19+0.08 0.08+0.10 0.06+0.10 032+0.16 —-0.08+0.19 -0.09+0.10 -0.06+0.05
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Fig. 4. Scatter plot of “a” and “p” in the second-order equation for the 95", 50", and 5" percentile temperatures of each station.
Each station is indicated by statlon number as listed in Table 1. The values for Ty, and T,,;, are shown in the left column and

those for DTR in the right column. Winter and summer values are denoted in cold and warm colors, respectively. See the text
for the details.
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