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Abstract : In this study, we identified characteristics of heatwaves on the Korean
Peninsula and related atmospheric circulation patterns using data on the daily maximum
temperature (TMX) and reanalysis data for the past 42 years (1979—2020) and analyzed
their connection to the Arctic oscillation (AO). The heatwave on the Korean Peninsula
showed to be stronger and more frequent in the 2000s. The recent strong and frequent
heatwaves on the Korean Peninsula are mainly affected by abnormal high-pressure over
the Korean Peninsula on the middle/upper-level atmosphere and the strengthening of
the North Pacific high pressure. Interestingly, composite difference of sea level pressure
showed very similar results to the positive AO pattern. The correlation coefficients
between the summertime AO and the TMX and HWD of the Korean Peninsula were 0.407
and 0.437, respectively, which showed a statistical significance in 1%, and showed a
clear relationship with the abnormal high-pressure over the Korean Peninsula and the
strengthening of the North Pacific high pressure. In addition, in the positive AO phase,
the TMX and HWD of the Korean peninsula were approximately 30.1 ‘C and 14.6 days,
which were about 1.2 ‘C and 8.8 days higher than in the negative AO phase,
respectively. As a result of the 15-year moving average correlation analysis, the
relationship between the heatwave and AO on the Korean Peninsula has increased
significantly since 2003, and the linear relationship between them has become more
apparent. Moreover, after the 2000s, when the relationship developed, AO had more
strongly induced the atmospheric circulation pattern to be more favorable to the
occurrence of heatwaves in the Korean Peninsula. This study implies that understanding
the AO, which is the large-scale variability in the Northern Hemisphere, and the
Arctic-mid latitude teleconnection, can improve the performance of global climate
models and help predict the seasonality of the summer heatwave on the Korean
Peninsula.
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Figure 1. The spatial distribution of (a) climatological mean, (b) standard deviation of
maximum temperature (TMX) on July-August over 42 years (1979-2020), and
(c) the time series of TMX and heatwave days (HWD). The red and blue solid
lines indicate TMX and HWD, respectively. The red and purple dashed lines
indicate the mean and *1.0 standard deviation of TMX and HWD, respectively.
The red (blue) closed and open circles indicate a heatwave year and
non-heatwave year, which is defined as a +1.0 standard deviation of TMX
(HWD), respectively.
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Figure 2. The spatial

distribution of the climatological mean

(d} Composite DifT. of SLP
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(black contour) and

standard deviation (shading) of (a) geopotential height (GPH; contour interval

of 120 m) and (b) mean sea level pressure (SLP:; contour interval of 4 hPa).

Composite difference between the HWY and NHWY by TMX

in Korean

Peninsula of the (¢) GPH at 500 hPa and (d) SLP, respectively. The dashed
areas indicate a 5% significance level for GPH and SLP, respectively.
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Table 1. Correlation coefficient between AO index and TMX and HWD of Korea.

Correlation AO
o AO (June) AO (July) AO (August)
coefficient (JA mean)
TMX
(UA) 0.238 0.291 0.386+* 0.407**
————— 1979-2020
HWD
0.386* 0.349% 0.381x 0.437*x
(JA)
TMX
UA) 0.420 0.472* 0.575% 0.585%
— 2003-2020
HWD
UA) 0.539% 0.542%* 0.624x* 0.653x**

*

5%, ** 1 1%

significant level
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Figure 3. Correlation map between the Arctic oscillation (AO) index and (a) GPH 500

hPa,
(1979-2020),
SLP, and SAT, respectively.
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Table 2. Linear regression equation and coefficient of determination (R?) for each period
of TMX and HWD in the Korean Peninsula.

Variables Linear regression equation R?
TMX (1979—2020) y = 0.50x + 29.30 ** 0.16
TMX (2003—2020) y = 0.59x + 29.75 *x 0.34
HWD (1979—2020) y = 2.79x + 9.35 xx 0.19
HWD (2003—2020) y = 4.05x + 12.32 % 0.42

* 0 5%, xx

: 1% significant level for regression coefficient
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Figure 5. Correlation between the Arctic oscillation (AO) index and (a) GPH 500 hPa, (b)
SLP, and (c) SAT during the July-August (JA) over the recent 18 years (2003-2020),
respectively. The dots indicate a 5% significance level for GPH, SLP, and SAT,

respectively.
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