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Abstract Tropical cyclone (TC) activity on Ulleung-do and Dok-do must be defined and ana-
lyzed separately from that on the mainland of Korea (i.e., the Korean Peninsula) because they
are located 130 km and 216 km from the eastern coast of the Korean Peninsula, respectively.
Furthermore, the recent increase in the frequency and intensity of TCs toward the eastern part of
the Korean Peninsula implies a growing impact on the islands. Hence, we investigated the cli-
matological characteristics and long-term change of TC activity on Ulleung-do and Dok-do, as
well as the underlying environmental changes, for the period 1945~2022. According to our
results, TCs mainly influence the islands from July to September (JAS) in terms of frequency,
but with peak intensity in September and October. There was a statistically significant change in
1985 in the number of TCs affecting the Ulleung-do and Dok-do, marking an increase in fre-
quency of 0.45 and a decrease in central pressure of 6.09 hPa. In contrast, no significant change
point was observed for TCs affecting the mainland of Korea. The increase in the frequency of
TCs affecting the Ulleung-do and Dok-do is attributed to the strengthening of the subtropical
high over the east of Japan. Meanwhile, the stronger TCs are driven by increased sea surface
temperature (SST) and weakened vertical wind shear along their tracks. Our results suggest that
a statistical seasonal forecasting model tailored to Ulleung-do and Dok-do is required.
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Fig. 1. Influence area of Ulleung-do and Dok-do, and mean
(thick lines) and all (thin lines) TC tracks for each month
during 1945~2022. A dot and dashed line indicate the
location of the weather station and influence area of
Ulleung-do, while a triangle and dotted line indicate those of
Dok-do.
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Fig. 2. Time series of the frequencies of TCs affecting the
Ulleung-do and Dok-do (solid line) and TCs affecting
mainland of Korea (dashed line) during 1945~2022, and the
coefficient of determination (R®) between the two time
series.
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Table 1. Monthly average of TC frequency (#), central pressure from best track (hPa), maximum sustained wind speed from
best track (knot), effective period (hour), accumulated rainfall (mm), and daily maximum wind speed from weather stations

(knot).
Month 5 6 7 8 9 10
Frequency 0.013 0.077 0.244 0.564 0.436 0.077
Central pressure 996.97 987.46 987.82 982.18 975.44 983.29
from best track
Maximum sustained wind 35.00 4931 47.57 54.64 62.97 54.44
speed from best track
Effective period 1 11.83 15.57 12.80 10.23 933
Ulleungdo
Accumuloted e 26.70 56.73 21.94 31.66 5735 64.80
. Ulleungdo 16.70 2775 24.77 2921 3330 32.75
Daily maximum wind speed
Dokdo Accumulated rainfall - - 2.75 5.42 28.17 28.00
Dokdo - - 29.06 36.93 40.74 43.93

Daily maximum wind speed
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Fig. 3. Time series of TC frequency in JAS during 1945~2022 and 20-year moving-window p-values (yellow line) for (a) TCs
affecting Ulleung-do and Dok-do and (b) TCs affecting mainland of Korea. The black circle marks the year when the 20-year
moving-window p-value is significant at the 95% level. The red label denotes the change point. Boxed values indicate the mean
TC frequency during P1 (red line) and P2 (blue line), and the p-value for their difference.
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Fig. 4. Time series of (a) central pressure (hPa), (b) maximum sustained wind speed (knot), and (¢) effective period (hour) in
JAS during 1945~2022 for TCs affecting Ulleung-do and Dok-do. The red label denotes the change point. Boxed values
indicate the mean values of each variable during P1 (red line) and P2 (blue line), and the p-value for their difference.
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Fig. 5. Differences in (a) track density (#) of TCs that moved north of 30°N, and (b) 500 hPa geopotential height (gpm) and
horizontal wind vectors between P1 and P2 (i.e., P2 minus P1). The linear hatching and crosshatching indicate differences are
significant at the 90% and 95% confidence levels, respectively. Vectors significant at the 90% confidence level are only plotted.
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Fig. 6. Differences in (a) sea surface temperature (SST) (K), and (b) vertical wind shear (VWS) (m s™') between P1 and P2 (i.e.,
P2 minus P1). The linear hatching and crosshatching indicate differences are significant at the 90% and 95% confidence
respectively. Black solid line shows the mean track of TCs affecting Ulleung-do and Dok-do.
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