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Abstract: Although tropical cyclones with wind speeds weaker than 17ms ' (weak tropical cyclones: WTCs) can cause
significant damage, particularly over the Seoul metropolitan area, only a few studies have focused on WTC activity over
South Korea. In this study, we found that WTC activity is likely associated with the Pacific Decadal Oscillation (PDO).
During the negative phases of the PDO, landfall frequency of WTCs increased significantly compared to the positive
phases at 95% confidence level. When related to the negative phases of the PDO, a positive relative vorticity anomaly is
found in the northern sector of the western North Pacific while a negative relative vorticity anomaly and enhanced
vertical wind shear prevail in the southern sector of the WNP. These factors are favorable for the northward shift of the
genesis location of tropical cyclones on average, thereby reducing the total lifetime of WTCs. Moreover, a high-pressure
anomaly over the Japanese islands would shift a tropical cyclone track westward in addition to the landfall location.
Consequently, the effects of the topographical friction and the Yellow Sea Bottom Cold Water on a tropical cyclone may
increase. These conditions could result in a weaker lifetime maximum intensity and landfall intensity, ultimately resulting
in WTCs becoming more frequent over South Korea during the negative phases of the PDO.
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Table 1. List of years classified by positive and negative phases of PDO. The years have PDO index beyond +0.5 standard

deviation from the climatological mean

Years

PDO positive phase
PDO negative phase

1979, 1981, 1983, 1986, 1987, 1992, 1993, 1995, 1996, 1997, 2014, 2015
1994, 1998, 1999, 2000, 2001, 2008, 2010, 2011, 2012, 2013, 2020,

1) A& 2 4] https://www.metoc.navy.mil/jtwe/jtwe.html
2) AF 24 https://www.ncde.noaa.gov/teleconnections/pdo/

3) k5 £ A https://climatedataguide.ucar.edu/climate-data/nino-sst-indices-nino-12-3-34-4-oni-and-tni
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Fig. 1. Track density climatology of WTCs (blue) and
STCs (red) affecting South Korea during 1979-2020.
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o] AdvsAe sk T8 WAUSY A
AR, WTCSF STCE TH3A] ¥ BF
slo] B8 7]E Aol wkZW PJ pattern©]
A9 o, sk FF UiAZIRE NETE Sk
72102 VEPHTHChoi et al, 2010; Kim et al., 2012).
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Fig. 2. Annual time series of number of TCs (left axis)
with weaker wind speeds than 34 knot (WTCs; solid line)
and larger than or equal to 34 knot (STCs; dashed line)
affecting South Korea during 1979-2020. Annual time series
of Pacific Decadal Oscillation (PDO; gray bars) index (right
axis) is also plotted. The Pearson correlation coefficient
between WTC and STC time series are presented above the
legend.
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Fig. 3. Difference of vertical wind shear between 200 and 850 hPa levels (left), and relative vorticity at 850 hPa level (right)
between negative and positive PDO phases (negative minus positive). The hatched area indicates that the differences are statisti-

cally significant at the 95% confidence level.
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Fig. 4. Difference of geopotential height (unit: gpm) and wind vector (unit: m s ') at 500 hPa level between negative and posi-
tive PDO phases (negative minus positive). The hatched area indicates that the differences are statistically significant at the 95%
confidence level. Only wind vectors showing a significant difference at the 95% confidence level were displayed.

AN BAEC R sPgE A9 ok 7P
A E wet 59 0= 2o BF k=g,
s NZoA H5g ol=dE| 7 frolatAl vehd
CHFig. 4). olzlgh w737 opk=]7h EoiA|715H %

5 MFORE HPAA Folrlo} tiFel] 2P =
gl 718 AoR FHHE. olejgt X2 A=
PDO ¢ 1% Al7lell soprlop ZAjollA Fof s
FHLE ohxde|7t UEhdel: E78ll WTIC7
s wEd Qe RERow Ads Zu. o
MEo T AFE A7 A= Sl s Fst
A Eed el AZel AR Bz A7
ool 93k Tt AR FfFHLEE Wi
A1k AEE A ¢ 7] wEelth
(Moon et al. 2010).

B oM shitee] IS mRlE WTCY &
S STCS} Hlwaly, WIC B5S zdss 8
HAUFLE PDOE AlSFetth. WTCE STCOl H]
3 WAL} FRTF BF BAZO R HdfEo] gl
© Z02 Uepth old wh s flelM e
AIZE FE 2 89 JFo gaFez ofd
FElZ Shbme] g3 F b flgd o=
EAET WTIC &5-& PDOSH 5AIHo = #2]3
=9 FH3E BT PDO Fo 91l HIs| ¢

S o, B =S AE0 R oksk AZuleel
o) o¥o] 81 Aljelr} o)) ek} JiAIt
o wlAL A oR BAG & glgem, s
wol Qude Aze] 948 dFd $29) 1719

O

=
PDO= 3ol FEs mxl= WIC €58 x4
ke T8 HAUSSE A
2 A9 WIC 59 #dzsste] zl8=o] STC
Sl gt gAISH B4 o] Fo|x|A] kA, o
714 7hs] =og & Hae vk WICSH STCE
BF xgel 7jEAelA shike g3 GuiA 7]
A7PHE32 PI pattern, PDOS} g 0] =& Z10
2 UePth(Choi et al, 2010; Kim et al, 2012;
Choi et al., 2019; Choi and Kim, 2019). 332 &
Ao W= STCE PJ pattern} vt 2] 444
S Hom, PDOSE w9 W S Bt
, WICe= €8] STC €59 8 24 WAdS
PJ pattemS AJARSHE. o} 7EA] PI patterns}
e STCHHE: tldoz g Avrt glof, &
T7F 5 g Zlog Heln,

=

(2 i o AN al
%)

A A

B A A ATke] 29 (NRF-2019R111A3
A01058100)y o}l 430 =] T,



Eill
02
ool
o

References

Choi, J.W., 2021, Spatiotemporal distribution of precipitation
related to weakening of tropical cyclones in Korea.
Tellus Series a-Dynamic Meteorology and Oceanography,
73, 1-16.

Choi, K.S., Wu, C.C,, and Cha, EJ., 2010, Change of
tropical cyclone activity by Pacific-Japan teleconnection
pattern in the western North Pacific. Journal of
Geophysical Research-Atmospheres, 115, D19114.

Choi, K.S., Wu, C.C,, and Wang, Y., 2011, Effect of
ENSO on Landfalling Tropical Cyclones Over the
Korean Peninsula. Asia-Pacific Journal of Atmospheric
Sciences, 47, 391-397.

Choi, J.W. Cha, Y, and Lu, R., 2019. Possible
Relationship between Korea Affecting Tropical Cyclone
Activity and Pacific Decadal Oscillation in Summer.
Asia-Pacific Journal of Atmospheric Sciences, 55, 557-
573.

Choi, J.-W., and Kim, H.-D., 2019. Negative relationship
between Korea landfalling tropical cyclone activity and
Pacific Decadal Oscillation. Dynamics of Atmospheres
and Oceans, 87, 101100.

Do, G, Kim, H.-S., 2021, Effect of Mid-Latitude Jet
Stream on the Intensity of Tropical Cyclones Affecting
Korea: Observational Analysis and Implication from the
Numerical Model Experiments of Typhoon Chaba
(2016). Atmosphere (Basel). 12, 1061.

Feng, X.B., and Shu, S.J., 2018, How do weak tropical
cyclones produce heavy rainfall when making landfall
over China. Journal of Geophysical Research-Atmospheres,
123, 11830-11848.

Fudeyasu, H., lizuka, S., and Matsuura, T., 2006, Impact of
ENSO on landfall characteristics of tropical cyclones
over the western North Pacific during the summer
monsoon season. Geophysical Research Letters, 33,
L21815.

Hersbach, H., Bell, B., Berrisford, P., Hirahara, S.,
Horanyi, A., Mufioz-Sabater, J., Nicolas, J., Peubey, C.,
Radu, R., Schepers, D., Simmons, A., Soci, C., Abdalla,
S., Abellan, X., Balsamo, G, Bechtold, P, Biavati, G,
Bidlot, J., Bonavita, M., Chiara, G, Dahlgren, P., Dee,
D., Diamantakis, M., Dragani, R., Flemming, J., Forbes,
R., Fuentes, M., Geer, A., Haimberger, L., Healy, S.,
Hogan, RJ., Holm, E. Janiskova, M., Keeley, S.,
Laloyaux, P, Lopez, P, Lupu, C., Radnoti, G, Rosnay,
P, Rozum, L., Vamborg, F., Villaume, S., Thépaut, J.,
2020, The ERAS global reanalysis. Quarterly Journal of
the Royal Meteorological Society, 146, 1999-2049.

Ho, C.H., and Kim, H.S., 2011, Reexamination of the
Influence of ENSO on Landfalling Tropical Cyclones in
Korea. Asia-Pacific Journal of Atmospheric Sciences,
47, 457-462.

Hwang, H.S., Byun, HR., Lee, S.M., Choi, K.S., and Lee,
J.S., 2010, Distribution of precipitation on the Korean
peninsula associated with the weakening of tropical

T
rir

foi

ORHEl Hriry (et BETt EfEY 104 37| DS Al 29

Il

cyclones. Journal of the Korean Earth Science Society,
31, 322-334.

Jones, S.C., Harr, P.A., Abraham, J., Bosart, L. F., Bowyer,
P. J,, Evans, J. L., Hanley, D. E., Hanstrum, B. N.,
Hart, R. E., Lalaurette, F., Sinclair, M. R., Smith, R.
K., and Thorncroft, C. 2003, The -extratropical
transition of tropical cyclones: Forecast challenges,
current understanding, and future directions. Weather
and Forecasting, 18, 1052-1092.

Kim, D., Ho, C.H., Park, D.S.R., Chan, J.C.L., and Jung,
Y., 2019, The relationship between tropical cyclone
rainfall area and environmental conditions over the
subtropical oceans. Journal of Climate, 31, 4605-4616.

Kim, J.S., Li, R.C.Y,, and Zhou, W., 2012, Effects of the
Pacific-Japan teleconnection pattern on tropical cyclone
activity and extreme precipitation events over the
Korean peninsula. Journal of Geophysical Research-
Atmospheres, 117, D18109.

Lee, M., Cha, D.H., Moon, J., Park, J., Jin, C.S., and
Chan, J.CLL., 2019, Long-term trends in tropical
cyclone tracks around Korea and Japan in late summer
and early fall. Atmospheric Science Letters, 20, €939.

Mantua Nathan J., Hare Steven R., 2002, The pacific
decadal oscillation. Journal of Oceanography, 58, 35-44.

Moon, 1.-J., Shim, J. S., Lee, D. Y., Lee, J. H., Min, 1.-K.,
and Lim, K. C., 2010, Typhoon researches using the
Ieodo ocean research station: Part I. Importance and
present status of typhoon observation, Atmosphere, 20,
247-260.

Park, D.S.R., Ho, C.H., Kim, J.H., 2014, Growing threat of
intense tropical cyclones to East Asia over the period
1977-2010. Environmental Research Letters, 9, 014008.

Park, D.S.R., Ho, C.H., Kim, J., Kang, K., and Nam, C.C.,
2016, Highlighting socioeconomic damages caused by
weakened tropical cyclones in the Republic of Korea.
Natural Hazards, 82, 1301-1315.

Seo, E., Lee, M. 1., Kim, D., Lim, Y. K., Schubert, S. D.,
and Kim, K. M., 2019, Inter-annual variation of tropical
cyclones simulated by GEOS-5 AGCM with modified
convection scheme. International Journal of Climatology,
39, 4041-4057.

Torn, R.D., and Snyder, C., 2012, Uncertainty of tropical
cyclone best-track information. Weather and Forecasting,
27, 715-729.

Trenberth, K.E., 1997, The Definition of El Nifio. Bulletin
of the American Meteorological Society. 78, 2771-2777.

Wakabayashi, S. Kawamura, R., 2004, Notes and
Correspondence; Extraction of Major Teleconnection
Patterns  Possibly Associated with the Anomalous
Summer Climate in Japan. Journal of the Meteorological
Society of Japan. Ser. II, 82, 1577-1588.

Manuscript received: January 18, 2022
Revised manuscript received: February 22, 2022
Manuscript accepted: February 22, 2022



