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ABSTRACT

This study investigates the impact of marine heatwaves (MHW) on tropical cyclones (TCs) affecting the Korean Peninsula.
TC events occurring between June and October from 1982 to 2023 were analyzed. The categorization of MHW TCs or
non-MHW TCs was determined based on whether they passed through MHW-affected ocean regions prior to reaching the
Korean Peninsula. The results of this study demonstrate that MHW TCs exhibit stronger maximum sustained winds when
approaching the Korean Peninsula than non-MHW TCs. This intensification effect was statistically significant only for strong
TCs with maximum wind speeds exceeding 33 ms™. Analysis of rainfall shows that MHW TCs produce significantly more
precipitation, with peak rainfall rates nearly eight times higher than those of non-MHW TCs. Our analysis of the physical
mechanisms involved shows that high sea surface temperatures during MHWs increase surface saturation specific humidity,
resulting in enhanced air - sea moisture disequilibrium. Combined with strong low-level winds in intense TCs, this leads to
increased ocean-to-atmosphere latent heat flux and strengthened moisture flux convergence near the TC core. These processes
sustain deep convection and reinforce TC intensity and rainfall. These findings suggest that MHWs can substantially amplify
the wind and rainfall hazards posed by strong TCs approaching the Korean Peninsula. This indicates an increased risk in future

climate warming scenarios characterized by more frequent and intense MHWs.
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et al., 2015; Smale et al., 2019). o]&]3F MHW+= Ej&1}
2ol NBHow FHE A%, BEe wY 8o 4
Al e 1) & o} So] ghtEo] Wehs
o] F2Z AYE 5F5Fo= MHWZL HHE2o g dhd
SH= A GO Z(Lee et al, 2020), EjEo] SHIEZ H1s
7] Aol MHW 89S B3 7hsAd T3 HA} EopA| 1

otk
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Eo| 7% viga B g4 AHE o
oo} 22 2 TS ZHSHH(Lin et al., 2015; Ranjan et
al., 2025). Bj£9] ZE L djfo g RE ZTFE Goju
Ao 27 oEsie, HaY LAt w24 A% 49
Zeag B9 BE UDL 24 4 YrkEmanuel,
1986; Gao and Chiu, 2010; Radfar et al., 2024; Shay et
al., 2000). &3] MHWS} 829 A5 A8-2 ¢ 7}slal T
Be P4E BN 3 U] HuH 9o
(Choi et al., 2024; Pun et al.,, 2023), MHW= HE &5
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2024; Pun et al., 2023; Zhou et al., 2025). £3] THIE
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of tiet a¥t= oEA UEh Al B e G
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Center Tokyo—Typhoon Centero]|4] A|&-5F+= best-track
ARE ARSI & AFolAE oA ZHH0E AlF
He B39 4 AARE, Aot AiALETESS &
Ao AMgSHRTh T HE9 T4 H F40] 17 ms’!
(34 knot) o]l ANt HFLE Aosto] EAI5HA
t}. Basconcillo and Moon (2023)2] H*Hof wle} g&o]
o] Qe mld 4 Uk FUL sriomyy
250 km @olHl @elo.z Holsti of Fefo] HhEol g
shel gk Qg HiEoR B,

MHWE: 0.25° A=t 19 7HES 7}Z National
Oceanic and Atmospheric Administration Optimum
Interpolation Sea Surface Temperature version 2A}&E
(Huang et al, 2021)& o]&3sto] ©X|ol¥tt. MHW=
Hobday et al. (2016)9] A5 we}, 2 AR Q] dF+
SrH2Ert g IR V1S PdghS VISl E AHY
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ARLE AL Eesto] A% 5UE 112)°] SSTE o
5 Wsto] 4B, ol% 319 oFHFE 483 &
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o 9L v A Y= A0 E WIS THTable 1). 7}
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1 oA Strong TC, 1|92 Weak TCE E5o}3th 1
A3 MHW 932 w2 Strong TCE 87l], Weak TCE
7HR O™, MHW FFS HEx] 52 Strong TCE= 217K,
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‘&A (outlier)7} EAL 7FsAdol =71 wWiZel 94 24
oL R OF1 Jo|E HEAHOE PN WY F
of 3}49] Mann-Whitney U test (Mann and Whitney,
1947)% ol g3tgict.

MHWZ} eHte < Bigol viAle 9F 2 fHAUS
2 B3] 1% oY) B4 ARE 10 SHES] Global
Precipitation Climatology Centre (Schneider et al., 2017)
Y AT 025°9 G EE 2= European
Centre for Medium-Range Weather Forecasts ERAS
reanalysis (Hersbach et al., 2020)9] 6A|7F 7H4 A 5E o]

&3t

Table 1. Monthly number of MHW TC and
non-MHW TC selected in this study

June July | August | September | October
MHW TC 0 3 5 6 1
non-MHW TC 4 18 21 8 3
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11 Aol 7b A} HAastl oy MHW TC7F AR o=
H gt AeE AEHoE [fAISHs Bl UERET

Choi et al. (2024)0] @2H MHWO] 9J3kS uko gfZ
< 1% k2 #iFol Hls| Bt Ao o =Tt oF
35% Z7}stct. ESH Do and Kim (2021)9] Ao A+= gt
e JF B39 B SAZ(B0°N o) A9 Aty
o7 U diad 2k 9 4S5 AEV|FE AT AT A

2 fEA0 ] FFo=, Aot HiFLTE FA= A Gl

fr o ¢

=
J nw e

,/ — non-MHW TC

. % MHW Mean (-24 to -6h)
Y non-MHW Mean (-24 to -6h)

45°N

40°N

35°N

30°N

25°N

120°F

130°E
(@)

140°E 150°E

Maximum Wind speed (knots)

1200 %

. MHW TC (n=15)
m non-MHW TC (n=54)

i

*% *%
*
801
601 I
404
-30h -24h -18h 12h

Time (hours,

(b)

Fig. 1. Comparison of (a) tracks and (b) intensity evolution for MHW TCs (red, n=15) and non-MHW TCs (blue,
n=b54). (a) Tracks of TCs affecting the Korean Peninsula. The gray dashed line denotes the 250 km
Tropical cyclone Affected area (TA) from the coastline. Tracks are shown in solid colors when inside

the buffer zone and are faded when outside. (b) Time-series comparison of maximum wind speeds
(knots) for MHW TCs (red) and non-MHW TCs (blue). The x-axis represents the time relative to the
entry into the TA, from 30 hours before (-30h) to 6 hours after (+6h). Asterisks (**) indicate time steps
where the difference between the two groups is statistically significant (p { 0.05) and Asterisks (*) is

statistically significant (p € 0.1)
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o B A o1 o] 1 2 BEdo] 21 o
vigto] Al =2 7R A =Hch(Jaimes et al., 2016;
Montgomery et al., 2002). 735t E]&9] o= 733t s}
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o] thr|Zo g2 HAdE 4 drt wabA Strong TC
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L gl dekgol] X1Q)3h7] o] AEE Weak TCO| H]3]
¥2 AEE AL Y71ol(Fig. 2) MHWS] 4
tiskd & 3loH, Fig. 29} Zo] 7335t g9
q 7} oFsk g£9] AHT F=EAA YE

W7} H59 A= ofyet FHF o] wlA|
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T 2 A A A5FE e SA v 5
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Table 2. Composite mean and median of
precipitation rate (mm day™") for the
Strong/Weak TC MHW and non-MHW

-12h -6h TA +6h +12h

Strong TC | mean 16.6 16.7 19.9 139 12.6

MHW median | 6.0 7.3 12.4 8.5 7.1
Strong TC | mean 3.2 32 2.3 3.0 44
non-MHW | median | 0.6 1.4 1.1 0.7 1.1
Weak TC | mean 4.9 32 2.8 2.8 24

MHW median | 4.9 3.4 2.5 22 1.3
Weak TC | mean 6.7 72 6.5 5.5 6.7
non-MHW | median | 2.6 2.8 2.9 1.0 3.0
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Fig. 2. Box plots of maximum wind speed (kt) for strong and weak TCs under MHW and non-MHW conditions.
Red boxes indicate MHW TCs, and blue boxes indicate non-MHW TCs. The x-axis represents time
(hours) relative to TA. Horizontal line (black) indicates the median
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Fig. 3. Panels a—e, f-j, k-0 show the latent heat flux (LHF, W m~2) within 5° radius at 6-hour interval relative
to TA for MHW (a-e) and non MHW (f-j). Panels k-o illustrates Difference between MHW and
non—-MHW. Statistically significant differences at the 95% confidence level based on a two-sided Mann

-Whitney U test are indicated by dots
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