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Abstract Urban heat islands (UHIs) can intensify during high-temperature weather events
such as tropical nights, leading to even greater thermal stress in cities. This study investigates
the interactions between UHIs and tropical nights in Busan, South Korea, using 52 years (1973~
2024) of observational data. In Busan, the frequency and intensity of tropical nights are 48.8%
and 0.19°C higher than in rural areas, respectively, and these differences have become more pro-
nounced as urbanization has progressed. On average, the UHI intensity is higher on tropical
nights than on non-tropical nights, as warmer, drier, and less cloudy nighttime conditions on
Busan’s tropical nights lead to a positive interaction between UHIs and tropical nights. How-
ever, the UHI-tropical night interaction shows considerable variability, being either strongly pos-
itive or strongly negative. This is caused by contrasting characteristics of tropical nights in
Busan, which result from their different mechanisms and synoptic patterns. Specifically, tropi-
cal nights that exhibit strong positive interactions with UHI are relatively calm, dry, and hot with
clear skies, driven by strong insolation and subsidence under the dominance of a persistent anti-
cyclone. In contrast, tropical nights that exhibit strong negative interactions with UHI are much
more windy, cloudy, and moist. They are driven by reduced nighttime radiative cooling and
warm advection when warm moist air is transported by southwesterlies at the periphery of the
western North Pacific subtropical high.
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Fig. 1. Land cover map with the locations of ASOSs (triangles) and AWSs (circles) in Busan and nearby areas.
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Fig. 2. Spatial distributions of (a) the mean annual frequency and (b) the mean intensity of tropical nights. Urban and rural

stations are indicated by circles and diamonds, respectively.
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respectively, and the black dot indicates the mean.

W7 1 2=
o, ol we}, WA 7)1 2ol u

=
Al @A Awe] BAl Hig 4ol &

o)
e
i
i)
g o A
32
dlo
o
o > o o

3.2 Lo} 2 H|ACHole] HHA 7|A =HI Al &
Mz Ziho| A

Arfjo} 2 B]Ahol A] BA] A HAEES B2
A3}, Aol A ©A] G4 Aot HEHoR ¢ =
e RS AT 4 AN tHFig. 4). o= Fufof &
A Al a7 71 20l TA 4L el Wk
o7 A4S /TS HoFEn B HoMEe dy

olglgh o7t B=A] G4 Axe wR= FFE A
B3z} st

Table 1= dojoke} vigdiof 7+ =A] G4
i 71 84K 7], 45, dUEE
Hias vast 235 HojEy. E
27.05°CE B]goiof A KT} 340°C  E%om,
£ 300 m s'2 B|gdjok AR} 044 m s T
A Vet A=t A3 dujof Al
ok ARt} ZH2E 1.81 HAEZAE, 1.07/10 Sk
o= duok Aol iAo F T wpsestal uhgto]

)

H

Ho o
V‘V_U‘_,O
TR o S

=

O

>

N,
o

oM ol o

o

Atmosphere, Vol. 35, No. 4. (2025)



496 A Al A drfjoe] daate A

Table 1. Nighttime mean UHII, temperature, wind speed, relative humidity, and cloud cover on tropical nights and non-tropical
nights, and their differences (tropical nights minus non-tropical nights).

Tropical nights Non-tropical nights Difference
UHII (°C) 0.32 0.12 0.20
Temperature ("C) 27.05 23.65 3.40
Wind speed (m s™) 3.00 2.56 0.44
Relative humidity (%) 82.82 84.63 -1.81
Cloud cover (1/10) 5.50 6.57 -1.07
(@ , O , , : :
4 — all data (slope = 0.108*%, R = 0.236%) 4, — all data (slope = -0.236*% R = -0.337%)
—— tropical night (slope = 0.495%, R = 0.367%) —— tropical night (slope = -0.367*, R = -0.542%)

=7 -4
18 20 22 24 26 28 30 0 2 4 6 8 10 12
temperature (°C) wind speed (m s-1)
© (d)
4 — all data (slope = -0.049*, R = -0.320%) 4| — all data (slope = -0.173*, R = -0.502%)
tropical night (slope = -0.067%, R = -0.377*) tropical night (slope = -0.182%, R = -0.494*)
2 2
g o g o \‘\s{
5-2 5-2 :
-4 -4
60 70 80 90 100 0 2 4 6 8 10
relative humidity (%) cloud cover (1/10)

Fig. 5. Scatter plots of UHII versus nighttime (a) temperature, (b) wind speed, (¢) relative humidity, and (d) cloud cover on
tropical nights (red) and non-tropical nights (blue). The red and black lines represent the linear regression lines for tropical
nights and all data (tropical nights and non-tropical nights), respectively. R denotes the correlation coefficient, and the asterisk
(*) indicates statistical significance at the 0.05 significance level.
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Table 2. Nighttime mean UHII, temperature, wind speed, relative
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humidity, and cloud cover and daily maximum temperature

on the S-UHI and W-UHI tropical nights, and their differences (S-UHI minus W-UHI).

S-UHI W-UHI Difference
UHII (°C) 2.24 -1.63 3.86
Temperature (°C) 27.48 26.57 0.91
Wind speed (m s™) 1.72 433 261
Relative humidity (%) 78.82 89.69 -10.87
Cloud cover (1/10) 2.70 7.25 —4.55
Daily maximum temperature (°C) 31.91 29.45 2.46
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