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Long-Term Variations and Relationships between Urban Heat
Island and Air Pollutants in Seoul over the Past 20 Years
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Abstract In this study, the long-term variations of urban heat island (UHI) and air pollutants were analyzed using air
temperature and air quality data observed in urban and suburban areas of Seoul over the past 20 years (2001~2020). In
addition, we investigated the relationships between UHI intensities and air pollutant concentrations during the study period.
The UHI intensities, which were estimated using the mean and maximum temperature, showed a weak increasing trend
(+0.006 and +0.067°C yr', respectively) during the study period. In contrast, the UHI intensity estimated using the
minimum temperature showed a decreasing trend (-0.124°C yr™") because the increase in minimum temperature was larger
in suburban areas than in urban areas. The UHI intensity showed a continuously decreasing pattern when wind speed
increased from 0m s™ to 4 m s™', but little change was observed when wind speed exceeded 4 m s™'. Moreover, the long-term
decreasing trend in primary air pollutants (e.g., CO, NO,, SO,, and PM,,) was observed for 2001~2020, whereas the increasing
trend in O3 concentrations. In correlation analysis, we found that most air pollutants (except for O3) showed positive
correlations with UHI intensity during the study period (CO: +0.354, NO,: +0.415, SO,: +0.088, PM;4: +0.118). At the same
time, O3 was negatively correlated with UHI intensity (r=—0.450). For most air pollutants (except for Os), we also found
stronger correlations at night than during the day. In addition, the concentrations of primary air pollutants tended to increase
with increasing UHI intensities (i.e., increasing UHI levels), while O3 concentrations tended to decrease with increasing UHI
levels, suggesting a potential interaction between UHI and air pollution.
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210 TS, &2, ol = 4H!

(Urban heat island, UHI) @4o] YEl47]| = Jtch
(Jang and Kim, 1991). 3t T A|S}o]| w2 UHI @4
2 EAAS] 7] 2o} Bane] WES 2o

=l
T Qlth A&o] AlEA P72 EARRE 25
= =7 Uehths @42 23197 (The Seoul Res-
earch Data Service, 2013), <=2 -9 H| A3}
Aol u]sl A5} A|oJ0] o5 o] oF 9%
o =A YJeRETH(Oh et al, 2005). ©]of thgt Yo
= TAIS}F atof o3t UHIY 2|29 AF 7] do]9]
Heh 3A FFS FUAE AT daso] drt
(Han and Baik, 2008; Diem and Mote, 2005; Oh et al.,
2005; Rozoff et al., 2003).

TASke} grEste] WA e[ EY #EAtE 9
2ags o =AY 7123 UHIO thet B2
A7E Q3= o] gt o] 2Rt AFE2 F= EA|1]
5 wste] upg UHIC Hs} 3 540 =4S £
WA, 71884 (=%, Ao, 35 )9 #Hal
w2 UHI %= (intensity) @] H2E A2 455
21th (Hwang and Kang, 2020; Kim et al., 2014; Kim
and Choi, 2012). =5F UHI?} 7| L FEZA Ato]9]
e sk A7 i v QAT /&
7] ERLHAEES ol8ste oo JUEAE
grsl= A7 diF-Eo] 3t (Ngarambe et al., 2021;
Park et al., 2016; Jang and Kim, 1991). % & £¢1, Jang
and Kim (1991 A&7 98 tho s oj4tsis
(S0, SFES EAGA Aolo] HTHEE BAsHA
om, 11 A3 JAAT7E 035~0.58 AR HhA &
S-S 93 #vt Qloh Ngarambe et al. (2021)°A &
UHI ZE5 11 7o 2 ro] 730 di7|e 9=
Ao] S BATE A3t 2F(0,)S AR U
2] 7|84 71Z2EZ (CO, NO,, SO,, PM,,, PM, ;)
of| Al Fo] Aol UEeTh. o] fofk 4] | o4
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2 Ao A= et A 7P 2 AR A
=2 AR T 2097 (2001~2020) 9] UHI 7
Lot 71 dEH 9] B7Hst FAE AW EIT
ATl &2 2020 7|F M= 91F9] oF
19%°]l siFsh= Q17 AFA| Holar (of Hvt ol &
b, & o8 Ao Hlof AR 9 Abdebrt 7
ol 285 2ot gt & Aol A= A
FHCRE 77| UHI Z&et t7] e dE4y
e A5 o Qo AF7ZE Bt
7127 (84, %ol T2 UHI ZFo] HshE H]
A5HIT.
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Al, &2}, A1) AR o]t (Park, 2019). |27t A
S84 E 29H g0log A&l A QL
= o A gow, o)A
A 9 2 A A EX|nEe] 2 ¥iskE 7t
ATt AE 501, 2020 A0 252 FEU
7} 2002 tH] oF 0%t of F7FSHSIAl (MOLIT,
2021, 2002), 20001 {4 2010 d7F A-29] 2]} A
g2 oF 40 km*7} Z1EQITH(EGIS, 2018, https://
egis.me.gokr/). |23t M3h= A& A 9] 7]
3t & 7|23} gl & FFS FUth A2A+
t|o]E] A 1] 2 (The Seoul Research Data Service, 2013)
of W21, 19109 thH] 2012 2] 7|22 <F 2°C, 7
T2 oF 600 mm F7FoFATE TS -2kt 7143
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H] 2|2 20209 9] 7] 23} 72 747} 0.4°C2t 300
m H&E 7R A0 2 Vet
£ AT 2 2017 (2001~20209) A2
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o] SEAIE=7E 100 m ©]5HY] A|FH o=
=, TAA o] sfdot=
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Fig. 1. Geographical locations of six sites for urban air tem-
perature (red circles), three sites for suburban air tempera-
ture (yellow circles), six sites for air quality (blue triangle),
and the Automated Synoptic Observing System (ASOS) for
three meteorological variables (star), such as insolation,
amount of clouds, and sunshine. The abbreviations in the
figure stand for the following: KMA: Korea Meteorological
Administration; JN: Jung Nang; GC: Geum Cheon; YC: Yang
Cheon; DDM: Dong Dae Mun; SD: Seong Dong; GY: Go Yang;
CP: Cheong Pyeong; and YI: Yong In. The air quality monitor-
ing sites are located close to the meteorological monitoring
sites, respectively.

Q2|2 AI7FA| S} Hl& (30% HIRho] Wil 2
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Fig. 2. Influence areas and land cover categories(residential, commercial, transportation, public facility, cultural, and industri-
al) within a 2.8 km radius from the center of each meteorological monitoring site ((a)~(f): urban site and (g)~(i): suburban site,
as seenin Fig. 1).
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Table 1. The area ratio (%) of land use categories within a
2.8 km radius from the center of each meteorological moni-
toring site in an urban area.

Hr:

Land use Site

category KMA UJN GC YC DDM SD
Residential area 626 618 613 550 545 441
Commercial area 154 144 238 256 186 238
Transportationarea 155 16.0 40 116 181 212
Public facility area 52 59 58 54 69 78
Cultural area 1.2 1.9 1.5 1.7 1.8 1.9
Industrial area 0.1 0.05 3.6 0.8 0.1 13

2KMA: Korea Meteorological Administration; JN: Jung Nang; GC: Geum
Cheon; YC: Yang Cheon; DDM: Dong Dae Mun; and SD: Seong Dong.
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Fig. 3. Yearly variations in (a) mean air temperature and its UHI intensity, (b) maximum air temperature and its UHI intensity,
(c) minimum air temperature and its UHI intensity, and (d) urban air pollutants (CO, O3, NO,, SO,, and PM,) in Seoul during
the study period (2001~2020). The dashed lines in each panel represent the linear trend lines of air temperature (mean, maxi-
mum, and minimum), UHI intensity, and air pollutants during the study period.
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Fig. 4. Monthly variations in (a) mean air temperature and
its UHI intensity, (b) maximum air temperature and its UHI
intensity, and (c) minimum air temperature and its UHI
intensity in Seoul during the study period (2001~2020).
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Fig. 5. Monthly variations between UHI intensities(as seen in Fig. 4(a)) and urban air pollutants ((a) CO, (b) NO,, (c) Os, (d) SO,,

and (e) PM,) during the study period (2001~2020).
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speed (WS) and (b) amount of clouds during the study peri-
0od (2001~2020).
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Table 2. Pearson correlations between UHI intensities and
air pollutants calculated using hourly data over the past 20
years (2001~2020).

Air pollutant

UHI intensity © 0, NO, SO, PM;o

(opm)  (ppb)  (ppb)  (ppb) (ugm)

All (Day + Night) 0.354** -0.450** 0.415** 0.088** 0.118**

Daytime 0.332** -0.411** 0.357** 0.056** 0.043**
Nighttime 0.342** -0.303** 0.491** 0.235** 0.201**
Daily mean? 0.399** -0.245** 0.517** 0.338** 0.175**

** Correlation is significant at 0.01 level.
#Values represent correlation coefficients calculated using daily mean
data of air temperature and air pollutants.
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Table 3. Pearson correlations between UHI intensities and air pollutants calculated using hourly data at six urban meteoro-

logical sites during the study period (2001~2020).

Site?
Air pollutant
KMA IN YC DDM SD

€O (ppm) 0.407** 0.211%* 0.352%* 0.176%* 0.312%* 0.231%*
PP (0.474%)P (0.193%%) (0.403%¥) (0.116%%) (0.399*%) (0.267%%)
0, (opb) -0.411%* -0.306** -0.490%** -0.381%* -0.380** -0.379**
3PP (-0.290**) (0.000) (-0.346**) (-0.146**) (-0.164*¥) (-0.246*%)
NO, (ppb) 0.436** 0.287%* 0.376%* 0.265%* 0.410%* 0.289%*
2(PP (0.520**) (0.341%%) (0.437%%) (0.324*%) (0.506**) (0.372*%)
50, (ppb) 0.112%* 0.056%* 0.005* 0.046%* 0.138%* 0.042%*
2 (PP (0.286%%) (0.248*%) (0.147%%) (0.196%%) (0.394%%) (0.246%)
PM. (ug m™) 0.095%* 0.074%* 0.039%* 0.043%* 0.148%* 0.098%*
10{Hg (0.120%%) (0.118%%) (0.034%) (0.036%) (0.288*%) (0.130%%)

*** Correlation is significant at 0.05 and 0.01 levels, respectively.

2KMA: Korea Meteorological Administration; JN: Jung Nang; GC: Geum Cheon; YC: Yang Cheon; DDM: Dong Dae Mun; and SD: Seong Dong.
bValues represent correlation coefficients calculated using daily mean data of air temperature and air pollutants.
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