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Effects of Urban Park on Thermal Comfort in Summer
- An Analysis of Microclimate Data of Seoul Forest Park -
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ABSTRACT

This study investigates the heat mitigation effects and thermal comfort improvement due to urban parks
during summer. Self-developed monitoring devices to measure long—term microclimate data were installed in
three spots, including the park plaza, waterside, and roadside in Seoul Forest Park, and measurements were
taken from July 9 to July 30. The results of the measurement are as follows. The daily temperature of the
park plaza and waterside were found to be 2.7C and 2.9C lower than the roadside and 5.5C and 7.4C
lower than the roadside from 10:00 to 16:00. In addition, the Universal Thermal Climate Index (UTCI)
measurement was applied to measure the thermal comfort at each point. In the average daily analysis, a
significant  difference was found between the park plaza, the waterside, and the roadside, and a greater
difference was found between 10:00 to 16:00. Also, although there was no significant difference due to the
weather condition, a statistically significant difference was also found in the average PMjy and CO,
concentrations. It is found to be higher in the order from the roadside, park plaza, and waterside for PMq
concentration and park plaza, roadside, and waterside for CO,. In sum, although the difference in measured
microclimate data and thermal comfort index results were different depending on the time and weather

conditions at the three points, the park plaza and waterside, which are located inside the park, showed
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improved thermal comfort conditions and lower temperatures than the roadside outside the park.

Key Words: Thermal Comfort, UTCI, Microdimate Data, Environmental Monitoring, Urban Green Space

1. M2

1.1 g4t HYiE

TA| FHo] o5 BAREE Atk @eEs Jdeke AL okt dseld FHEO] $ekPark and
Cho, 2016; Ahn et al, 2016; Yao et al., 2020; Li et al, 2021). © Yop} Sejue] AL nHA] E3t =
Q% AR HeEHA, o] 2% 9 A%k AT S nNHA] Azl ofugt Rk wiAl=A] wE
AL SRS APEo] YriHwang et al, 2018; Park and Lee, 2020). A4 342 Ge4a} n)7|AF 2
3ol Fagt FFS I} FE T LS dor|n T5RRs Aol TAY @ S SR
Z 9% & 4 (onsson, 2004). Eo] 7| ¢Hsle] wlE 2k A5t TA] G4, EEI 22 @do] RIH|
A3 w7 5 7P T EAPE GElEA BA] FEE 3R A =2]9] gt disl] Bilo] B EolA]

il

0 Qlek. gHA o]o} o] kA FH] @8 NHENE BASH ATE2 BAT, AAR A7Ie] HY HlolHE
FHKE Aol ofF7] wige] e FH9] ATse] AlEtloldE B&SHAWHKIm et al, 20103 Lim et al,
2013), 8 4 dlolH JFALHYoon and Ahn, 2009; Park and Cho, 2016) 52 ©7]7ke] =4 fofg]
(Ryu and Lee, 2014E Y oR AFE FgE] gtk o]gd AR 71E9] I FEY T
7V A= HiEReE A et A7 B2 o, digdo=s gAY A ol Fol sl
g W BatE B4 1o

g 22 VY &% HelEE S4ck Tejoke AHlet 71as0] HsA, 71 dtlelE
Wt ofe} Hajeg Hlof ot 579 Hlofel7t B gololAl $E e girk. E5] AnfEZ
tigt Thilo] FHERA, FholME tiefRt FE9] Hlofel7t 585 Icklee et al., 2019; Kim et al, 2020).
£3] ofso] 7FssiAu A7) Hlolelrt AR WAl os AHIE Fidelo], Z|&9] o] ofigld m7)d H|
oElE 2A5K= AT ARHIEo] Lol tkMiddel et al,, 2019). ©]&igt HollA B Ao 714 244
£ &8slo] o5d TAFEY] @3 ¥ OE 7V X5 HSE SAlditt Bo] Yok AHelA SX4S
S Qe Y] oldE A T = Ret R T B A Sk vnd 5 QlER AAE
At E3t o]gA E4HE P TSARE SO, @ HAGS SHoke Aol Ll 2%
Universal Thermal Comfort Index(UTCI) #41& 2-8slo] A 349 & &4 I 83} ofFA H=AE <
Q53T

ok qf
fo
ol SE:

]_

=
—
24

O

P}
™
o2

J
rg b
et

L ﬁ o
53

iy
o, el
z
g
[y
ol
&

].

O:

i

ol

&t

N

i

T 1o

ofl
%
-

ofll

Oz

1.2 ddA7 HE

TA 3] 2 2 7V S5k BistE Soke AT TRt A9t 1] 29 dhdeR ¢ o
TFolA RgiElo] ghek =uie] Atolldls AAH =2 39U 27] 9 2| whE 2EARt aikE wAskA
Wlee et al., 2009; Yoon and Ahn, 2009; Park and Cho, 2016; Ahn et al, 2016; Park et al., 2017), £%
TUE der 24 W 58 Y Yolo] 25 HWSAWHKIm et al,, 2010), 34 W £} Aol &
d 4245 et A7 Ryu and Lee, 2014) Fo] Hgslo] gk, Fet FUo] ulHHA] At SIHE BAok=
A HHwang et al., 2018; Koo, 2019; Park and Lee, 2020; Lee et al., 2021; Ahn and Hong, 2021)%= €45t
A A=A olgt vt AfEelAe B 399 2F 9 nNHA] A7to] fonRt Aos vehdoL),
A1 1ot Hele 399 Z719 93] B3 24 Hat 7)o wiebA tEA] et AAR FelA
% 99 =9 e o] SIAIg 7|1t opet kA9 mojat e, EX| mE gH| 5ol weiE &
2 4 Q7] WRo(Chang et al., 2007 Lau et al,, 2012), A¥29l Ax= 77| t24 yehdch

SeloME AEEE 7IEoE A FY F 529 & A GIE BASKE HRt 0] AdEe] o
ItHGeogi and Zafiriadis, 2006; Yang et al., 2016; Cheung et al., 2021 Li et al, 2021 ¥Z). olzst d1&
E5] 3ol & A Ao ofmet JFE AL e EAEE @l ofudt FFE mReA] BRH

A Q7S] witk. ol4w e APSeld ekt 25 A7) Tk 2] thEut 08-38C Aol

>

q

ro 3o

o

SHE2 55| A 50 65(EH 2145) |31



CIEE ZAISRIe| g ik

r
E—llll

A vehd 73971 o (Chang et al,, 2017; Lee et al., 2009; Cohen et al., 2012; Yan et al,, 2018 ¥%), &
At AQol= 5-7C Ar7A ] avE Yeil= A9E ItKOliveira et al, 20115 Yan et al,, 2018). ©]=igt
LA gk 3 yiEo] opd Fl FHER ShAbE 4 Ql7] wiEof|(Doick et al., 2014; Yan et al.,
2018), &A] FU9] B TARHES JHA Sl Al §lo] & gTE & 4 rk T 7|29 dE 2ol
49 & 34 AW B FEY dEY 9, 71 24 Bl wEF tEr] wigel|, A 2ol wEe] &4
Sk Zlo] Zasirh

-
o

KN
=

2.

re

;l.
A7

Ao A B9 antE Y S ffot] S Al S AR 9919 71 HlolE opd F¢
Y £ Aeld 34T 5 ke m7ld ElolElE ekt siSiek. o5 Siole] Algell sl Y= 71
A Aot ulES st nPlY 34 BHlE AR 7, o5 Z&sto] A dvd A 7l ElelEE
ololet. 71Eel ZgElo] S 7V S AgHIS] A Z7F A ARIES] Bao] we Aol AAJsl] ofgl
om, 2P 8] AR AR HolEE 45ok] ofete A 9 APE Qlol o] 2= 24 dTelAe 2
oA SEEA] Fotglrt. ofell 2 Aol AREQ] Baolut &5 Wols A S 4 AEE gH|Y| 2
717F 23 EE A7) A Elof 47do] 7hssles AQe] Fgo] 7Fsoh vofE] £3E dARIe R &
Qe 4= 9= EF IS ANdske Aol S Ttk ool Algeld =l gl 7V SA(PMys, PM,
CO,, 2%, %) AHI Ecowitt WH02959t 71e} A5 E-8oto] 54 tdRIQl ofe] 39 5ol B 4]
& helgiet. s gHle] A 5ol 7hsohal elofuolrt AAE 4 Y= AW BEY 71 38E 9l v
o ZuIG7] wiEel, 2 Aol Z15olt AR Foll 1ol 7Fadt ZetaE Ao sloldtA <t o
et s Hxele], Foig elojuto] |25 9 AAjsle] ofe] hEelA 242l MY gt ejoluto]
AZo] 7Fsoles olgirt. Eet 7S AA7E SoiaE Bl bl QA A9 ARl Sgkt Aot o] o
7ol AAE uis vize]] widio] St & FFo] 7FsotiA W7t 7hst BovgH] <ol ol ARt 71|
o[e] Z4o] k5ol olSirh Hlole] a4 18 HA0R SRS AAoiilon, AARoR 2eR] AfH|
e 4 Jes dote] 71 Z7dolu v WA Fo Qlsto] dlofe Sl Al fheAl At X9
Ee A 7R SRIsIeIE 2 Aelld AR 71V lole] 37 gule] fEat 3 Helet I S B2 o
2¢] Figure 1 2 Table 13} 2tk

E5h S A0E vEoR 24 AR RS IR nrld SA0] Aols AuEy] Sl 37 Bk

5] g
= 5ol AFH Aol vlustglon, $AA fobde 4 wiAl EihEA(one-way ANOVA)E Z-85to] Ao}

2 fdA|

N
2

rhe

O

a: Measuring device installed in the park sgaure b: Measuring device installed in the waterside

Figure 1. Installation of measuring device
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Table 1. Function and specifications of measuring device

== Duncang 8slo] BE A4 7 |48 A%stant. ol dA 54 AdE &
Joto] dEHor Farl= 4 FAA 2B Universal Thermal Comfort Index(UTCDE &&519itt UTCl=
UTCL Ejojx]e] ARsE Caleulator(tool ver2)E -8slo] Atetolom, Altel glol Qg 71 7a), B

Function Measurement Range Accuracy Resolution
Temperature -40°C-60°C (-40°F-140°F) +1°C or£2°F 0.1°C or 0.1°F
Humidity 1% -99% +5% 1%
CO, 0-40,000ppm 400-10,000ppm  (30ppm+3%) Tppm
PM 0-999ug/m’ 100ugfn, £15% Tug/mi
Data measurement = 9 {100ug/n?, +15ug/m’ 9
100 ?, +25%
PMo 0-999ug/r? J100ug/g/, £25% Tug/m’
{100ug/g/m’, £25ug/m
300 to 1,700 hP.
Barometric © . a +5hPa 0.1hPa(0.01inHg)
(8.85 to 32.5 inHg)
Wifi Portable Wifi (Wifi egg)
Power supply Supplementary battery (60,000mAh)
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a: Park square b: Waterside ¢ Roadside

Figure 2. Installation locations of measuring device
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Table 2. Results of measured data and ANOVA test(Jul 09-Jul 30)

Classification n Average SD F p-value Duncan
a. Park square 5,043 27.2 38
TemF(’fCrf W b Watersie | 5,043 270 32 740.9 0,000+ ab (¢
C. Roadside 5,043 29.9 54
‘ a. Park square 5,043 76.8 14.9
Hu?/l‘;'ty b Waterside | 5043 78.3 124 12274 0.000% c(a(b
C. Roadside 5,043 64.8 174
a. Park square 5,043 4.5 27
(UF;’\;I;;) b. Waterside 5,043 30 2.3 2,396.7 0.000% b(a(c
C. Roadside 5,043 7.8 5.2
a. Park square 5,043 4.9 27
(UF;'\//::3) b. Waterside 5,043 35 24 2,180.0 0.000% b(a(c
C. Roadside 5,043 83 54
a. Park square 5,043 391.3 25.1
(;?:]) b. Waterside 5,043 3.7 20.3 817.1 0.000+ b(c(a
¢. Roadside 5,043 386.0 29.1
"X0.01
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Figure 3. Daily trends of temperature, humidity, PMio, and CO, (Jul 09 -Jul 30)
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Figure 4. Temperature trend during 10:00 - 16:00 (Jul 09 -Jul 30)
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Table 3. Results of measured data and ANOVA test during heatwave (Jul 09 -Jul 30)
Classification n Average SD F p-value Duncan
a. Park square 1,148 32.7 25
Tem‘g’ Wy Watersde | 1,148 308 16 2,069 0000 b(alc
¢. Roadside 1,148 382 4.0
a. Park square 1,148 56.8 83
H“gl‘;ity b. Waterside | 1,148 64.0 53 2,905.1 0.000° b(a(c
¢. Roadside 1,148 40.3 88
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Table 4. Number of observations by UTCI index (Jul 09-Jul 30)

UTai('C) UTd Value Park square Waterside Roadside
Above +46 Extreme heat stress 27 7 66
+38 to +46 Very strong heat stress 78 103 68
+32 to +38 Strong heat stress Al 72 64
+26 to +32 Moderate heat stress 83 K] 17
+9 to +26 No thermal stress 192 181 136

+910 0 Slight cold stress 0 0 0

0to -13 Moderate cold stress 0 0 0
-27 to -40 Very strong cold stress 0 0 0
Below -40 Extreme cold stress 0 0 0

Table 5. Results of measured UTCl and ANOVA test (Jul 09 -Jul 30)

(assification n Average (SD) Median F p-value Duncan
a. Park
451 30.3 (9.2) 27.8
square
Overall UTC(C) : 11.826 ( 0.001 ab(c
b. Waterside 451 30.1 (8.5) 28.2
¢. Roadside 451 32.9 (10.7) 29.7
a. Park
UTA during day square 247 36.5 (7.4) 36.2
8-20 ; 17.609 ( 0.001 ab(c
% b. Waterside 247 35.8 (6.6) 36.8
¢. Roadside 247 39.8 9.4) 38.8
a. Park
UTA during day square 131 40.2 (6.8) 40.7
10-16 ; 21.290 ( 0.001 ab(c
o b. Waterside 131 38.8 (5.6) 39.7
¢. Roadside 131 445 (9.1) 44.5
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