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Influence of Playground Land Covers on the Human Thermal Sensation
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ABSTRACT

In order to investigate the effect of various pavement materials (artificial grass, natural grass, and clay sand) on the
human thermal environment, the microclimate data in early autumn (air temperature, humidity, wind speed, and shortwave
and longwave radiation) were measured and compared on each surface. The mean air temperature, humidity and wind
speed of the pavement materials did not differ significantly and showed the greatest difference in the mean radiant temperature.
Natural grass, which has the highest albedo, has the highest amount of shortwave radiation. The artificial turf had the
highest surface temperature and the highest amount of longwave radiation. In the human thermal environment index PET,
artificial grass > clay sand > natural grass. Natural grass had a maximum 2/3 level lower and a mean 1/2 level lower
in PET as compared to artificial grass. The clay sand pavement had a maximum 2/3 level lower and a mean 1/3 level
lower than the artificial grass. Natural grass had a maximum 1/3 level lower than the clay sand pavement. Their UTCIs
showed smaller differences than the PETs. Therefore, it is necessary to carefully choose materials from the planning stage
when designing outdoor spaces, including playgrounds.
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Figure 1. Study sites
Legend: @ Inhwa elementary school-artificial grass @ No. 42 Children’s park-clay sand @ Dong girls’ middle school-natural grass
Source: Maps from http://map.daum.net
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a: Inhwa elementary school-artificial grass b: No. 42 Children’s park-clay sand

(SVF: 0.983) (SVF: 097)

(SVF: 0968)

c: Dong girls’ middle school-natural grass

Figure 2. Photographs and fisheye lens photographs of the three study sites. Fisheye lens photographs were taken using Nikon Coolpix 8800
camera with Nikon FC-E9 Fisheye converter lens and Nikon UR-E18 converter adapter, and sky view factors (SVF) of the photo-

graphs were calculated with BMSky-view (Gal et al, 2007)

Table 1. Instruments for microclimatic data

Instrument
Data Name Accuracy Manufacture
Radiation CNR4 Net Radiometer < 1% (—40~80C) Kipp & Zonen Inc
- Air temp.: #0.3C(—80~60C)
Air temp. and relative humidity HMPI155A - Relative humidity: 2% (0~90%)
3% (90~100%)
- Wind speed: 0.1 ms™' (< 101 ms™)) Campbell Scientific Inc
Wind speed and direction Met one 034B-L Windset +11% (= 101 ms ™)
-+ Wind direction: +4°
Datalogger CR1000 #0.06% (0~40TC)
+1.0C or £1.0% (0~6507T)
Surface temperature Fluke-62 Max+ £2.0% (—=10~0TC) Fluke Co.
+3.0% (—30~-10TC)

2 HWAs 0¥ 3 AR wE HAvlee BY Qlx
i, RAIE, AR £ g Zb7) 2777, 273T, 271TC=E
Uehl, 1 Aeol= A 06CTE A= SUcHFigure 3 3.
A ER 7129 HY e AxZ 7 14:300 284°C, BF
AEE 14:0000 2807C, AAZE = 14:3090] 279C2 7V =
A Uegth HFAUEFEE 7123 B E 7o) 2 %
A7} 633%2 714 BRLOT, FALE 655%, AN 664%
TOE 7]2o] 7P v AT At Y 31% =
A Udebtou, B384 % (mean absolute humidity) 2 &
g B A3} 027 169gm °, PHALE 17.1gm °, HARY

1726m 2 UER} jol= A9 it HaEao 9
tls} vREEZ}F 23ms 1R EYt

28ms 2 Yehdth mwe Ad
npALES) Q1% Aol Hlg| o AF

AREAR Fuael o

99 4 Ht7)eS Has) B

TCE F98 43E Holon, 73_

< e BTk 28y 1 Aol

e 1‘49} oPAHEZ} 26,
z& U7k %64CE 4R

399 06CHT 22 03T

2 ofF muE AAE HejFo, o] ﬁ?@#ﬂ/ﬁb 71—‘101

2o}%S TAATE A7 QA PAE GRS AAE

shRxZs|X| | 474 35(20194 62) 156



Journal of the Korean Institute of Landscape Architecture 193

— 30 —_ 50
I X N
T z £
F] 5 =
E 28 E E
8 = 2
5 2 Z
” k] S
<C 25 2 50
K R C IR e FSEFEFFPLFF LS PSS
Time Time Time
a: Air temperature(C) on Sept. 3 b: Relative humidity(%) on Sept. 3 c: Wind speed(ms™) on Sept. 3
30 - 7 50
3] £ %
-g 28 .‘E 70 _§,
= T "
E 28 g 65 E
g 27 1 = 60 %
E g b
2 3 s 55 £
= = H
< 35 & 50
O D L0 O O 0O D N O D O D
FSEFLSF LIPS PSS S FF I ISP PSP E P R N N gt
Time Time Time
d: Air temperature(‘C) on Sept. 4 e: Relative humidity(%) on Sept. 4 f: Wind speed(ms™!) on Sept. 4

Figure 3. The measured microclimatic data
Legend: == Natural grass  —— Artificial grass Clay sand
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Figure 4. The measured surface temperature

Legend: —— Natural grass = Artificial grass Clay sand
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Figure 5. The measured solar(shortwave) radiation and terrestrial(longwave) radiation. S and L mean shortwave and longwave radiation,
respectively, and up and dn mean from sky hemisphere and from ground hemisphere, respectively

Legend: —— Natural grass  —— Artificial grass Clay sand

7P A dEber, A4 672Wm Y PR 654Wm o

To 2 YeiEth(Figure 5 #3). AEHE(ground hemi- g o

sphere) o141 WhAKEE B|OFEAI LA (S_dn) Aol 118 g -

Wm2 Q22 66Wm % WHAIE 36Wm ? £0.2 nAlEs} . )
71 A T Bl AR LA HhARES] 2 (albedo) £ o —— s
T AR 7P w2 019(19%) 8 Heor, 12t S P PP P S P P S PP P
01(10%). PRAHE 006(6%) =02 B Asks B rk(Figue T T T T e T T
6 2%). SN BEEE ATEANA(L_up)E a Albedos on Sept. 3

AZFTE 7P =2 437TWm %, PRAEE 409Wm 2, Az

384Wm R 7PE B AFAE HFL, AFHuEo A
HEEE A FEARIUR(L_dn)E 23T 538Wm % vt
AFE 532Wm % HARTY 508Wm ? £02 L_upd T
A%E e,

0.1 'ﬁﬁwﬁ

0.05

Albedos (1.0=100%)
2

o

0¥ 4¢ S_up% ﬂﬂ?ﬂ-t}g} o1z 77t 734WH172, 733 N@“‘@ﬂ?\@“o@ ;EP j:‘b@%ﬁ“‘\@“\p“ &9‘3 N,,;P é,:;?'\,d@ 4\9“‘
Wm 2 7F =9%em, phAEsL 719Wm 22 23 W Time
Uehstth o] dae 3934e 25 vEA delEed, ol b: Albedos on Sept. 4
Hog2E FEAARANF(SVE)7F 71 B Az oA 7}

. , . Figure 6. The measured albedos(1.0=100%)
;‘(’]’ EZ gk Herdolof 6W”J(F1gure 2 %}—7‘:) FHdE Legend: == Natural grass = Artificial grass Clay sand

F2) Q) ek gebd S gl AR WAL

(reflected solar radiation) 2, 7F7ke- ARelgtal sltlete -5 & 719 Jo] F A0 Holw [ dnd AXEH 2%}
o Ak Fei 5 iV gEel mE FFA <ls) S_wel ¥ Feologtw & 4 ATk

o 2 £ 9& Aotk S_dnd HAZTIE 130Wm ? % % BgEAUAES SuEst 7P B3 A
0% 7P w7l vertor, 2 69Wm Y vRIE 2Wm * g5o] s BA Ygkork, AFEAMUA S HEA A
TOE W vEbEn o mE R 39 Ader fA 5w enuh shiES RAA R Az 5N 7}
s AAZT 022(22%), %2 011(11%). "MHE 007 & =7 Yok(Figure 4 3%), & B 2 AFEA| A ZS
(7%) o2 vebdet L_upke A2 27Wm™? vHEE  vlxs] & o AZJ>AAZ>IE $08 %2 43
3BTWm ™, AT 3BIWm R 343 FIF £MF et & BAY T19ER du $5Y YRR FE 49
Fom, L dndlME Q2T 557Wm %, PRAEE 551Wm BEe BjOFE A A HIARSQ] Q=R T A TEAN YR
AQAY 530Wm * £02 393 FUa vtk Lup  7b o 2 43S mAE 208 YeHTh T 2HEIA

sh2xAsE(X| K| 478 3520194 6%) 17



Journal of the Korean Institute of Landscape Architecture 193 SIER| - ZAlDE. HRAT

A7 SRAAFE AEs7] Sl s oF ke 7 T8 oo o3l Ja S Ao, Feet FAZ AL 5 9
84F F dhtelth 99 3 aUr 2] T A A=A 7H o] BAdll= EAIZIA dskem, Xzt lolE Zw
581C, 577CE 7P =2 8 BHYoH tSo = AAzT] Z9F 70 A7HEn
7]' 536C 538C=, vAEZF 533C, 531 TR 7 v

BHAth(Figure 7 #2). 23y S_updllA dz7kt e H] 3. IR 20| mE ol7F PsZAX|4 |
SH AAZT 9 vAEZL 98 39 Z2H2H 10Wm 2(=04C Thwe),
98Wm 2(=12C Thp). 92 496] zb2F 1Wm 2 15Wm 2 PET =23, 99 3¢ Azt = 30.7~388CE warm

(=07C T AL S HYOHE 9] ARE o) &3l 7,5 (MEEgh oA hot(B) AEe] Meloll &3l A= Yels:
BANTGH HAATE 5400, 538CE, FAHEE 545C, o, WRIEE 30.1~364CE JdRATETE 27 e 3k
538TE Y&} AFAT>UAIESHART| Y] 02 =& 7, . Yepision, =LA warmol A hot7hA19] Mol &3tk
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a: Mean radiant temperature on Sept. 3

Thermal perception | PET (°C) | UTCI (°C) | Grade of physiological stress

65 <=40 Extreme cold stress
- Very cold <4
2 &) &0 —27~—40 Very strong cold stress
5 g ZZ | - R Cold 4~8 | —13~-27 Strong cold stress
o !
; ?‘j a5 !ﬂ{:‘ Cool 8§~13 0~-13 Moderate cold stress
[}
% E‘ 40 Slightly cool 13~18 9~0 Slight cold stress
& 0= Neutral 18~23 9~26 No thermal stress
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'&Q&u@,,}b @0.,;5 & ,,,QO@ ap o ap'\’ Qe@.,,o%b@@%eo@ Slightly warm 23~29 Slight heat stress
Ti Warm 29~35 26~32 Moderate heat stress
ime
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Figure 8. PET and UTCI results
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Table 3. The maximum and mean values of PET and UTCI differences between the ground surface materials

PET (Sept. 3) UTCI (Sept. 3)
C % C %
Max Mean Max Mean Max Mean Max Mean
Artificial grass-natural grass 48 33 12.3 8.7 29 2.0 8.0 57
Artificial grass-clay sand 45 24 116 6.3 26 13 72 37
Clay sand-natural grass 2.1 0.9 6.0 2.6 1.6 0.7 50 2.0
PET (Sept. 4) UTCI (Sept. 4)
C % C %
Max Mean Max Mean Max Mean Max Mean
Artificial grass-natural grass 33 2.3 8.7 6.2 22 13 6.3 37
Artificial grass-clay sand 34 2.0 8.9 54 2.0 12 56 34
Clay sand-natural grass 2.1 0.3 6.0 0.8 11 0.1 3.3 0.3

Table 4. The results of One-way ANOVA analysis of microclimatic results and human thermal sensations(PET and UTCI) on September 3
and 4(all 842 data). Ta, RH, &, 7+ mean air temperature, relative humidity, wind speed and mean radiant temperature

Meanzstandard deviation
T.(T) RH(%) u(ms™) T C) PET(C) UTCI(C)
Natural grass 26.8+0.54* 64.7435° 2.3+0.78 53.9+3.86° 3432147 33.3+1.41°
Artificial grass 2730.71° 62.9+2.6" 2.0+0.72* 58.1+393° 37.2+241° 35.041.47°
Clay sand 2704052 638+32° 1.9+0.60° 532+347° 34.8+1.93 33.7+1.16°

" Duncan analysis used harmonic mean sample size =842(<0,05)
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