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ABSTRACT

In order to analyze the effect of street trees and single trees on human
thermal sensation (thermal comfort) in summer, microclimatic data were
measured and analyzed at sunny and shaded locations of two deciduous
broadleaf and three broadleaf evergreen species of street trees and one
deciduous broadleaf, two broadleaf and one conifer evergreen species of single
trees. As a result, the mean differences by species in air temperature, relative
humidity and wind speed were small: 0.2-15 T, 0.9-5.3 % and 0.1-0.5 ms™
for street trees and 0.1-05 C, 0.5-1.8 % and 0.0-0.7 ms™ for single trees,
respectively. However, the mean difference in the mean radiant temperature
was great: 27.1 T for street trees and 17.8 C for single trees. In the results
of physiological equivalent temperature (PET) and universal thermal climate
index (UTCI), which are human thermal sensation (thermal comfort) indexes,
the shaded locations by the trees showed mean reduction rates of 21.2-31.3 9%
in the PET for street trees and 14.8-20.5 % for single trees compared with
the sunny location, which are equivalent to 15-25 levels of thermal
perception for street trees and 1.0-1.5 levels for single trees. Also, 12.7-20.0
9% for street trees and 9.2-12.5 % for single trees in the UTCI were reduced
by the trees’ shadows, which is equivalent to 1.0-1.5 levels of heat stress for
street trees and 0.6-0.8 levels for single trees. In addition, although the
broadleaf evergreen trees in the street trees had 5 % greater mean reduction
in PET than that of the deciduous broadleaf trees, the Zelkova serrata that
belonged to the deciduous broadleaf trees showed the equivalent thermal
reduction effect as the broadleaf evergreen trees because of the high density
of branches and leaves. In the single trees, the conifer evergreen tree had

3.6% and 1.9 % greater mean deduction in PET than those of the deciduous

_Vi_



broadleaf tree and the broadleaf evergreen trees, respectively. Moreover, one
of the broadleaf evergreen trees, Machilus thunbergii which had a dense
crown, produced the same thermal reduction effect as the conifer evergreen
tree. Therefore, the mean radiant temperature and the density of the crown
(branches and leaves) were the main influences in thermal modification by

these street and single trees in summer.
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212 Eq. 13 2o
M+R+L+C+E+C+E+H=S (Eq. D

8 Ao ME AW AL H A (metabolic energy) S =35k, RS B 9F EHA}
o 4 *](solar or shortwave radiation)& 53, Bl Y 2 AFg2d(direct beam solar
radiation, Kj), A&E & &5 93] 7IEHA A &S 50| Hol= F7H(sky
view factor, SVF)ell A 9.+= &AFE/d(diffuse beam solar radiation, K, 12 il
A 5= (solar radiation reflected by buildings, K,.), % (solar radiation reflected
by trees, K,wep), A 3E W (solar radiation by the ground, K)olA HEAFE O] Q&=
HEALE A (reflected  solar radiation, K)o = FAET LS AT FAF oA
(terrestrial or longwave radiation)E %:3l™, 3} ¥ ZHlongwave radiation
from the sky, L., 735+%(longwave radiation from buildings, LZL,), T
(longwave radiation from trees, L,.), *l3% ™ (longwave radiation from the
ground, Lp)ollA WEH o] QA A= HAUA e AANAH FH G ow
W25 = BAbo Y A (longwave radiation from a human body surface, L, %=
AR Ce oA 9ol W F7)o &% Aol o s WAstE Y (sensible
heat flux density)ol™, E= A 359} ¥ F7]e] F% Aolo| <) wHAYsh
+ Zr4d(latent heat flux density)s 53ttt G £-2 EFste &< 2AS=
ddy FdS =3t H= A=< (conductive heat flux density) @ Al o] AdH-
7F AR thE Aol "ol 7 EWe 2% xolZ Qla WAstE duyA A
olth. St SIAlol F2 AU AFS EepH, L Fho]l F(+)e gelw JAAVE W=
g AU AIGEY oo ol ¥ Bue As vty wiEdh o, vl o

o dSAAFE HE AL, 5()9 gold AAF BES YA FERG Y



BA

il

be gl B BT AL s AW, F8, W F 59 9

e ch(Figure 1; Park, 2012).

o

a: Human energy balance model b: Human radiation exchange model

(human thermal exchange model) (from park, 2011)

Figure 1. Energy transfers between a human body and its surrounding

environment



3R = A Ay A #38 R P (human energy balance model)<
7o ® JAE S SFoERH JAR FFHEe AMUAYH AAZTE

FHow WEHE AdUALGSE AZFHewE Adtsted G EHA
(thermophysiological) &2 QIZko] =7]= wrg& A8k Ao t(Park, 2012),
SAH o2 FasiA AFEE I s RdEE A8 o2 predicted mean vote
(PMV; Fanger, 1972), 2<el&ox Zdo|x sute PET(Matzarakis et al,
1999)2} = A A ™ 7] 48 3] (International  Society of Biometeorology)”7F 7§ &3k
UTCIZF 9t} o] EdE2 7|40, sk, F5, FT5AE)S
T o]gsto] A - 9 FItolA AZto]l =7= A
£33 Jr}. 53], HFEALR S (mean radiant temperature, 7o)+ A A &
FH = HE B AFEANYAGS o] &8t Adtsts Aow, AAE YR

d& T (sphere)e] FEl= 7FASIe] F9o B WA TS HALAY

Ag AAZ PEFE AoR AARGL Wel AHYe T EALEES 4

A= sk e

T
J+= 2

t}.[“The mean radiant temperature is defined as the uniform temperature of
an imaginary enclosure in which the radiant heat transfer from the human
body i1s equal to the radiant heat transfer in the actual non-—uniform

enclosure” from Fanger (1972)].
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SVF: 0.176 SVEF: 0.195 SVEF: 0.083 SVEF: 0.081

A |

a: Prunus yedoensis b: Zelkova serrata ¢ Castanopsis sieboldii d: Elaecocarpus sylvestris e. Ilex rotunda

Figure 3. Fisheye lens photographs and pictures of street trees. Fisheye lens photographs were taken using Nikon Coolpix
8800 camera with Nikon FC-E9 Fisheye converter lens and Nikon UR-EI8 converter adapter, and sky view factors
(SVFs) of the photographs were calculated with BMSky-view (Gal et al, 2007)



SVEF: 0.349 SVEF: 0.257

a. Prunus yedoensis b: Castanopsis sieboldii ¢ Machilus thunbergii d: Pinus thunbergii

Figure 4. Fisheye lens photographs and pictures of single trees. Fisheye lens photographs were taken using Nikon Coolpix
8800 camera with Nikon FC-E9 Fisheye converter lens and Nikon UR-EI18 converter adapter, and sky view factors
(SVFs) of the photographs were calculated with BMSky-view (Gal et al, 2007)



Table 1. Characteristics for street and single tree species

Street tree species

Single tree species

Species Prunus Zelkova Catanopsis | Elaeocarpus Tex robunda Prunus Catanopsis | Machilus Pinus
yedoensis serrata sieboldi sylvestris yedoensis sieboldii thunbergri | thunbergii
F3(m) 6.1 64 6.9 96 56 85 8.7 58 92
28}3(m) 2.3 2.3 32 31 25 24 35 3.0 24
FHEZ(m) 8.5 57 91 9.0 74 110 129 8.7 130
<947 (cm) - 25 22 28 21 - 54 27 46
F323 7 (cm) 31 - - - - 37 - - -
2147+ (m) 7 12 8 7-8 7 - - - -
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10:00-17:007kA1 9] 2k 57} B3l 4] =] v},

gdEFoAE B 3E VEeR F 4%9 wE5SE A4 19 B9
09:00-17:005 ¢+ o] Fo o, ST+ 2016 749 239 09:00-12:38
el FubugEs 79 269 09:00-11:483  14:37-17:00, #&2 79 249
09:00-17:007+#1 &] A&7} vl o E-2 ¥l o,

-
2
=

n7]% = Q49 7]2(air temperature, 7,3 Aty = (relative humidity,
RH)= HMPI155A(Campbell Scientific Inc.; http://campbellsci.com), *<(wind
speed, ) ¥ 3+ Met One 034B-L Windset(Campbell Scientific Inc.)& ©]-&
ato] AlAle] ZhEEold]l ARWORNE 12m =ololA v 1# I = F85A
H(Table 2 #Fx). Bl 2 X &AL Y A= CNR4 Net-radiometer(Kipp &

Zonen Inc.; http://kippzonen.com)& ©]&3}e] FL3 =olo A w] 5x ©H=

B

HAth EE A8 ES CR1000 datalogger(Campbell Scientific Inc.)ol| # %+
HA A A= tRFAdA AT FE5 si 5A AR 23X T F5
TR FAQ QE~F o~ (A 13X (Figure ba Fx), @5 FolAl sld 5o
sh A A 1303 g s FHe AIQl e EAF ol A4 13kl AA]

sto] AAzto 7 B=3}9 tH(Figure 5b T3).
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Table 2. Instruments for microclimatic data measurement

Dat Instrument
ata Name Accuracy Manufacture
o CNR4 Net . Kipp & Zonen
Radiation ] < 1% (-40-807C)
Radiometer Inc.
Air temp. - Air temp.: 0.3 (-80-607C)
and Relative | HMP155A | - Relative humidity: 2% (0-90%)
humidity 3% (90-100%)
. ) - 3 O Campbell
Wind speed Met one - Wind speed: 0.1 ms © (< 10.1 ms ) o
. Scientific Inc.
and 034B-L £1.1% (= 10.1 ms™)
direction Windset - Wind direction: * 4°
Datalogger CR1000 +£0.06% (0-40C)

a. Street tree

b: Single tree

Figure 5. Instruments setup for microclimatic data measurement
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PETS$t UTCIONAM & 7tzaet b 3 594 5o A7) #18)
FA 239l SPSS Statistics Version 20(https://www.ibm.com/spss)< ©]-&
sto] Akt PET9F UTCIS] d88 A5 7]+& Table 3% #th

i
File Input Output Table Language 7
Date and time | Current data
Date (daymonthyear) |452017 Air temperature Ta (°C) 200
Day of year iEEE Vapour pressure VP (hPa) |125 400
Local fime (h:mm) 14:44 Rel. humidity RH (%) 450
: ’ 5
Now and ity Wind velacity v {m/s) 04
Cloud cover N (octas) 0.0 Calculation:
‘Geographic data- Surface lemperature Ts ("G}
Location: Glabal radiation G (Wim?)
j Mean radianttemp. Tmit ("C){50.0
I Remove \ncatan Personal data Clothing and activity -

[0 || Heigmemy  [175 | | clothing (o) I
Geogr latiude (") Welght (kg)  [750 | | Actuity (W) B0
Alftude (m) o Age @) 5 | Postion  [standng |
Timezone (UTC+hy |00 Sex [m =

Geogr longitude ("E)

Thermal indices

M PMV / PET j# SET* ¥ UTCI W PT j'LQIOSe

Figure 6. RayMan Pro. Version 2.2 (Matzarakis et al, 2010)
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Table 3. The levels of physiological equivalent temperature (PET) and

universal thermal climate index (UTCI) (Jung et al, 2016)

Thermal perception | PET (C) | UTCI (C) | Grade of physiological stress
very cold < 4 < -40 extreme cold stress
=27 ~ -40 very strong cold stress
cold 48 -13 ~ =27 strong cold stress
cool 8 ~ 13 0~ -13 moderate cold stress
slightly cool 13 ~ 18 9 ~0 slight cold stress
neutral 18 ~ 23 9 ~ 26 no thermal stress
slightly warm 23 ~ 29 slight heat stress
warm 29 ~ 35 26 ~ 32 moderate heat stress
32 ~ 38 strong heat stress
hot 3~ Al 38 ~ 46 very strong heat stress
very hot > 41 > 46 extreme heat stress
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Table 4. Meantstandard deviation (maximum) values of shading effects of

street tree species. These results were from the values of sunny locations

minus the values of shaded locations.

relative humidity and wind speed, respectively

T, FH and u mean air temperature,

Species T, (C) |RH (%) |u (ms™) T Lo 57 T PET 57 T UTCL 57
Prunus 0.2+0.2 | -09£1.1| 04+04 | 21.4+3.7 | 36.0+6.3 | 89+1.7 | 21.2#4.1 | 5.0+09 | 12.7+24
yedoensis (0.6) (-4.2) (1.4) (24.4) (41.7) (12.1) (28.9) (6.3) (16.5)
Zelkova 0.7£0.3 | -2.0£1.0| 0.1+0.3 | 26929 | 43.1+44 | 12.0+1.8 | 27.0£3.4 | 7.0+09 | 17.2+2.2
serrata (1.6) (-5.7) (1.4) (30.5) (49.0) (16.6) (36.0) (8.8) (21.2)
Catanopsis 1506 | -53+2.4| 0.1£0.5 | 30.9+2.9 | 47.0£3.6 | 14.8+1.6 | 31.3x2.9 | 85+1.0 | 20.0+2.1
sieboldii (3.1) (-12.2) (1.6) (33.9) (51.6) (18.4) (37.4) (11.1) (25.5)
FElaecocarpus | 0.3+t05 | -2.8+1.6| 0.4+0.6 | 285+3.8 | 454+4.0 | 11.7+2.2 | 27.0£39 | 6.6+x1.2 | 16.6+£2.8
sylvestris (1.8) (-7.6) (2.2) (35.2) (51.1) (16.0) (34.2) 9.1 (22.1)
llex 03+04 | -2.1+1.3| 0.5+0.6 | 28.1+2.2 | 445+29 | 11.9+1.8 | 27.54#3.1 | 7.0£0.9 | 17.6£2.0
rotunda 1.7 (-6.1) (3.0) (31.9) (48.2) (18.8) (385) (10.8) (25.7)

Table 5. ANOVA results of shading effects of street tree species for 7.«

N Subset for alpha=0.05
1 2 3
Prunus
. 138 36.270
yedoensis
Zelkova
431 43.097
serrata
llex _
445 44547
rotunda
FElaeocarpus .
. 451 45.423
sylvestris
Catanopsis N
. .. 418 46.977
sieboldii
Sig. 1.000 1.000 1.000 1.000 1.000
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Table 6. Meantstandard deviation (maximum) values of shading effects of
single tree species. These results were from the values of sunny locations
minus the values of shaded locations. 7, FH and u mean air temperature,

relative humidity and wind speed, respectively

Species 7, (C)| RH (%) |u (ms™) T Lo 57 T PET 57 T UTCL 57
Prunus 0.1+0.2 | -0.7+1.6 | 0.0£0.2 | 165+7.0 | 29.5+11.0 | 7.3+3.3 19.0£7.7 4.1+1.8 11.1£4.7
yedoensis 0.6) 4.7 (0.6 (33.5) (51.3) (15.9) (36.4) (8.2 (21.7)
Catanopsis | 0504 | -1.7£1.6 | 0.2£1.0 | 15.3£5.8 | 25.4+£8.9 6.0£2.9 14.8+6.6 3.6+2.1 9.2+5.2
sieboldii (1.6) (2.6) (2.3) (26.6) (40.0) (12.9) (27.7) 8.1) (20.0)
Machilus | 0.1£0.3 | -0.5+0.8 | 0.3+0.3 | 19.9+55 | 33.1+7.8 7.6%2.4 18.9£5.3 4.8+1.6 12.5£3.8
thunbergii | (0.6) (1.8) 0.8 (29.4) (44.2) (12.2) (27.6) 8.1) (20.0)

Pinus 0.1+0.3 | -1.8+1.6 | 0.7x0.4 | 21.8454 | 38.4%+8.0 8.3+2.7 20.5%6.0 4.7+1.6 12.2£3.9
thunbergii (1.4) (7.2) (1.7 (29.6) (52.7) (14.8) (35.0) (8.2) (21.2)

Table 7. ANOVA results of shading effects of single tree species for 7.+

N Subset for alpha=0.05
1 2 3
Catanopsis . _
. . 313 25.393
sieboldii
Prunus
. 209 29.712
yedoensis
Machilus
. 313 33.076
thunbergii
Pinus
. 481 38.397
thunbergii
Sig. 1.000 1.000 1.000 1.000
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Ht 89-14.8TC PET *& ZA¥=E ®¢d=d(Figure 9 and Table 4 F*), o] =}
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Al k&= UTCIO B8l PETE 79t woll WAl wH-8-3)
7] W&ot (Jung et al, 2016; Figure 11 #F%).

SPSS®] Duncan ®2/¢] ANOVA®A A3y 7= PETAA &= A3
(31.3%)>H U5 (27.5%) =22 4=(27.0%) = =Bl L} F(27.0%) > G H U F(21.3%) = o =
9% Frelgwol A A&l e Fode et T UTCI M = 4%t
HHLE(20.0%6) > U (17.6%) > =] W5 (17.2%6) > T 257 (16.6%) > 9 H U5 (12.8%)
°o® oS YEWATH(Table 8 and 9 F=x).
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Table 8. ANOVA results of shading effects of street tree species for PET.

Subset for alpha=0.05

N 1 2 3
Prunus
. 138 21.267
yedoensis
Zelkova
431 26.971
serrata
Elaeocarpus _
. 451 27.023
sylvestris
llex _
445 27.453
rotunda
Catanopsis
. . 418 31.282
sieboldii
Sig. 1.000 1.000 1.000

Table 9. ANOVA results of shading effects of street tree species for UTCI

N

Subset for alpha=0.05

1 2 3 4 5
Prunus
. 138 12.752
yedoensis
FElaeocarpus .
. 451 16.561
sylvestris
Zelkova
431 17.172
serrata
Ilex _
445 17.631
rotunda
Catanopsis
. .. 418 20.017
sieboldii
Sig. 1.000 1.000 1.000 1.000 1.000
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4% TdEFAd A JAF E8HAFQ PETS UTCIE ol&3ste & 1+
h d Az 2dE B 2 2, 955 A= v (hot)-mF-
He(very hot)o2 U2 wWhH SX+= ZoF wWESH(slightly warm)-whsedt
(warm)©. 2 vpeh, 547k Aol W& Hit 60-83C PET %2 AdE

&+ (Figure 10 and Table 6), ©] =z}o]+= PET2 ¥ A Z}(thermal perception)
A 5 1.0-15 @AY AolE HoFE ZAo=m g Z A A AHE
wHelvar & 4 QtH(Table 3 #x). HAvighS vlas] B, ulvyiol & o A
Ho 15697C, 148C=& 71 & Aol& yrtilon, Fuhio A Hog 122T=
7 e s dErHlnh o] Aol FuhuFolA Ho 2 w@Ale] Aol E
Geivpr el fFEelA 3 WA AR Aoyt & F dteE S HoFATh

o

&4 o 2= PETOA Hit 14.8-205%°9 A7 H&

OO

.

Az Z3E Uetllth o] zole ThpolA Kol FAE sA ok FASHA UEY
&P A PET T/t & %S 713d= Ae & BojF= A0
UTCI A = YA 7F st 9 ~E# ~(strong heat stress)-wj-$¢- 23 4 ~E
d 2 (very strong heat stress)E Wi Ao 2 YElWY1 $X= HE d ~EF
2~(moderate heat strees)-73st & Z~E# ~(strong heat stress)E W+ FO=
YEFSETE 521 7F FAloll vlE] Hit 36-48T9 v AiE BHow gulyi

H&A H 92T, s oF SRl A Hd 81T ¢ AfeolE B
th o] Aol= Ht 06-08(H ] 1.0-12) @Ae] d ~E¥ ~(heat stress) A7
2745 YehdlE Zlelth vgHq o2 E UTCIA Hit 92-125%2 AF v&S
B (12.5%)> 55 (12.2%) > S H U5 (11.7%) > -4 b
F092%) o2 o Az a3E yetllth PETS ZA#e vlus] & o, s
7 #EY Gy vE 9 =2 d A a3E Bl o|fEE, T, RH
A Wkg-3ki= UTCIO Hl8l PETE Tob woll 738HA vE-8-317] uli
o]t} (Jung et al, 2016; Figure 11 ).

SPSS¢] Duncan ¥41¢] ANOVAZ4 23} ©5 PETOIA #%&(20.5%)>%4

fz
&
s
4
ofN
U
fru
rlr
#
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U(19.126) =521 (18.6%0) > 1A s (14.8%)s5 0. = 95% ol olA 4
A gl g FI8E YElAT UTCIA = SHu5(125%) =5
(12.2%)> A7 (11.226) > A A U7 (9.2%)c 0.2 79435 HYEF A THTable
10 and 11 #=).
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Table 10. ANOVA results of shading effects of single tree species for PET

N Subset for alpha=0.05
1 2 3
Catanopsis
. .. 313 14.800
sieboldii
Machilus
. 313 18.852
thunbergii
Prunus
. 209 19.095
yedoensis
Pinus
. 481 20.544
thunbergii
Sig. 1.000 1.000 1.000

Table 11. ANOVA results of shading effects of single tree species for UTCI

N Subset for alpha=0.05
1 2 3
Catanopsis
. . 313 9.190
sieboldii
Prunus
. 209 11.207
yedoensis
Pinus
. 481 12.234
thunbergii
Machilus
. 313 12.519
thunbergii
Sig. 1.000 1.000 1.000
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" A E(l: warm A S-S hot A9 o2)E UEd gHEC] 50%°1H, A&

of dAlel T3t GAE Friete] & o AEststH eatw Qg Ax Ay R

2 WA g 7l dZelth s 59, oF# PET Ax 3HA

£ 7=

=<

(warm-hot-very hot)E& It TAIE F7}3 697 (warm-very warm-slightly
hot-hot-very hot-extremely hot)Z A|&3}stH, @ F7F @A HeE 7]E2] A
Foll A el g AT obd wE TAle] o F Qtow
PET<} UTCI®] ®F ©A1Ql 3TCE 2AAZ & = v7s 2459 Ad 2
A E oIFd 7S£ o2 RayMan Z295 o]gsho] AyR okt WA
o] ¥l 48 AR E AW At Y A (metabolic rate)= A A& AAlA LAY}

= ISMETS, 9% A349 o8 23 2 uxsh g & gz o

rir

F4dd(clothing insulation)4=x1¢l 0.55clo®, 7,2 30C, v A9 Qe 7|+

(calm)®) 0.3 ms!, RH= 50%, Tni= 50CE Astth o714 m7]15 24259

A WSS T2 20-40C, u& 0.3-30 ms'(Gzole AdelA 12m 71%), RHE
0-100%, T,z 30-80C= 3dtel, Um A 7EES 24T ¥ #474] v75 2w
T8 w4 el we s dEste] das 248kt

2 A, T, PETAIAE 8T T,¥strh §k @79l 3T PETO & WA

T JdEAH R YElW I, UTCIdA = T.0] 20C A4 = 4T A== e
b 40C2 Z55 2T 7,W87t wb @A19l 3T UTCIHRS A34E 2
(Figure 1la #=%).

RH= PETAA = 5% AERE, UTCIAM = F57F 25 wl= 20%4 =2 ¥st
o, #&57} =& W& 10%9 Wstehs 434E Hol= 3o & Yey RAHZF PET
of A A= Aoz e th(Figure 11b 3H3).

u& PETOAE po] 22 wl 07 ms 'AEolA, wo] ZE W= 21 ms '

ARE B on UTCIAAME 27 ms'e A#S Hol pol] thdk ko] PETE

o
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(o3
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Figure 11. Sensitivity tests of microclimatic factors

wind speed and d) mean radiant temperature.

in human thermal sensation: a) air temperature, b) relative humidity, c)
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4. 71€9 d7E%9 H

AL &G AT Ml F5 B FERANAA ARE A} M A dFS
mRva & 4 doiPark, 2012, 2013). 2 AFeA sERb(sky
hemisphere)oll A W& = B &AL UA A7has A 2 A3, 7tz
vy 83.0%, =H U 90.2%, TABRIUST 92.0%, @ES 90.9%, WU
9Q27%= YERSA, @55 SHuUR 66.7%, TAAHUT 656.5%, $FubuE
755%, H& 844%= YEM} Takacs et al(2016)8] Ag-oA oA5FH 459
T HIFEANUA  2gEo] 89-98%AH  Fel| HEAM= =H W
vgtou, 7t s BE U, s U g2 dugel A 90%E de
=2 &S HoFATE Shahidan er al(2010)2] AFolAE =S uel
Mesua ferrea L.}y Hura crepitans L.o| A Z}Z} 93%, 79%9] 27&S Ho]7]
skt

Thmgol A i SHE- Y FAel Wl HHAow Tl 02-1.5TH
A7 axs wiow, RHv= 09-53% H2 A3E Yo, g5
T+ 01-05Ce AxaxsE BHeoew, RHE 05-18% v A3E Yelydh
°]Z21% Choi and Lee(2006)¢] 7 T =B YF(H7.0xW8.0) 7} v AlZtthe
03-15T9 A aaE +o+= A9 AR S™, Takacs et al(2016)9]
Hyt 08T A# a3} 2% RH < 23, Park(2013)8] w39
U7 03-04Te] Az &aek 4% FS 2dE Fve dad=E 2 Aels
HolA = &UTt. Abreu-Harbich et al(2015)9] AFolA= & 10:00-14:00
e @EFE 09-28C, /MESFE 0.7-20C9 A7 Z3E ®REd, ¥ AT
NA TFEFAAA FABGE7E Fe 15T, Hd 31T Az
A3 vae] B 2 xpol= YAl eF gkt

Tl A= &l Mt HaHoz 214-309TC9 A a35 Ho 3=,
Choi and Lee(2006)2] “=E]UF(H7.0xW8.0) 15T} Lee and Ryu(2014)9] =
U (H7.0<W5.3xR13) 11T, w5 U5 (H4.6xW4.8xR28) 13T, w3y
(H8.4xW5.2xR18) 16T 9] ZA¥et= tha Aol& HoF3th o] A Choi and
Lee(2006)¢} Lee and Ryu(2014)2] AT-olA T =82 8] STF2=AS A}
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gstogn wAE Ayt ofdr s Eu SF2EdAE £8AM
(Net-radiometer)ol] Hla] A3y W=7 A7

(Thorsson et al, 2007).
A7t A A FA A= 7F2F dEFoA FFo wa X7t FA o v 3|

¢
°

[t 89-148T PET(15-25 @A), W+ 6.0-83C PETI1.0-15 @A) &

A3%E B, Ju et al(2000)e] FHA A 4001 elAqd =EU

(H5.5xW7.0xR35, H12.0xW14.0xR50)2] 1.34-152C WBGT(1/3-3/4 @A) A%+
gy vl E o =2 3= Hel ¥hdo] Abreu-Harbich et al(2015)2]
9= 12-16C PET, 7F=29 125-145C PET A% &3 HsiA = thh @

ANE Hole AoR e
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