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ABSTRACT
In order to solve the limitations of horizontal thermal environment improvement, this study compared the
thermal environment of the indoor and outdoor of a building in summer according to the presence or
absence of a green curtain, a vertical greening method. In the summer of 2021, the air temperature, relative
humidity, wind speed, and shortwave and longwave radiation were measured at a central point inside a
building and the grass field outside of the building to determine the human thermal sensation index, PET and
UTCL As a result, the green curtain showed an average 1.6C cooler air temperature during the daytime, but
it did not have an effect at night. For relative humidity, it showed higher humidity indoors by an average of
5.6% and 1.0% during the daytime and at night, respectively. Wind speed was 1.4-1.8 ms™ ' and 1.4-1.5 ms
"' higher outdoors on average during the daytime and at night, respectively, showing a high value outdoors
regardless of whether a green curtain was installed. The green curtain showed an average indoor mean radiant
temperature reduction effect of 4.7°C during the daytime, but it did not have an effect at night. In PET and
UTCI, the green curtain reduced the indoor PET by about a 1/3 level, an average of 2.1°C, and the indoor
UTCI by about a 1/6 level, an average of 1.1°C, during the daytime. However, no effects appeared in PET

0] =20 HEATHELD O AAH and UTCI at night. For landscape planning, a green curtain can effectively modify the thermal environment

oleDe AGIGIAL[} 0] =SS during the daytime in summer.
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Figure 1. A study site and two measuring points

Table 1. Green curtain setting

Building image Plant image Definition Base cases value

Plart Pharbitis nil

PC sun light Roof panel type (MOrning gl Ory)
‘ Width x Height 145 m x 28 m
o E{u shorn ap Plant coverage ratio 72%

4 Wooden plant box,

Planting method plastic mesh,

South side view planting 10cm intervals
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Table 2. Instruments for microclimatic data

Instrument
Image Data Name Accuracy Resolution Manufacture
Solar and longwave ) , ol
. CNR4 net radiometer < 1% (-40-807) 0.1Wm Kipp & Zonen Inc.
radiation
Air temperature and - Airtemp: + 0.3C (-80°600) 0.01C
nperaire HMP155A . Relative humidity: 2% (0-90%) '
relative humidity 0.01%
3% (90-100%) Camobell
- Wind speed: + 0.1 ms™ (£ 10.1 ms™) . mp
o Met one 034B-L B 4 Scientific Inc.
Wind speed and direction . £ 1.1% (2 101 ms™) 0.001ms
windset — .
- Wind direction: * 4
Datalogger CR1000 +0.06% (0-407)

= A Fe RIS ARt Al(f, =3.344107 74" —6.6:107 78 +8.42:10 *3+0.297) O EfjoFO] 917 s}
of| wzt ZARgAo] QAlol kS n|x|= THEA (projected area factor)S 2u|RIHPark, 2011). K= QIAC
Hol 207 ol BioF ZARPA[Ky/sin(solar elevation, )& 2nlsiH, K= £¥HoR E0leE= B9
APFA(direct beam solar radiation), B+ ARPE EiF o] FOE ISERHREATY HEFAAA
(https://astro kasi.re.kr/life/pageView/10)2] BiQF 1 &/HZHARKEEES] Bl IAR) A 713 @4 SHARE
I NE dEol] G2 AHE ol§Sith a HAEARIYA AAETE0.)S QFlsh, 0.5 A9 #9H
A AAE 1.00= 75 o), 4] WFdo= QA JFS niXe EAPURY] WA HiES SRRt K
A5 Ee 450 Yol 7eAA] g2 shsol Hols 3XMsky view factor, SVE)OIlM @+ EiF RARFA
(diffuse beam solar radiation) 0=, H9]°] K2 gk& Fob7] el Ftell 30wntt 124 AA|9] 22 o gs}
o] CNR49] pyranometer= 5012= EFAARFAS 7FRIFE Lee et al(2021)2] WS o9t K= 5%
& a5, ABHAA yaEe] o= AR A(reflected solar radiation, K& elrfith. L2 skedql 5w,
S WEEo] QA n)2l= AFEA A (terrestrial or longwave radiation)E 2JWISHH, L2 Z|EHA
H2E]o] Q]| P2l AEAIRIE SfnfRict.

o1t Agkaz|eE o7t oA #& Ed(human energy balance mode)& 7[HhoR olA|Q} 8 2HF 7Ho)
7 - e odRISE AEAoE Altste] FAeIeRA (themophysiological) 0= ¢Ito] =77l= Wk EAlst
+ ZolthPark, 2012). =Alos Slsh] AR Q= Ad=e YA 7idE PET(physiologica
equivalent temperature)?} =AEE 7153 (International Society of Biometeorology)ol4l 7HateH UTCI(universa
thermal climate index)7} Qlth H d7oli= PETSF UTCIE AKeE] 98l RayMan Pro. 2.2(http://www.
urbanclimate.net/rayman) & ©|-8-5t1cHMatzarakis, 2009). 17 @8R AkkE: 918t 71Vd84A deiRtas A
- Qe SA4E 7le, Adisk, §5 BeEAREE YEleiSit(o, 2018). AEO] A& Adobe

ST

photoshop 2020 ©lgsle] ARkslgom, n7|e zmet Q7 d8kga]4 Hlw B8 Microsoft Office Excel
365(https://www.office.comIE ©85Irt. P71 840t QITt EeHEAGol| it green curtaino] AXE 279

7} green curtain®] AA|ER] F2 3199 Fod £5S ARSE] Y8l SAZE T3 SPSS Statistics Version
20(http://www.ibm.com/spss)& ©l8sto] AteRac
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curtain®] AA|E|%}E W7t green curtaino] AX|HA] ook mE ez S0leE HYdE ALk, @
el FaEls Aol Hof Ayj 7]2o] Yol it 14T o Aget Z#E Hel AR HeIth Green
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Figure 3. Microdimatic factors according to the presence or absence of green curtain

——outdoor
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Table 3. Mean (maximum) values according to the presence or absence of green curtain. These results were from the values of outdoor location

minus the values of indoor location. 7,, R4, v and 7, mean air temperature, relative humidity, wind speed and mean radiant temperature,

respectively

Daytime Nighttime
Qutdoor-indoor Tz RH u Trort PET urd Tz RH u Tt PET urd
(C) (%) (ms™) (C) (0) (C) (C) (%) (ms™) (C) (0 ()
20210827 -0.2 0.8 1.8 211 5.9 35 -1.1 6.1 15 -6.6 -6.2 -33
reen aurtain (-23at | (101at | (34at | (324at | (131at | (78at | (-29at | (138at | (31at | (-91at | (-85at | (-54 at
9 18:55) 18:53) 12:36) 11:44) 11:49) 11:49) 6:00) 5:59) 23:39) 19:03) 19:10) 19:10)
-1.6 6.4 1.4 16.4 38 24 -1.0 7.1 14 -6.9 -6.3 -3.2
20210831
no green curtain (-41at | (157at | (24at | (377at | (167at | (87at | (-24at | (136at | (28at | (-87at | (-7.9at | (45 at
9 10:22) 11:35) 11:12) 14:49) 10:23) 14:54) 22:02) 22:22) 3:01) 19:03) 20:00) 18:57)

A kS e AUt B3 10T &2 ghe Bom, green curtain AXo]l W ogE 7,9] Aloli= 79 vpet
LA otk Fe 210l green curtain®] AAI=I2E T 06:0097 2 2.9°C, green curtain®] AAXEA] ke
= 22:020] ol 24 AP o =& 3 Ko green curtaing]l AX|EA] kS ) ozl A 0.5C AU
7h 9 Alet 2 2

RH= green curtain®] A2|E%S wi= F7bol| Bt 0.8%, ol Bt 6.1%, green curtain®] A2]=|Z] okt
& w0l Bt 6.4%, oKl Bt 7.1% Adt AelErt B2 gk Heln Green curtain®] A=k o
BE WHE S0t Higts Adsle] F7lo] Bt 5.6%, oKl Bt 1.0% AWt o &2 (55 Bl 3
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o Aol green curtain®] AA|EE di= Flole 18:5300 Fdf 10.1%, oKtk 05:59¢] 13.8% AWi7t o
W2 3k BT, green curtain®] AX|EIR] ook wi= 11:35¢] Fo 15.1%, oRlelks 22:2201 13.6% Auirt
o] W2 3RS Hork

ue F700 green curtaino] AAE|}E v Aot AR Bt 1.8ms™ (H 34ms™), green curtaino] 4
A2 ke wie Bt LAms (F 24ms™) =2 P HYon, ol green curtaino] AA|ES wi=
B 1.5ms (FH 3.1ms ™), green curtaino] AAEA] U9k wi= B 14ms '(F 2.8ms™) & 2k Bk
Green curtain®] Ax]oje} FAglo] WEZo] A gl= Z10= eyt

BAEARE (mean radiant temperature, 7)== green curtain®] XS wi= 7] AejHTE A7} 3
T 21.1°C, 11:440] Xt 32.4°C, green curtain®] AZ|=|A] QIOFS wh= B 16.47C, 14:49¢] o 37.7C o &
2 & Bl green curtaine] AXEE o 7E WHE S0l HIPES Apdsie] o] Bt 47C A
e HAFSI Rl il 72 Uiitel] S5 dolluA|= <ot green curtaino] AR wh= B
6.6C, 19:030] Zth 9.17C, green curtaino] AA|=A] Ik wh= Bt 6.9, 19:03¢] o 8.7C =2 AW 7,
£ H30H, green curtain®] AA|FE Wt green curtain®] AXEA] 99k wiHth Bt 03T & 3
qlovt 1 gk mHIskSItt o2 green curtain®] AUjollA] AQ)R WEE = AFLEARIURIE HobA] WAYH

Tolct.

i b S Rl o

oIt AgkARG B Axl 7t PETE green curtain®] AAES w Bt 5.9, green curtaine] AR
USES = et 3.8TC AUt o 2 S Hol, green curtain®] AA|E|9kS ) Bt 21T PETE HAAA F
Pom(Figure 4, Table 3 FX), ol& 1/39] EAZHthermal perception) TA AolE BHAFSITHTable 5 #x).
) 2ol green curtain®] AZ]ES w, 11:499] | 13.1°C, green curtain®] A=A ¢3S wi= 10:239]
Zdf 16.7C Au7F A9t v Y2 ke Helrkh oRtele 1} YHlE green curtaino] AA|=|E whe Bt
6.27C, green curtain®] AA|E2] QIke wie BT 63T AWt o 22 Fk2 HoF9i71ef 0.17C2] #jolgt vt
7F Aol YRR eiete o 4= gltk Fd) Aol green curtaine] AAEEE wi= 19:100 ) 8.5C, green
curtain®] AZ=2] AekE wh= 20:0000 e 7.9C AuP7F AQETh o &2 Fh2 BTl

UTCI9] 7%, S0 green curtain®] A=k wf Ht 3.5, green curtain®] AX|=A] Ik off B 2.
4T Aupt AQlect o W2 kS W, green curtaino] AAEE o Ht 11T UTCAE #A2AA F30H,
ol 1/6 B & AEHA(heat stress) A BIE HoFqIch A Aol green curtain®] A% o
11:499] 7.8, green curtain®] AZFA] UFS W] 14:540] 87C AU}t § e e HA) oRtol= green
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Figure 4. Physiological equivalent temperature (PET) and universal thermal climate index (UTCl) values according to the presence or
absence of green curtain
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Table 5. The levels of physiological equivalent temperature (PET) and universal thermal dimate index (UTCI)

Thermal perception PET (C) uta () Grade of physiological stress
(-40 Extreme cold stress
Very cold (4
=40 ~ -27 Very strong cold stress
Cold 4 ~38 =27 ~ -13 Strong cold stress
Cool 8~ 13 -13~0 Moderate cold stress
Slightly cool 13 ~ 18 0~9 Slight cold stress
Neutral 18 ~ 23 9~2 No thermal stress
Slightly warm 23~29 Slight heat stress
Warm 29 ~35 26 ~ 32 Moderate heat stress
Hot 35~ 41 32~ 38 Strong heat stress
38 ~ 46 Very strong heat stress
Very hot ) 4
) 46 Extreme heat stress

Source: Jo et al., 2017

curtain®] AX|H %S Wl Bt 3.3, green curtain®] AX|HA] ASES wf Wt 32°C AUt Aejwct v w2 gt
& Hlow, PETSF W7 IR oRHe] green curtain Bdh= mlH[RE 202 Uehdrh i Zjol= green curtain
o] MA|=|}E wf 19:109] 5.4°C, green curtain®] A=A AkS w] 18:579] 45T AUt AQEct ¢ =2
P Bk

F700] green curtain®] PETOA= AUl - 9] Bt A&7t 1/3 &4, UTCloM= 1/6 @A Uit o]
A= green curtain® 2 Qlel] HgRgo] A2 Ul GRS wixh= o] Zoka]7] whze] gt Zlol7t ekt
o Holw offlolli= green curtain®] AIFEAIHRIE 7Fre BFE Fol, ¢t W= PETeF UTCIO 7L
£t &0l ZHE Hol= Z0= YRyt

33 5o 73

Green curtain®] AXH 2793 HAE]7] ke 319 2ol BYH FHARIS] AY] - ¢ n|7]% 940} Izt
HRPAAG(PET, UTCDY fold A8 9lol, SPSSe| HHBE mtestE 95% AlEGollA 302 HHARE o]
Boto] Aasllet. 1 Axy, 71 Q)] Aol T, RH T Fo0] Sl 2102 veptod, it o1
o] 9= Zo® UeRdtiTable 6 x). PETS UTCIolM= fobdol Sl Zom veid, SAR R 27%%
31 F219] Q7 EePEe TS Zlos w4 glrk.

T AY9) Aol 7, RH v |§o)d0] = AeR Yehdod, 7= feiol gle AoE Yeyitt
(Table 7 #=). PET} UTClAA = frelde] b= Ao UERY, green curtain] 23t o534 Iz |8 714
Tt e AeZ yepgr

4. 1%

2 Aol green curtain®] BFFE S AW 77F BAAH0R 16T, o 18T o Al AAE B
dl, o] A¥k= Li et al(2019)9] SollA HH Hsl2 Qlsjo] Auje] 71eS Bt 1.5-4.5C Aades ke
et GAsI. o, Mo(2019)9] SollA] Aol B =sha Qlsto] Al 7125 Ao 6.5C Atads «ot
L AvHis U 28 B3t o2t Avls Mo(2019)9] AFelds 459 AES olg3lo] 100% G215 2t
HelgA 2 Ao fele] HAS oF 712% Asho] e 7k ekl Zog Heldt

n71% 8491 T, RH, T,,,°1 57F= PETSH UTCIZE $7K6ke 40l 8|, wo] $7h= PET9F UTCIZF 2
Aok 20| ATHHAIE HeltKJo, 2018). ¥ AFollA <7t dbAAls B4 A3 71 green curtain®] 2] &
2 PETE 21T, UTClE 1.1CY] AJ0l& B9 no green curtain®] A7} green curtain®] A7} fARH]
T8t RHE] Y] - 9] Zpol7h AAsHAY Hae w] AU - 9] Zjol7k AR, PET} UTCL Zlofi= 4sto] green
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Table 6. Verification of the significance of outdoor microdimate factors and human thermal sensation according to the presence or absence

of green curtain in the daytime

Variable Group Number Mean Standard deviation t Significance (2-tailed)

20210827(green curtain) 21 29.12 1.04

T 0.997 0.325
20210831(no green curtain) 21 28.78 1.10
20210827(green curtain) 21 69.06 512

RH -0.852 0.399
20210831(no green curtain) 21 70.51 5.89
20210827 (green curtain) 21 2.35 0.33

u 7.870° 0.000
20210831(no green curtain) 21 1.49 0.38
20210827(green curtain) 21 53.36 9.50

Tt 0.970 0.338
20210831(no green curtain) 21 50.16 11.76
20210827(green curtain) 21 36.36 4.1

PET -0.091 0.928
20210831(no green curtain) 21 36.51 5.89
20210827 (green curtain) 21 35.49 2.59

Ut 0.039 0.969
20210831(no green curtain) 21 35.45 344

p0.05

Table 7. Verification of the significance of indoor microclimate factors and human thermal sensation according to the presence or absence of
green curtain in the daytime

Variable Group Number Mean Standard deviation t Significance (2-tailed)

20210827(green curtain) 21 29.26 0.74

Tz -3.070° 0.005
20210831(no green curtain) 21 30.35 1.46
20210827(green curtain) 21 68.26 3.9

RH 2738 0.009
20210831 (no green curtain) 21 64.40 5.15
20210827(green curtain) 21 0.64 0.35

u 4.944 0.000
20210831(no green curtain) 21 0.19 0.22
20210827(green curtain) 21 33.32 5.48

Tt -0.744 0.461
20210831(no green curtain) 21 34.56 532
20210827(green curtain) 21 30.77 1.61

PET -3.538 0.001
20210831 (no green curtain) 21 32.90 2.25
20210827(green curtain) 21 3214 1.12

utd -2472 0.018
20210831(no green curtain) 21 33.19 1.59

"p (0.05
curtain®] A2 w2 A A7k avpt o 34 vepd 2oz Belc
5 Z2
B AFollA green curtain @AO] f2] HH=SP} 45 A - ¢Jof delge] w %‘6 H] }71 <13,
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RH, u, BF & AR-EARZ)E
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