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Study on thermal environment and human thermal comfort of green roof based on ENVI-met
simulation—Green roofs of Anhui Institute of Building Research and Design as an example HU
Xinkang®, GU Kangkang"?, GENG Shiyao®, XIE Weidong® (1.School of Architecture & Planning,
Anhui Jianzhu University, Hefei, Anhui 230022, China; 2.Anhui Institute of Territorial Spatial
Planning and Ecology, Hefei, Anhui 230022, China)

Abstract:

[Background] In the context of global climate change, with the intensification of urban heat
island effect, research on urban thermal environment and human thermal comfort is gaining
increasing attention. Green roofs in the hot summer-cold winter regions have significant cooling
and humidifying effects in summer.

[Objective] The study is designed to explore the mechanism of green roofs in reducing urban
heat island effect and improving human thermal comfort, and provide a scientific basis for the
design of urban green roofs.

[Methods] The garden green roofs of Anhui Institute of Building Research and Design were
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monitored under a clear and windless weather condition. The ENVI-met 4.4.5 software was used to simulate two different types of roof
greening (garden and ground-cover) and three different vegetation layout forms (random, group, and enclosed) based on verifying the
accuracy and reliability of the model. The cooling and humidifying effects of green roofs were measured from a “surface” perspective,
and the physiological equivalent temperature (PET) was used to evaluate human thermal comfort.

[Results] (1) Green roofs had significant cooling and humidifying effects in summer, with a stronger cooling effect during the day than at
night and a stronger humidifying effect at night than during the day. (2) Ground-cover and garden roof greening showed similar trends in
cooling and humidifying effects. The daily temperature decline of ground-cover and garden green roofs ranged from 0.002°C to 0.068°C
and from 0.001°C to 0.141°C , respectively; the humidity increase ranged from 0.367% to 1.952% and from 0.555% to 2.305%, respectively;
garden roof greening showed steeper changes. (3) During 19:00—6:00 the next day, i.e., when the air temperature was between
26.462°C and 28.436°C , the relative humidity was between 54.192% and 66.608%, and PET was between 18-23°C , the human thermal
comfort was at its highest level. During 11:00—16:00, i.e., when the air temperature was between 28.557°C and 30.349°C, the relative
humidity was between 49.646% and 57.636%, and PET was >41°C , the human thermal comfort was at its lowest level. During 6:00—11:00
and 16:00—19:00, i.e., when PET was between 23-41°C, the human thermal comfort was at an average level. (4) In the context of same
vegetation configuration proportions and different vegetation layouts, the average temperature of the plot from low to high was random
layout < group layout < enclosed layout; the temperature was positively correlated with the wind speed and negatively correlated with
the relative humidity; the three vegetation layouts showed same heat stress levels at same time points.

[Conclusion] In the hot summer-cold winter zones, both ground-cover and garden roof greening have certain cooling and humidifying
effects in summer. Associated human thermal comfort levels change in a day. Therefore, increasing green space and urban green volume
is important to improve urban microclimate and enhance human thermal comfort.

Keywords: hot summer-cold winter zone; green roof; cooling and humidifying effect; human thermal comfort; microclimate; ENVI-met
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Soil moisture/% Default value
IR /K 105 BiAfE

Soil initial temperature/K Default value

1.5 FRIFRHHEEINAZ ENVI-met ERUEEISIE

%EEY 2020F9 A 12 HM9 A 30 BIEM = AL B C
EEtmE1ISmEEATEENMIE, SEER
M 1.0m = E L ENVI-met B BUR ERRIMEFHITIILL
59, HREABE AN EIANEEFH TR
. KA HIRIRE (root mean square error, RMSE)
MFYAEITIRE (mean absolute error, MAE) (1R
BB EY,. BalAIABRMSE N F0.5274.30°C,
MAE 77TF 0.27~3.67°C2 A LUEZ Y 1#,
1.6 MERRIEEMNRYA E

ETENVImet MG RINER, M BB ESH
TNE, 23ERINRE 1.0m = ELKEERTZ
HNERBEMSEREMBWASEE Te. Ts, URIEXTE
FEEE Re. Re, 1B IT B IRIGIEINBT B EZ PAZ /NP
B BEYE (BN T, R), RERARERTREE LUK ARE
BREEFANREETNER. BB (AT=Ts-Ts,
AR=Rs-Rs) , URIE—RAMER. 1T AT (81 T 1
HFIE B
1.7 AEREFEMHTENER

AEAFEEREX N SWRIFIER AR
BRRE”, BXNEABMKARIRERFHITHEM
HEEITEMN 2, AMEATFEETEN KR, R

www.jeom.org



#5455 J2 &% | Journal of Environmental and Occupational Medicine | 2021, 38(7) 697

SEXRATE, ERANEREEERNERE TN
SRR BT (prediction of average thermal sensation
index, PMV) . £IBENUERE (physiological equivalent
temperature, PET) LU Az i@ B # K & &8 24 (universal
thermal climate index, UTCI) &, Pmv. PET# UTCI
HRNEZERTAEERZTEAEIEPNER, B
UTCI R 7T 53 Z [RIRYIAPBRIRZ M, 777E 20% RYIRE |
mPMVIERTFEERE. EHERDBIAZE P, PET
EETREZEAGAS FEREEM IR KN,
BERI AR SHFRIMSTRBIRAXR P, PETR
REETRE. AEE. KiE. KPRENEMIERER
RIMNREIRY, ANBEERT RRORE. TR &
K ESIRESFEEREZENATIADERMYE, URARK
EFEMERIEIRD, AR RAE AR,
BEMPETRHTHE, ZIBIMEAT IR ED,
BAEIER2, HPAKARIRENBM. B5. KE
S5F# 257 175cm. 70kg. 35%, BREFARPBRE SN
0.0775W-mK?*, JE&H 75 EFTFRAETZE 7 so w-m2,
HRE ENVI-met X AE] BIO-met i3RI+ E 1S El PET (B,

®2 EEFWEREFRITE

Table 2 Physiological equivalent temperature grade

HIBENCRE /°C
Physiological AR ESEve v
equivalent Perception state Physiological stress level
temperature/°C
<4 1R% (Very cold) RS R/ [z (Extreme cold stress reaction)
4~ /% (Cold) BZUA RS/ R (Intense cold stress reaction)
8~ )& (Cool) hE SN N (Moderate cold stress reaction)
13~ TR (Slightly cool)  BI¥IARSER I (Mild cold stress reaction)
18~ £%3& (Comfort) THNLER N (No heat stress reaction)

23~ BB (Slightly warm) ARS8/ B2 (Mild heat stress reaction)

29~ BE (Warm) hEHNH R M (Moderate heat stress reaction)

35~ # (Hot) SBIIMN /R W (Intense heat stress reaction)

41~ 1R (Very hot) IR B 2 7 (Extreme heat stress reaction)
2 R

2.1 FRIRRIFEEINRIRENEE
ME1ETUEY, EENSNEHMEIHATS
mESH AR, EXEE ARG, $97E 15:00 BT
SEEXRIEHNRSE, EXNEERAEEBNRME
Bo = NEM KA EE L NEMREINER RMSE /T
F0.756~1.233°C 2 [&], MAE B 7" F 0.607~1.093°C Z
8], BRI
2.2 FARAZBEINEE EINREMRILENEE
ERXMNEERXAHARLEZEETNNER

MNEMAKXRFERES, IWERMNEREARER
BSSH B AR DRI, DARERMHEEEINHKE
EMNTHEERN—H (B2), REEEELEM

. B SHEEXREEMHEHERRBE D
7£0.002~0.068°C 5 0.001~0.141°C Z 8], & R 12E 5
BI7E 0.367%~1.952% 5 0.555%~2.305% 2 i8] ; {EFE
FERINMERIE IR R T EIFREREETN. B
2R, FRERBZERETNHX 7:00—10:00 f&
SRR B RS, 45512 10:00—14:00 BYPE SRR A]
ZBEARIT, BTE 15:00 E)X H 7:00 &R N Z H71E 58
BBETFRE, EEAER TURINKREERE 8T
0.150°C, REILBZEBEINERX (6:00—18:00) , HF
72 7E 6:00—9:00 BY 8] B A B RRHVIE TR, MAE
Ria] (19:00— X H 5:00) &SR 550

~
o

for)

(o))
[ ]
N O O
o,

()}
~
8 & ©
HBXTEE /% (Relative humidity/%)

v uoun
o H 00N
v oo o
(=

b
N O
HBXH R /%(Relative humidity/%)

~
N

a O N

v oun
o B O N O O

FBRTE /% (Relative humidity/%)

w

—o— 1&INEE (Simulated temperature)
—o— SLNIR A (Measured temperature)
—A— 1RINEE (Simulated humidity)
—A— TNERE (Measured humidity)

S
(=]

'
N

CEIA: M=A;B: MMEB; C: MllsC
[Note] A: Monitoring point A; B: Monitoring point B; C: Monitoring point C.
1 BE. EEXNSEINEIENLL

Figure 1 Comparison of observed and simulated data
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