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[Abstract]

This study aims to evaluate the improvement of thermal comfort by green buffer (GB) using ENVI-met v4.0. The study site
focused on the detached house area adjacent to the old industrial complex that has not benefited from GB for a long time. First,
temperature, humidity, wind speed, and globe temperature were collected at three points within the study area. Second, the
micro-climate performance of ENVI-met v4.0 was compared between field data and model data for model reliability. Third, the
current and two scenario models(GB width of 10m and 20m) were compared to identify a statistical difference using ANOVA and
t-test. The results show that statistical differences among the three models were confirmed, and the average values of the three
variables (Temperature, Tmrt, and PET) differed only between the current environment and Scenario 1, and Scenario 2. The
creation of GB improved the study area's thermal environment. GB blocked the heat of the old industrial complex but had no
dramatic cooling effect as GB reduced the wind speed. Finally, the width difference of GB showed an insignificant effect on
thermal comfort. In conclusion, this study emphasized proper validation for ENVI-met v4.0 using field data and showed that GB

is also functional and effective in terms of the thermal environment.
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Table 1. Simulation environmental conditions

g =71

Model parameter Simulation time: 28h

Model boundary (x,y,z) [130, 130, 30

Grid size (dx,dy,dz) 2,2,2

Surface material Concrete & Asphalt

Detached  house:  Concrete(default),

Building condtion Factory: still sandwich panel(Blue&Gray)

Location on Earth Busan/South Korea, 37.17, 128.98

Rotating Model based

on North 4

Meteorological data date: 2018. 8. 3.

Wind (10m a.g.l.) 2.8m/s

Wind direction 340(NNW)

Specific Humidity

(2.500m a.q.l.) 7.0g/kg(default)

Roughness length 0.1(default)

Building: 0.90, Floor(Concrete & Asphalt):

Material emissivity 0.90, Grass: 0.95, Tree: 0.95
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Table 3. Measurement sensors information and Accuracy
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=l Al=X|MEd 2} 53 ture AUty wind direction temperature
O3 2. AEX|HY 7t o1 sensor | Sensor | sensor | " o sensor
Fig. 2. Spatial view on field measurement point
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Table 2. Characteristics of each street point in the study area
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Table 4. Thermal perception level and PET range for
physiological thermal stress of human

PET(C) Thermal perception | Grade of Physiological stress

4 Very Cold Extreme cold stress

8 Cold Strong cold stress

13 Cool Moderate cold stress

18 Slightly Cool Slight cold stress

53 Comfortable No thermal stress

59 Slightly Warm Slight heat stress

35 Warm Moderate heat stress
Hot Strong heat stress

4 Very Hot Extreme heat stress
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At AR WA, Lel, A, O, AF, /DE 1]
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Current Scenario 1 Scenario 2
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Fig. 3. Scenario model
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Table 5. Validation of temperature and mean radiation
temperature between simulation and field value

Simulation—Field | RMSE(‘C) | MAE(C) | MBE(C) R?
Ta 0.7 0.2 0.1 0.91
T, 6.0 5.6 4.2 0.93

sample pairs: Ta= 75, Tmrt= 25
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Fig. 4. Validation of temperature(Ta, top), mean radiation
temperature(Tmrt, bottom) between simulation and
field value
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A =1 22Ut FAANEY A 2 vE AT &
2 FAAR] Afolg HolX] Fgh o= HIlt)
E 6. ANOVA 24 Z3}
Table 6. Analysis result of ANOVA
Model Variables F-ratio
Temperature 5.205**
Current )
environment, Wind 0.461»=
Scenariol, Tmit 6.170%
Scenario2
PET 5.871%x

*p<0.05, **p<0.01, *»**p<0.001
22 2 A Wigee] Faigko]l TAIA Aol 7t AEA HEE)
12} BHlEY A (Bonferroni correction)S AAEFITH
GE 7). 24 47, 939 Avele 1, 93 A e 23k
o= 71, Tmrt, PETS] Htgk 2ko]7F frelsiAl Yelshe
v A Q13 27kl folahA] eiv Ao R Uit o]
L glEx] WA Z7l) X de) 1)L kst A XA A

AR |
oNA wlg- Z Aol E WHEA] Hg Ao R HAlth

pud

48 Z23t

I 7. Bonferroni
Table 7. Result of Bonferroni correction

Variables Model Current Scenario 1
Scenariol | -0.231 *
Temperature

Scenario2 | —0.371 * ok -0.140
Scenariol | —6.385 *

Tmrt
Scenario2 | -6.574 * -0.190
Scenariol | =3.570 *

PET
Scenario2 | -3.715 * ok -0.145

*p<0.05, **p<0.01, *#*+p<0.001
4-3 |5 CHYA| LY 071

1) 39S FAX G| 7l ews)

2 AT AEHASE B3 EFE =o| 1.4me] 712,
HPEALE PET 3HS Agale] 9% 2400 w2 1]
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7 B2 14419 g A7 224] V]S A= ' & A
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37.7CoIH 7hg vhe 2= 26.7CE Uehdth thut HA
7128 AlEdeld A A el sfidete] A SRS
7FsAdol drk 7] EEE U AR 144]90] A o]
e AEFEA AR O £ 728 BN 7F Azt
el 224100 eIt W Aol = gETE Ao
=% T vlaske] o He 7S HolAY AR 7]
B¥E B
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Table 8. Simulation results of temperature in the study

area

Temperature at 14h Temperature at 22h
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Fig. 5. Temperature difference and variation between old
industrial complex and neighboring detached
housing area
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Table 9. Simulation result of thermal comfort at 14h
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Table 10. Results difference of windy by scenario

Current — Scenario 1 (at 14h) Current — Scenario 2 (at 14h)
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Table 11. Temperature decrease effect at the distance
point by green buffer width

Current — Scenario 2
(GB width 20m)

Current — Scenario 1
(GB width 10m)

Width 13h ~ 16h (n=40) 13h ~ 16h (n=24)
10m aitt.| ot e ol
10m| -0.23| 2.25
20m| -0.20| 2.55 * 10m -0.33| 3.27 =
30m| -0.18| 3.30 *» 20m -0.25| 3.77 xxx
40m|  -0.18| 3.05 *x 30m -0.23| 3.55 xxx
50m| -0.17| 2.85 xx 40m -0.24| 3.52 xxx
60m| -0.15| 2.25 #» 50m -0.22| 3.19 *x
70m| -0.09| 2.54 60m -0.10| 2.03 *

*p<0.05, **p<0.01, »**p<0.001
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Table 12. Difference of Tmrt and PET by green buffer
width
12h~16h
) Current — Current —
Street | Variables Current Scenario 1 Scenario 2
()
Diff.('C) Diff.('C)
R Tmirt 49.01 —1.27 x#x —1.52 x#x
(N-S) PET 41.22 ~0.25 -0.26
o Tmirt 50.35 —1.28 *#x —1.47 wxx
(N-S) PET 41.84 —0.38 #*%  —0.56 *xx
R3 Tmrt 50.16 ~1.50 *#x —1.82 #%x
(E-wW) PET 44.22 —0.82 xxx|  —1.14 xxx
A Tmrt 66.53 —21.65 **5|  —21.54 »x»
(E-W) PET 51.78]  —12.46 xxx|  —12.47 wxx

*p<0.05, **p<0.01, ***p<0.001

F 13. HE-ALE|2 12F 14412 L XM xfo|
Table 13. Thermal comfort difference between current
environment and scenario 1

Current — Scenario 1 (Tmrt) Current — Scenario 1 (PET)
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