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Abstract

The effect of reducing the thermal environment of trees was analyzed from
three perspectives: tree shape, leaf area index (LAI) and planting rate. Three
types of trees were used: an ellipsoid, a triangle, and an inverted triangle
forms. Although the difference by forms was insignificant in air temperature
(7)), relative humidity (RH) and wind speed (Ws), the elliptical form showed
the most excellent thermal environment reduction effect at the mean radiant
temperature (7). The higher LAI of trees, the greater the thermal
environment reduction effect. Above a certain LAI level, the increase in the
reduction effect was found to decrease. The planting rate of trees was
determined by halving the planting amount from 100% to 12.5% and LAIs set
to 2 and 4. The greater the planting amount of trees, the greater the thermal
environment reduction effect. The higher LAIs, the greater the difference in

the reduction effect. As the planting rate increased, the mean radiant
temperature differed by 14.4—16.5°C on average. In physiological equivalent
temperature (PET), there was a difference of up to two levels from the 'very
hot' to the 'hot' level. The difference in 7, RH and Ws was found to be
insignificant in the tree type, LAl and planting rate of trees. Therefore,

reducing the mean radiant temperature is the most effective on improving the

thermal environment.
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Table 1. ENVI—met simulation forcing input data from automated synoptic

observing system data at Jeju weather station

Jul. 23. 2011
Air temperature Relative humidity Wind speed
Time
C) (%) (ms™!, 10m height)
05:00 22.7 86 2.8
06:00 22.7 86 (Wind direction: 45°)
07:00 23.0 84
08:00 24.5 78
09:00 25.7 76
10:00 26.3 77
11:00 27.0 71
12:00 28.2 65
13:00 28.4 67
14:00 27.9 67
15:00 27.6 70
16:00 27.8 70
17:00 27.5 72
18:00 27.0 75
19:00 26.4 80
20:00 25.7 85
21:00 25.3 87
22:00 25.0 89
23:00 24.8 88
00:00 23.8 82
01:00 23.6 84
02:00 23.4 84
03:00 23.3 86
04:00 23.0 87




Table 2. Computer simulation variables by tree shape

Variable

Tree shape

Ellipsoid, Triangle, invert Triangle

Height
7(3)m 10(4)m
(trunk height)
Width 7m 5m
LAI 2 3




40m

n
40m
a.2D

Figure 1. ENVI—met area input file of tree shapes

b.3D
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Table 3. Computer simulation variables by LAI

Variable
Tree shape Ellipsoid
Height
7(3)m
(trunk height)
Width 5m
LAI 2, 4,6, 8,10, 12, 14, 16, 18, 20
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Table 4. Computer simulation variables by planting rate

Variable
Tree shape Ellipsoid
Height
7(3)m
(trunk height)
Width 5m
LAI 2,4

Planting rate (%)

Coverage rate (%)

12.5 6.4
25 13.0
47.5 23.5
100 52.0

1

1
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Table 5. The levels of physiological equivalent temperature (PET; Hoppe,

1999; Matzarakis et al., 1999)

Thermal perception PET (C)
very cold <4
cold 4 ~ 8
cool 8 ~ 13
slightly cool 13 ~ 18
neutral 18 ~ 23
slightly warm 23 ~ 29
warm 29 ~ 35
hot 35 ~ 41
very hot > 41

13
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Figure 4. Microclimate results for whole area mean values by tree shapes (a:

alr temperature, b: relative humidity, c:

wind speed, d: mean radiant

temperature, Ell: Ellipsoid, Tri: Triangle, iTri: Inverted triangle)
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Table 6. 7w differences by tree shapes (Ell: Ellipsoid, Tri: Triangle, iTri:

Inverted triangle)

Height Tm 10m

Tree Ell - Ell - Ell - Ell - Ell - Ell -
shape Tri 1Tri 1Tri Tri 1Tri iTri
10:00 -1.7 -1.6 0.0 -2.0 0.4 2.3
11:00 -2.8 -1.7 1.0 -0.9 -1.1 -0.2
12:00 —2.5 -1.8 0.8 -1.3 0.0 1.2
13:00 —2.5 -1.8 0.7 -0.2 0.3 0.5
14:00 —-2.5 -1.4 1.1 -0.9 -1.2 -0.3
15:00 -3.0 —-2.8 0.2 —2.8 -0.7 2.1
16:00 -3.1 -2.9 0.2 -1.6 -1.2 0.4
Mean —2.6 -2.0 0.6 -1.4 -0.5 0.9
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Table 7. PET differences by tree shapes (Ell: Ellipsoid, Tri: Triangle, iTri:

Inverted triangle)

Height Tm 10m

Tree Ell - Ell - Ell - Ell - Ell - Ell -
shape Tri 1Tri 1Tri Tri 1Tri 1Tri
10:00 -0.4 -0.4 0.0 -0.4 0.1 0.5
11:00 -0.7 -0.5 0.2 -0.2 -0.3 -0.1
12:00 -0.7 -0.5 0.2 -0.3 0.0 0.3
13:00 —0.6 -0.5 0.1 0.0 0.1 0.1
14:00 -0.7 -0.4 0.3 -0.2 -0.3 -0.1
15:00 -0.8 -0.7 0.1 —0.6 -0.2 0.4
16:00 -0.8 -0.8 0.0 -0.4 -0.3 0.1
Mean -0.7 -0.5 0.1 -0.3 -0.1 0.2
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Table 8. Mean values of air temperature, relative humidity, wind speed, mean radiant temperature and PET of scenarios

Air temperature H7W5L2 H7W5L4
Planting rate (%) 12.5 25.0 47.5 100.0 12.5 25.0 47.5 100.0
Coverage rate

%) 6.4 13.0 23.5 52.0 6.4 13.0 23.5 52.0
10:00 30.2 30.2 30.2 30.2 30.1 30.1 30.1 30.1
11:00 31.6 31.6 31.6 31.6 31.6 31.5 31.5 31.4
12:00 31.7 31.7 31.7 31.7 31.6 31.6 31.5 31.4
13:00 31.6 31.6 31.5 31.5 31.5 31.5 31.4 31.2
14:00 31.9 31.9 31.9 31.8 31.8 31.7 31.6 31.4
15:00 32.4 32.4 32.4 32.4 32.3 32.3 32.1 31.8
16:00 32.0 32.0 32.0 32.0 31.9 31.8 31.7 31.4
Mean 31.6 31.6 31.6 31.6 31.6 31.5 31.4 31.2
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Table 8. Continue

Relative humidity H7W5L2 H7W5L4

Planting rate (%) 12.5 25.0 47.5 100.0 12.5 25.0 47.5 100.0
Coverage rate

%) 6.4 13.0 23.5 52.0 6.4 13.0 23.5 52.0
10:00 62.1 62.1 62.2 62.2 62.1 62.2 62.3 62.6
11:00 59.0 59.0 59.0 59.1 59.1 59.1 59.3 59.6
12:00 58.0 58.0 58.1 58.1 58.0 58.2 58.4 58.9
13:00 60.8 60.8 60.9 60.9 60.8 61.1 61.5 62.2
14:00 61.0 61.0 61.0 61.1 61.0 61.4 62.1 63.0
15:00 61.1 61.1 61.1 61.1 61.2 61.6 62.3 63.4
16:00 58.1 58.1 58.1 58.1 58.3 58.6 59.1 60.3
Mean 60.0 60.0 60.0 60.1 60.1 60.3 60.7 61.4
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Table 8. Continue

Wind speed H7W5L2 H7W5L4
Planting rate (%) 12.5 25.0 47.5 100.0 12.5 25.0 47.5 100.0
Coverage rate
%) 6.4 13.0 23.5 52.0 6.4 13.0 23.5 52.0
10:00 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
11:00 1.7 1.7 1.7 1.7 1.7 1.7 1.6 1.6
12:00 1.8 1.8 1.8 1.8 1.9 1.8 1.8 1.8
13:00 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.8
14:00 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.6
15:00 1.4 1.4 1.4 1.4 1.5 1.4 1.4 1.4
16:00 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.3
Mean 1.6 1.6 1.6 1.6 1.7 1.6 1.6 1.6
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Table 8. Continue

Mean radiant

H7W5L2 H7W5L4

temperature
Planting rate (%) 125 25.0 475 100.0 12.5 25.0 475 100.0
Cover(f‘yf)e rate 6.4 13.0 23.5 52.0 6.4 13.0 23.5 52.0
10:00 58.5 55.6 50.9 41.6 58.1 54.9 49.5 38.9
11:00 59.8 57.6 54.1 45.6 59.5 57.0 52.9 43.4
12:00 58.8 56.5 52.9 45.8 58.6 56.1 52.0 44.0
13:00 59.3 57.7 54.0 48.2 59.1 57.3 53.2 46.4
14:00 60.9 58.6 53.1 49.5 60.7 58.1 52.0 47.2
15:00 61.2 58.0 53.8 43.8 60.9 57.3 52.4 41.2
16:00 61.7 58.6 52.8 44.9 61.2 57.6 51.1 417
Mean 60.0 57.5 53.1 45.6 59.7 56.9 51.9 43.2
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Table 8. Continue

PET H7W5L2 H7W5L4

Planting rate (%) 12.5 25.0 47.5 100.0 12.5 25.0 47.5 100.0

Coverage rate

%) 6.4 13.0 23.5 52.0 6.4 13.0 23.5 52.0
10:00 41.0 39.7 37.6 33.7 40.6 39.2 37.0 32.6
11:00 42.5 41.5 39.9 36.4 42.2 41.2 39.4 35.4
12:00 41.7 40.7 39.2 36.3 41.5 40.5 38.8 35.5
13:00 41.8 41.1 39.6 37.2 41.6 40.9 39.1 36.2
14:00 43.1 42.1 39.7 38.2 43 41.8 39.1 36.9
15:00 44.3 42.8 40.9 36.7 44.1 42.4 40.1 35.2
16:00 44.2 42.7 40.1 36.7 43.9 42.2 39.2 35.0
Mean 42.7 41.5 39.6 36.5 42.4 41.2 39.0 35.3
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Figure 7. Microclimate results for tree planting area mean values by planting
rates (a: air temperature, b: relative humidity, c: wind speed, d: mean radiant

temperature, e: PET)
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