sk Fstg|R| 52(3): 18~32, 2024. 6. pISSN 1225-1755 elSSN 2288-9566
J. KILA Vol. 52, No. 3, pp. 18~32, June, 2024 https://doi.org/10.9715/KILA.2024.52.3.018

HFA 3Y FAE W oS 7 A BN Y AP ok Aot

Analysis of The Human Thermal Environment in Jeju’s Public Parking Lots in Summer and Suggestion for
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ABSTRACT

This study aims to analyze the summer human thermal environment in Jeju City’s outdoor parking lots by
measuring microclimate data and comparing pavement and vegetation albedoes and elements through computer
simulations. In measured cases, results due to albedo showed no significance, but there was a significant
difference between sunny and shaded areas by trees. The sunny area had a PET (physiological equivalent
temperature) in the 'very hot' level, while the shaded area exhibited a 2-step lower ‘'warm' level. UTCI
(universal thermal climate index) also showed that the sunny area was in the 'very strong heat stress level,
whereas the shaded area was 1-step lower in the 'strong heat stress' level, confirming the role of trees in
reducing incoming solar radiant energy. Simulation results, using the measured albedoes, closely resembled the
measured results. Regarding vegetation, scenarios with a wide canopy, high leaf density, and narrow planting
spacing were effective in mitigating the human thermal environment, and the differences due to tree height
varied across scenarios. The scenario with the lowest PET value was HOW9L3DS8 (tree height 9m, canopy
width 9m, leaf area index 3.0, planting spacing 8m), indicating a 0.7-step decrease compared to the current
landscaping scenario. Thus, it was confirmed that, among landscaping elements, trees have a significant impact

on the summer human thermal environment compared to ground pavement.

Keywords: Thermal Comfort, Urban Heat Island, ENVI-met, Tree Scenario
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(2)lldo2-dong site
(1) Nohyung-dong site

(a) No_1_ascon (b) NO_2_concrete (c) No_3_ascon (d) II_1_grass (e) Il_2_ascon () 1I_3_ascon
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Figure 1. Locations and photographs of 6 parking lots in the study area
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Table 1. Characteristics of 6 parking lots in the study area

Site Nohyung-dong lldo2-dong
Parking Nohyung1 Wollang village 2 | Nohyung orgeori | Nohyung orgeori Morrowat1 Youngnak church Morrowat2
lot's name| public parking lot | public parking lot | parking lot (sunny) | parking lot (shade) | public parking lot parking lot public parking lot
Code No_3_ascon
No_1_ascon No_2_concrete I_1_grass I_2_ascon l_3_ascon
name No_3_ascon_sunny | No_3 ascon_shade
P it
aven?n Ascon Concrete block Ascon Ascon Grass block Ascon Ascon
matrial
Albedo
value 0.1 (10%) 011 (11%) 0.08 (8%) 0.19 (19%) 0.14 (14%) 0.09 (9%) 0.17 (17%)
Arrangement two | Arrangement two
. . Arrangement one . .
Vegetation| . .. | Street trees outside | rows of trees on | rows of trees on .., |Street trees outside|A flower bed in the
Single tree in site . . i row of trees inside . .
pattern the site both sides of the | both sides of the the parking lot the site parking lot
parking lot parking lot paring
Sky view
0.75 0.81 0.5 0.97 0.98 0.98
factor
o glsle] g 4319 st
12AI9} 28A|9] A5 Alas o5d 89 § e Y2 7IECR ofF ob I, HF BARIIA £
ol g W ARke s, 9:00~18:00 FHO] H7|F AnE Sl n71E £ vl AAl19] Vs 0
&, AEHIA 12m o] **Xlokﬁ T AT - B4 - BRE 1B BYR, Bk AT BAjoA] Ams
52 B912 SeloniTable 2 3), A2 24T e 02 Bake olgslaic
3= ENVI-met T2 T3 (Ver, 5.5.1)2 28310 AJBeo]AL Asdsiatt, ENVI-mete At &7 oJske
FeR sl TaIoR LA F3t 140) hssiel, 18, 48 24 Al 5o B4 tifsilel 319l
7t RERE AAE 4 Qlk obgd 3 AlEElelde 9l ni7IR 9 Qi G497 240l TisEl A AR es
5] ARgHAL Qlck
2 e 24 dVdAl 638 T o2 2velaql IEIIHES S tiEdos F9UAL, ENVI-mers 28
) Wt A 22 Al WA £ ALel28 WESIch of ABole) ZaEe ol 54 Al
AHgleh 443 Folglel. o Aol A2 Az} A8l AR oS A3k S RS B
Soll ArEelold A Wwsi, Avks FA W & Ade] obd AP Al 7] Haghe &ES) AR
sjick
Table 2. Instruments for microclimatic data (Jo et al., 2017)
Instrument
Image Data Name Accuracy Resolution| Manufacture
Sol d | CNR4 net
, | eerandionguave e < 1% (-40 - 80) 0.1Wrmi |Kipp & Zonen Inc.
Air Temperature. Relative Humidity T Wind speed,dlre;tlon rad|at|on rad|0meter
Campbe\,\\ﬂz:iseiﬁfic Inc. k Néeatmoy;]beeﬁasc?:r-wt\(f\?cnﬁscet
E ' Ar temp: + 0.3C (-80 - 60C
E / Air temperature and " ,e P o ¢ ) 0.01C
relative humidi HMP155A Relative humidity: 2% (0 - 90%) 0.01%
. Y -]
Kipp & Zonen Inc.
; y Campbell
Wind + 01ms” (< 10.1ms”
Wind speed and | Met one 034B-L ind speed s ms_w) 4| Scientific Inc.
direction indset + 1.1% (= 10.1ms™) | 0.001ms
Wind direction: + 4°
Datalogger CR1000 + 0.06% (0 - 40C)
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Table 3. Weather input data for ENVI-met simple forcing simulation

Time Air temperature (C) Relative humidity (%) Time Air temperature (C) Relative humidity (%)
00:00 276 80.6 12:00 291 83.9
01:00 276 81.3 13:00 309 738
02:00 274 83.8 14:00 339 55.8
03:00 274 84.4 15:00 338 57.7
04:00 27.3 85.9 16:00 328 64.8
05:00 27.3 87.7 17:00 324 64.4
06:00 27.2 91.0 18:00 325 59.6
07:00 271 9.0 19:00 31.2 64.9
08:00 284 88.3 20:00 30.3 66.5
09:00 291 83.5 21:00 298 65.8
10:00 29.1 83.8 22:00 30.1 654
11:00 289 84.5 23:00 30.1 72.0
Wind speed: 2.8ms™

Wind direction: 105°

Table 4. Characteristics of trees in the scenarios for ENVI-met simulation

Height (m) Crown width (m) Trunk height (m) Leaf area index (LA Planting distance (m)

1.5 8
) 12
/ 8

3.0
12
6 8
1.5 2

9

3 8
12
3 8
1.5 2
/ 8

3.0
12
? 8
1.5 2
0 8
3.0 2
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e - : . [ . . s ditte £ 5
(a) Base (grass-block base) - ‘ (b) The best scenario (HOW9L3D8 +grass-block) ‘ . ‘ () No planting + grass-block ‘
e: ; - .

Figure 2. A example of tree planting scenarios for ENVI-met area input files
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Table 5. The levels of physiological equivalent temperature (PET) and universal thermal dimate index (UTCI)

Thermal perception PET (O uta () Grade of physiological stress
(-40 Extreme cold stress
Very cold (4
=27 ~ -40 Very strong cold stress
Cold 4~38 =13 ~-27 Strong cold stress
Coal 8~13 0~-13 Moderate cold stress
Slightly cool 13 ~18 9~0 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

(Jo et al., 2023; Matzarakis and Mayer, 1996)
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Figure 3. Microclimatic factors of 6 parking lots
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Figure 4. Shortwave (S) and longwave (L) radiation values of 6 parking lots. Up and dn mean
incoming radiation directions
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Figure 6. Polynomial regression analysis between time and differences of measured microclimatic
data and ENVI-met results
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Figure 7. Differences between grass-block base (BASE) and other scenarios about microclimate
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