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The Effect of Shading on Pedestrians’ Thermal Comfort in the E-W Street
Ryu, Nam-Hyong - Lee, Chun-Seok

Professor, Dept. of Landscape Architecture, Gyeongnam National University of Science and Technology

ABSTRACT

This study was to investigate the pedestrian’s thermal environments in the North Sidewalk of E-W Street during summer
heatwave. We carried out detailed measurements with four human-biometeorological stations on Dongjin Street, Jinju,
Korea (N35°10.73~10.75°, E128°55.90~58.00°, elevation: 50m). Two of the stations stood under one row street tree and
hedge(One-Tree), two row street tree and hedge (Two-Tree), one of the stations stood under shelter and awning(Shelter),
while the other in the sun (Sunlit). The measurement spots were instrumented with microclimate monitoring stations to
continuously measure microclimate, radiation from the six cardinal directions at the height of 1.1m so as to calculate the
Universal Thermal Climate Index (UTCI) from 24th July to 21th August 2018. The radiant temperature of sidewalk’s elements
were measured by the reflective sphere and thermal camera at 29th July 2018. The analysis results of 9 day’s 1 minute
term human-biometeorological data absorbed by a man in standing position from 10am to 4pm, and 1 day’s radiant temperature
of sidewalk elements from 1:16pm to 1:35pm, showed the following.

The shading of street tree and shelter were mitigated heat stress by the lowered UTCI at mid and late summer’s daytime,
One-Tree and Two-Tree lowered respectively 0.4~0.5 level, 0.5~0.8 level of the heat stress, Shelter lowered respectively
0.3~1.0 level of the heat stress compared with those in the Sunlit. But the thermal environments in the One-Tree, Two-Tree
and Shelter during the heat wave supposed to user “very strong heat stress” while those in the Sunlit supposed to user
“very strong heat stres” and “exterme heat stress”.

The main heat load temperature compared with body temperature (37°C) were respectively 7.4 C~21.4C (pavement),
14.7C~15.8TC (road), 12.7C (shelter canopy), 7.0 (street funiture), 3.5°C~6.4C (building facade). The main heat load
percentage were respectively 34.9%~81.0% (pavement), 9.6%~25.2% (road), 24.8% (shelter canopy), 14.1%~15.4% (building
facade), 5.7% (street facility).

Reducing the radiant temperature of the pavement, road, building surfaces by shading is the most effective means
to achieve outdoor thermal comfort for pedestrians in sidewalk. Therefore, increasing the projected canopy area and LAI
of street tree through the minimal training and pruning, building dense roadside hedge are essential for pedestrians thermal
comfort. In addition, thermal liner, high reflective materials, greening etc. should be introduced for reducing the surface
temperature of shelter and awning canopy. Also, retro-reflective materials of building facade should be introduced for the
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control of reflective sun radiation. More aggressively pavement watering should be introduced for reducing the surface
temperature of sidewalk’s pavement.

Key Words: Street Tree, Shelter, Mean Radiant Temperature(MRT), Universal Thermal Clinate Index(UTCI), Radiant
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Figure 1. Measurement locations of the One-row, Shelter, Sunlit,
Two-row at the North Sidewalk Dongjin Street
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Figure 2. Plans of the One-row, Two-row, Shelter, Sunlit Station at the North Sidewalk Dongjin Street
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Figure 3. Experiment field's sky fisheye photographs at the north sidewalk of Donjin Street
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Figure 5. Measuring instruments photographs of the measuring points at the Dongjin Street

Table 1. Measured meteorological variables, instruments™ and sensors’ accuracy
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Size/accuracy

Radiant temperature

Reflective stainless steel sphere

@ 3,000mm

FLIR E-60

Temperature+2% resolution 320x240
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Figure 8. Solar radiation and air temperature at 24th~26th(July)/
13th~14th(August)/19th~21th(August), 2018

Legend: --@-- Solar radiation --@-- Air temperature
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Table 3. Comparison of 9 days average 1 minute term air temperature between 10 and 16hours in the measuring points at 24th~26th(July)/

13th~14th(August)/19th~21th(August), 2018

. ) Measuring day Mean=Std Err. Minimum/maximum Mean difference Paired #test a=0.01
Measuring point o o o
(mm/dd) () () +Std.Err.(C) t D
One-Tree 37.3+1.23 35.2/40.7
07/26 —0.8+0.82 —18.68 000
Sunlit 38.1+1.29 34.8/41.3
Two-Tree 34.6+1.07 32.3/369
07/24 —0.6+0.84 —14.58 000
Sunlit 36.2+1.05 32.5/379
Shelter 36.1+1.21 32.7/38.0
07/25 —0.8+0.73 —20.18 000
Sunlit 36.911.25 33.0/395
One-Tree 324+1.12 29.5/348 "™
08/20 —0.2+0.66 —5.58 000
Sunlit 32.61.05 30.5/34.9
Two-Tree 33.71.26 30.6/36.5
- 08/21 —0.8+0.75 —19.08 000
Sunlit 34.5+1.38 31.3/371
Shelter 32.0+2.42 270/352
- 08719 —1.0£0.75 —24.80 000
Sunlit 32.9+2.67 21.3/36.8
One-Tree 372153 33.8/40.2
08/14 0.40.39 19.90 000
Shelter 36.8+1.44 334/391
Two-Tree 34.7£0.96 32.2/36.6 .
08/13 —04+0.381 —9.60 000
Shelter 351+1.22 32.1/375
One-Tree 30.620.89 289/329
08718 0.9+0.64 28.00 000
Two-Tree 29.7+0.96 219/322
001
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e | %ZE?_ AxA 38T 46C(Armson ef al,
013) Bt &2 gholth, ol& &4 W, 4 e LA %
A9l 71T Zpolol| ojgt Aolg} ke

AT W) H MRTE Hlarshd, 10:00~16:00 A 7-ehel
Ha MRTE One-Tree7-2 Two-Tree7-7} Shelter7-o H]al
74z} 4.4°C9F 36T EA et ol Shelter 9] Apoka 3}
7t 4N A O R =A vebg] wiolth AlEE A7 A
MRTE One-Tree 79} Two-Tree 7= Shelter7ol H|3] 2.
0C~42T Y7, 36T ~102T =7 Uehgth ol gy
T7b molA WA o] oet AFOE HAMA O o] A=

Aol & ShelterBoh 71249] AAFEF7E FopA AT,
GV ETF G Azl 3 SRR dYle] Fashs Azt
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Table 4. Comparison of 3 days average 1 minute term MRT between 10 and 16 hours in the measuring points at 24th~26th(July)/
13th~14th/18th~21th(August), 2018

Measuring day Tine Measui int Mean+Std.Err. Minimum/maximum Mean difference Paired £test a=0.01
(mm/dd) 18 o () () +Std Brr.(C) ¢ D
One-Tree 50.2£5.40 41.2/585
07/26 10:00~16:00 —10.3+5.27 —26.0 000
Sunlit 60.6£1.75 57.0/64.7
Two-Tree 50.2+4.99 42.2/58.1
07/24 10:00~16:00 —9.4£510 —34.0 000
Sunlit 59.642.73 55.8/67.4
Shelter 39.7+1.63 35.2/42.0
07/25 10:00~16:00 - —21.2£1.38 —2635 0.000
Sunlit 60.8+2.36 55.7/65.6
One-Tree 46.3+4.78 39.4/589
08/20 10:00~16:00 —13.3+6.21 —32.7 000
Sunlit 59.742.27 54.1/64.9
Two-Tree 4784589 39.1/579
08/21 10:00~16:00 —12.8+7.33 —31.2 000
Sunlit 60.5£2.72 55.0/66.8
Shelter 42.6%3.10 32.6/46.3
08/19 10:00~16:00 —14.4+297 —80.6 000
Sunlit 57.0+4.28 42.9/64.9
One-Tree 47.0£2.08 432/51.1 -
10:00~10:51 51+2.99 12.3 000
Shelter 41.9%1.05 39.7/432
One-Tree 42.2+1.02 40.1/44.6 -
10:52~13:16 —20+1.20 —168 000
Shelter 44.2+1.80 405/474
08/14
One-Tree 52.4+5.86 40.7/615 -
13:17~16:00 724507 199 000
Shelter 452+1.72 39.7/51.6
One-Tree 4894654 40.1/61.5
10:00~16:00 442578 134 000
Shelter 445+2.04 39.7/51.6
Two-Tree 51.36.66 36.6/59.7
10:00~12:28 7.6+4.58 11.0 000
Shelter 43.7+4.07 35.1/474
Two-Tree 43.9+0.92 42.4/46.6 -
12:29~14:28 —42+1.48 —26.7 000
Shelter 48.0£1.09 46.2/50.1
08/13
Two-Tree 54.6+3.05 47.8/60.9
14:29~16:00 10.2£3.85 25.3 000
Shelter 4434171 415/48.3
Two-Tree 49.645.76 42.4/635
10:00~16:00 3.6%7.70 6.7 000
Shelter 46.0+2.26 41.5/50.1
One-Tree 52.3+2.69 46.9/55.9 -
10:00~11:00 4.0+2.36 87 000
Two-Tree 48.3+1.96 44.3/515
One-Tree 37.0+1.48 33.6/39.5 e
11:01~11:55 —82+2.20 —22.2 000
Two-Tree 45.1£1.61 42.2/479
One-Tree 39.848.53 32.4/58.0 -
08/18 11:57~15:44 3.3+2.02 18.0 000
Two-Tree 36.546.93 30.3/51.0
One-Tree 50.1£1.48 485/52.1
15:55~16:00 —4.7£154 —81 000
Two-Tree 54.9+0.76 54.1/56.2
One-Tree 42,0867 3247580
10:00~16:00 1.1#5.10 32 002
Two-Tree 40.9£7.90 30.3/56.2
" pRO0L

gt AeE Tt One-Tree 79 10:00~16:00¢] ¥+ MRTE W ¥ MRTE 47C~82C @AY, 33~40T =A Uekst
Two-TreeFHEF L1T 37 Webeh. o] Two-Tree ol & th ol 35492 401 BARE o] ARAHCZA,
Fassh AtACE B Ue) ol ARE AT One-Tree? 9} Two-Tree el SAAWZ hwsle] Azt
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Table 5. ‘Comparison of 3 days average 1 minute term L-MRT between 10 and 16 hours in the measuring points at 24th~26th(July)/

13th~14th/18th~21th(August), 2018

Paired #test a=0.01

Measuring day Time Measui - Mean=Std Err. Minimum/maximum Mean difference
(mm/dd) e P (T) () +8td Brr.(C) ¢ »

One-Tree 39.9+1.51 36.7/435

07/26 10:00~16:00 - —1.8+0.79 —438 000
Sunlit 41.7+1.87 38.3/45.3
Two-Tree 374+1.47 34.3/39.6

07/24 10:00~16:00 - —32+0.78 =789 000
Sunlit 40.6+1.94 36.3/43.3
Shelter 39.641.65 34.6/42.0

07/25 10:00~16:00 —1.6%0.52 =575 0.00
Sunlit 41.2+1.92 35.9/44.0
One-Tree 3214119 29.6/34.5

08/20 10:00~16:00 —32+1.03 —59.2 000
Sunlit 35.3+1.93 30.6/38.1
Two-Tree 32.5%1.18 29.2/34.5

08/21 10:00~16:00 —45%1.36 —632 000
Sunlit 37.0£2.07 32.1/398
Shelter 33.442.80 27.0/36.8

08/19 10:00~16:00 —15+0.78 =371 000
Sunlit 34.9+347 273/393
One-Tree 36.2+1.89 32.6/39.8

03/14 10:00~16:00 —1.0£0.69 —285 000
Shelter 372175 32.8/40.3
Two-Tree 33.7£1.30 30.6/36.2

08/13 10:00~16:00 —2.3+£1.27 —339 000
Shelter 36.0£1.97 31.6/39.0
One-Tree 30.041.18 279/329

08/18 10:00~16:00 1.6+0.84 36.1 000
Two-Tree 284+1.22 259/31.0

" p<0.001.

68 3st=xZsIE(X| M| 463 65 (2018 12%)
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Figure 9. UTCI variation absorbed by a man in standing position between 10 and 16 hours in the measuring points at 24th~26th(July)/

13th~14th/18th~21th(August), 2018
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b: One-Tree(E, 13:33)

d: Two-Tree(E, 13:16)

f: Shelter(E, 13:31)

e: Shelter(E)

h: Sunlit(E, 13:25)

j: One-Tree(W, 13:35)

1: Two-Tree(W, 13:16)

m: Shelter(W) n: Shelter(W, 13:30)

v+ Sunlit(W, 13:24)

Xt Sunlit(W)

Figure IU Radiant temperature image east and west hemisphere between 13:17 and 13:35 in the measuring points at 29th(July), 2018.

37°C 67.7°C
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Table 6. Radiant temperature between 13:16 and 13:35 in the measuring points at 29th(July), 2018

One-Tree Two-Tree Shelter Sunlit
Measurement
instruments East sphere West sphere East sphere West sphere Fast sphere West sphere East sphere West sphere
() () () () () () () ()
Thermal camera 394 398 383 369 417 418 412 418
40.1 40.5 38.5 379 413 420 416 4238
Pyrgeometer
40.3 38.2 416 423
Table 7. Radiant temperature of sidewalk space elements between 13:16 and 13:35 in the measuring point at 31th(July), 2018
One-Tree Two-Tree Shelter Sunlit
Element Mean£Std.Err, | Minimum/ | Mean£Std Err. Minimum Mean£Std Err, | Minimum/ | MeantStd.Err, | Minimum/
() maximum( C) () aximum(C) (C) maximum(C) () maximum( C)
Pavement 48.2+4.03 35.4/95.3 45,0+393 35.4/56.6 444367 38.3/53.3 58.4+1.68 49.0/64.3
Road 50.2£1.71 46.7/52.7 45.50.90 434/483 51.7£1.68 39.3/538 52.812.44 45.3/576
BLDG | North 43446.34 36.4/67.7 41.7+1.71 38.5/494 40.5£2.90 34.1/487 414+323 33.7/58.0
facade | South 39.31.02 35.3/42.2 36.9+0.67 35.2/39.0 37.2+1.08 35.3/40.0 38.5+1.39 35.1/46.7
Glass(window) 37.9+048 36.7/39.5 40.0+0.32 38.8/40.5 36.7+0.52 34.9/317 37.0+0.76 35.4/38.1
Tree 39.0+0.88 35.0/42.8 371070 34.5/39.5 37.8+0.79 34.6/41.5 37.3+0.58 36.3/39.1
Hedge 3894077 35.8/41.8 39.6+1.09 35.8/41.5 - - - -
Shelter canopy - - - - 49.7+2.41 39.4/54.4 - -
Awning 54,6794 39.9/67.7 - - 4561192 39.9/48.7 - -
Street facility - - - - 44.0£2.23 32.8/50.2 - -
Car 46.4+1.68 44.0/504 - - - - 4514259 40.8/50.5
Sky 2124544 9.1/313 175659 76/30.5 24.9+389 12.2/315 1634512 84/30.9
Total average 40.4+9.03 9.1/67.7 3824883 7.6/56.6 41.6+6.45 11.6/54.4 42.3+1390 1147592
Air temperature 375 36.8 374 371
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Table 8. Shape factor and radiant temperature of sidewalk space elements in the measuring point at 31th(July), 2018
One-row Two-row Shelter Sunlit
Element Shape |Stress load| Stress Shape  |Stress load| Stress Shape |Stress load| Stress Shape  |Stress load| Stress
factor | temp(C) | load(%) factor | temp(C) | load(%) factor | temp(C) | load(%) factor | temp(C) | load(%)
Pavement 0.25 112 544 041 8.0 81.0 0.29 74 349 0.26 214 594

Road - - - - - - 0.04 147 9.6 0.15 158 252
BLDG facade |  0.30 6.4 374 0.12 4.7 141 0.29 35 167 0.33 44 154

Tree 0.12 2.0 4.7 0.29 0.1 05 0.1 0.3 13 - - -

Hedge 0.09 2.0 35 0.07 26 45 - - - - - -
Shelter canopy - - - - - - 0.12 127 248 - - -

Awning - - - - - 0.05 86 70 - - -
Street facility - - - - - 0.05 7.0 5.7 - - -

Sky 0.19 —158 - 0.1 —195 - 0.04 -121 - 0.19 —199 -
T HAEY A ot WitES Table 89 vepith 1e] o] F+ ol FHH L E A vt A FHHCEA o
I 7t ZAFA FEAlTY GAEY A RelREE T AL FEEel AHCR Aa, AW oo TR R fe]
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g A= v 2 2018).
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