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Analysis of the Influence of Street Trees on Human
Thermal Sensation in Summer
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ABSTRACT

In order to analyze the effect of street trees on human thermal sensation(thermal comfort) in summer, microclimatic
data were measured and analyzed at sunny and shaded locations of two deciduous broadleaf and three broadleaf evergreen
species of street trees. As a result, the mean differences by species in air temperature, relative humidity and wind speed
were small: 0.2~1.5C, 0.9~5.3% and 0.1~0.5 ms "', respectively, but the mean difference in the mean radiant temperature
was great, 27.1°C. In the results of physiological equivalent temperature(PET) and universal thermal climate index(UTCI),
which are human thermal sensation(thermal comfort) indexes, the shaded locations by the trees showed mean reduction
rates of 21.2~31.3% in the PET compared with the sunny location, which are equivalent to 1.5~2.5 levels of thermal perception.
Also, 12.7~20.0% in the UTCI was reduced by the trees’ shadows, which is equivalent to 1~1.5 levels of heat stress.
In addition, although the broadleaf evergreen trees had 5% greater mean reduction in PET than that of the deciduous broadleaf
trees, the Zelkova serrata that belonged to the deciduous broadleaf trees showed the equivalent thermal reduction effect
as the broadleaf evergreen trees because of the high density of branches and leaves. Therefore, the mean radiant temperature
and the density of the crown(branches and leaves) were the main influences in thermal modification by these street trees
in summer.
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a: Prunus yedoensis b: Castanopsis sieboldii

c: Ze/kava serrata
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Figure 2. Fisheye lens photographs and pictures of five tree species. Fisheye lens photographs were taken using Nikon Coolpix 8800 camera
with Nikon FC-E9 Fisheye converter lens and Nikon UR-E18 converter adapter, and sky view factor(SVF) of the photographs were

calculated with BMSky-view(Gal et a/, 2007)

sh2xZASIBIX| K| 453 55 (2017 102) 107



Journal of the Korean Institute of Landscape Architecture 183

k. P71% 348491 7123 AdtiEE = HMPIS5A (Campbell
Scientific Inc.; http://campbellsci.com), & 2 Z3F> Met
One 034B-L. Windset(Campbell Scientific Inc.)< ©]83}4
AA| 9] 7HEEoll AXHOZRE 12m EololA v 12 &
A2 SHHAHTable 1 #F2). 8% 2 AFHA A=
CNR4 Net-radiometer (Kipp & Zonen Inc.: http://kippzonen,
com) & o443t TUT EoloA H 5 TR SA AT
TE 2A8E5LS CR1000 datalogger(Campbell Scientific Inc.)ell
AFEA 34 AR MG F5 5 SA AR 2334 3
T FE FHY FAQ QEAT A AR 13kl AA|ste] A

A=31 tHFigure 3 %),

AZte g

T ARE o]&ate] 7 HEAAF PET
9} Universal Thermal Climate Index(UTCI) &
Version 2.2(http://www.urbanclimate.net/rayman: Figure 4)
ol-g-3te] Alakatlt. Q17F 3R 41 PETSF UTCI Al
< 98 28 98 A5e 712, dUEE 55 BdEA
T (mean radiant temperature, Tut) ©1t Tones SHE B
B AFEAIURAE o]§-38te] Park(2011) 9] WHOE 7%]
AET 71 AdEE T Twst A7 E8AF

PET, UTCIE= 30% Ha3& Microsoft Office Excel 2010
(https://www.office.com) = ©|-&3to] v W EA3Th

Rayman Pro.

rlo 2

O

W7\ FAE 54 A% 539 Shzseld 78S A
RO $BFU A7k B0 S8 B 15C
(3 310) 71 e, B 7245 S SEURIl B
07CR 23 B ek, JuuR 825 - wbE o
T 02~03C2 PAS 2A79] 7130l A9 gl A0

Table 1. Instruments for microclimatic data

Figure 3. Instruments setup for microclimatic data collection
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Date and time Current data:

Date (daymonth.year) |4.5.2017 Air temperature Ta (°C) 20.0
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i i 0.1
T Wind velocity v (mis)
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Location: Global radiation G (Winv)
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L«

‘ Remave Iocatl0ﬂ| Personal data Clothing and activity

Clathing (clo} 0.9
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,—_,
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Figure 4. RayMan Pro. Version 2.2(Matzarakis et a/, 2010)
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Figure 5. Microclimatic factors of five tree species

Table 2. Mean#standard deviation(maximum) values of shading effects of five tree species. These results were from the values of sunny
locations minus the values of shaded locations. Ta, RH and ¢ mean air temperature, relative humidity and wind speed, respectively
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C % C % C %
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U 2EAAb] olal 23] Exkg(AHe] BHE)o] BAF Table 3. Thg levels of physiollogical .equivalent temperature(PET) and
] ] A . ) universal thermal climate index(UTCI) (Jung et &/, 2016)
oAUA] Azt & JE 7130 & ZAolth(Figure 2c ).
A7 HgEAl Lo Ajole BE Jt2golA 9 H& p’i‘rhoirpilizln PET(C) | UTCI(C) | Grade of physiological stress
= 4 6}% Ae= ‘/]-EP;}'E]'(Flgure 5 #x) Very cold <4 <—40 Extreme cold stress
—27~-40 Very strong cold stress
2' o'—l‘j—'- %’%F?;’XH\— Cold i~ -13~-27 Strong cold stress
Cool 8~13 0~-13 Moderate cold stress
52 7hEFAAM I S84 PETSH UTCIE °l§ Slightly cool | 13~18 9~0 Slight cold stress
st i 5 s wXe] & AR 2k RMe 2 A, Neutral 18~23 | 9~% No thermal stress
7H2 49 $AE He(hot) ~m-%- B (very hot) &2 2 Ht Slightly warm |  23~29 Slight heat stress
W, A= S warm) O & o}l SR 7F Ao vls) Warm 29~35 26~32 Moderate heat stress
89~148C PET & ZA3E R =d(Figure 6: Table 2), ot ol 32~38 Strong heat stress
o] ztol= PETY YA ZHthermal perception) @A = 15~ 38~46 Very strong heat stress
25 @9 oS HoF= A2 |9 2 I A &= H Very hot >41 >46 Extreme heat stress
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Figure 6. PET and UTCI values and their reduction ratios between sunny and shaded locations of five tree species
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