Sk Fsl8|R| 52(2): 21~38, 2024. 4. pISSN 1225-1755 elSSN 2288-9566
J. KILA Vol. 52, No. 2, pp. 21~38, April, 2024 https://doi.org/10.9715/KILA.2024.52.2.021

CAZEA TN U B2 O MY SOE oSt 8 JtE=3] 24Ut At

A Study on Efficient Sidewalk Green Space Development for Improving Urban Thermal Environments and
Enhancing Pedestrian Comfort"
- Focused on the Derivation of Parameters for Design, and Proposing Methods for Green Space Creation -
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ABSTRACT

This study aims to establish an efficient street green area to improve the urban thermal environment and
enhance pedestrian thermal comfort. Specifically, This study identified parameters applicable to green space
planning and design, analyzed thermal environment mitigation mechanisms for each parameter, and, based on
these findings, proposed methods for tree species selection and planting in green space planning and design. To
achieve this, 61 papers were selected through a four—stage process from both domestic and foreign sources.
The selected papers were analyzed, and the following main results were derived: In open street canyons with
high stress levels due to low aspect ratios and high sky view factors(SVF), broadleaf trees with wide crown
widths, low trunk heights, high leaf area index(LAI), and high crown heights were found effective in reducing
heat, thereby increasing the amount and quality of shade. In contrast, in deep and narrow street canyons with
relatively low heat stress due to high aspect ratios and low SVF, broad-leaved trees with narrow crown

e wme 34 BEzA widths, high trunks, low crown heights, and low LAI were effective in reducing heat by enhancing ventilation.
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This study can serve as fundamental data for establishing standards for street green spaces to improve the

oY

WM O BB A ZOHE o thermal environment of street canyons and enhance thermal comfort of pedestrians. Additionally, it can be
5t 58 7}2=A| ZAHo 09| valuable when selecting the location and prioritizing street green spaces. Moreover, it is anticipated to be a
Ao - 7iR=R| Sl L A foundational resource for creating guidelines for green space planning and design in response to climate change.
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A 2718 o7 oitwlrd(Alexander and Arblaster, 2009; Jiang et al., 2019), G443k} @%‘Q% E4 717
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(Antoszewski et al., 2022) % e A9 OE‘L-E eS| EAjo] Ued s 94“]5}91(7&
2023; FEE 5, 2019), YRFHOR A= Ad, 7hR9| ou|HTk= Alo] XA EAo] 23E W 8ol2
SH|e} T2 7oleHy Z]E F@d 4 Slck Fulof weh Hele AR@Re] 124 PHs TAY 25,
g, 3718 5 n7134 B0l ke niRith 27] ARzl tigh ks A@Ee] 9] 2 B2 W]
meh et gebgel| diRh BrlellARE A= SleHAil-tourdert and Mayer, 2006). ©1¢
o] Wk, HEE(SVE: sky view factor) § A=I@TE] 37 EAC] wiet defle 48 9
ik ofsliel e AES W 2% A fRF el tiRh ks W) o= AR B0 At
Rk 2] Qg HA o= Hsdxisiglom, At At 7P Aabo|y B8l Ao Agrksdt
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FZ oFoA1 G aRQIEete] At B Bl AAE AmEY, Al w224 WS 2] QR
TRt dE0] HaE1 Qlrk B9 4 9 AlEeolds T|HtoR E’\P}ﬂoﬂ EJFE =] T wj7ea=e] EA]
4 BE HEoh vl SaARl A8 WS Altohs At Eiloith dgkd S g AR W
of tigt A= R, 1L G A5 T 45 B4 TR upiRsset ies v, ThES 1, A9
Z 5 A B TR nipiRgee] Gk siAel| St EH@ 7t tiekrg AR ey tiERe] At
oi7fSe] e A B ATl 2ol HEolA s AR uiiEsE ded JhA Bae] gt dlole=
we FRo s AFElou off e E4u dAlste] Al ke AeHe dte mie- EET

A2@RC] 7[oletd EA we Fgd 34 9 g8t uiAYRe] tigt dte = Afole] wERE S

ARSI glom, e e SRt % 54 9 =ARA W] digh At TR iR vzl ool &

r =]
N
_t:l‘
o
ofll
Ey

rE o
_] _I
o[ﬂ

N

L

fun

e}

8 O 2AE AXfskL 915}. 'IPvW oMk 7= Helld A dede sl Bt dFfide 5
A2 & ke TP 23] Al iRt et Basts, ofg Higes o AARE =4 ARl 9l AT ©f
Fold & Qs EA] e 7H i e vpEess SRR mEell ofF e WS ks A0

2 e 7S W g9 A 3 2 Gald SE SRt A AR J Al 2871sst T

Zofal uiZfiaa 7o) ARRAlE dtsled aa ]l ThemA] /et vle] Hift 71xAleE feE 2
AL LA GEAL Tt 7leS W le=A]o] 917] W 94%0] ARG 7t 7|27}
e A B B g ekt Ttesa] 24 71E v SR a8

2 @7 B 1 87 7 3 SRl vl 249 ey SIS 96 vl A L 04

@ LS Easkn, a0 o] 9 A g Aol ofF B sl sie
YRS A 10} ok G7e 9 THE $02 AFKIO, 1T Lhe 79 2 5L WGV
ol A1 HISYS 200020 023W/NRle ESHIC) ST 1A SiE 8] A4S chest 22 gl
T3 5ol ofFolzick A ) DAL mAGH Bl A19ime} VA B 7)9lsg Asslel B4 9
B W F S B =R FESKI. the BARE A% 2 2% RS 5o} 24 A28 o
& a8 A 2 Al 240 i AR sl A WA BAAE Sejele visd /1%
A2 FHOoE AT £2S HEEb] SI) £ WA SN AR R F e 2 oldr] 7|5 Age 34
08 ¢ @75 AEskirk thigoR £A 98 AW BAY S £ES gl ALET FYHW

22 | ek s8] A 523 25(83 222%)



ol
nﬁ
rol;
o,
&
of,
oO]l
filo
a
N
g rr ©
=)
I
&
T
rid
c
r
MO O
11}{ed
N
julad
i
e
-
e
o
¢
HE
filo
B
iy
i
R
o
_C|7L
8
N

T 22 FAPE BIRSR uivliEa o e 9 2 Amo] dulE, o S 22 =] Aol Hof

A WS} o B} glo} o} AEslel wippaseld AN RA uESE AEsir) 2ol

=2 A B Al AR oR JRFs viRks Pl =S Sfel s Hele] uhe d9hd ik &
A

At PAl] gt miAUES melshal off 7ite R 2] A 9 Ao 2875 ufiaE SPdolsict
@ A7), ol B e G498 @4 B g8} BelA olFolrle s 7t de A i
UE 24& B9 =4 A 2 AR g T i e =A] A 9 A 8d4e SE7VsRE e
= TRoie, HiEo] 7} vl it Geg T ieke PR SR ANEI TlE=AR et AXNE

3. 9+ Zu

3.1 A A Y S 9B OpHe =5
AR 6L70] e R 23, B9, 1B ol ATk Fo| mARA B4 Bl st ke
577, T AR, AAE9TE 53 2 A A 54 TR opig, J903 43, 498, ek 52
Te 43 24 U 4% 54 Pl gt SR, E 52 e
45} IS viedslel S A 0 ] G e ubiEael A AR @ A 4w BE7RE
SR Esstel stk Table 1 2. 570 A8 @ ] R F b AEs o 9
7 7wl GRS nAe tpEsole, B e et ARle] wel S W oh2 710 91
9 Ay 9] 5L ART 4 Gl RaGol A A2 9 A a4E ST iR Ao

— T
AT ) Qe S S B SRS e sl A W B el 48 9 4%

Review of Selected Papers(61)

Parameters affecting the formation and strength of +

. Parameters affecting thermal comfort
thermal environment

¥
Derivation of parameters to improve thermal environment in street canyons
(primary selection)

¥

reviewing the papers focused on Measurement and Simulation studies
: Identifying the characteristics of a parameter

Excluding out-of-control parameters
l Excluding parameters less related to green space composition
Ex) Wind direction, solar elevation, etc
Deriving parameters for green space planning and design
(second selection)

$

Parameters for green space planning and design

Parameters affecting Parameters applicable
green space planning and design for green space planning and design

Tree species Planting method
characteristic characteristics

.
Identification of Thermal Environment Improvement Mechanisms
by Parameters for Green Area Planning and Design
¥

A study on the design method of green areas
according to the space characteristics of street canyons

Urban Space Characteristics |

Figure 1. Research process
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Table 1. Parameters for green space planning and design

Parameters affecting green space planning and design Parameters applicable for green space planning and design
Urban spatial characteristics Planting method characteristics Tree and spedies characteristic
As tio(H:W ratio), Ti ing, Multi- structural planting, .
Bk regnd, Vul-ron i, Fntng e aes, vl oo e e,
9 ) 9 ’ P ‘g, 9 type g ’ Tree height, Trunk height,
Street width(W), greening, rooftop greening), ! )
— . . . Crown diameter, Crown height, Crown form
Street direction, Sky view factor(SVF), Tree coverage ratio(TCR), Green coverage ratio(GCR), Plart (tree, shrubs, flowers)
Width of the road, Width of the sidewalk, Thickness of green strips, .types ’ oo
. . . Leaf size, Leaf color, Leaf thickness,
Presence or absence of a planting-type central divider Number of green strips, Leaf <ha
Use of surrounding land Planting density, Location of trees P
Ex
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Table 2. Importance of each parameter

Division Parameters Number of papers Ratio(%)
Aspect ratio(buildings height(H), street width(W)) 32 83.8
Parameters Street direction 23 63.8
related to urban spatial characteristics Sky view factor(SVF) 15 41.6
(reviewing a total of 36 papers) Width of the road 2 55
Width of the sidewalk 4 1.1
Tree spacing " 21.2
Multi-layer structural planting 5 9.6
Parameters Multi-row planting 8 154

related to planting method characteristics

o Tree coverage ratio(TCR) 19 34.6

(reviewing a total of 52 papers) - :
Thickness of green strips 3 5.8
Number of green strips 2 38
Leaf area index(LAI) 22 42.3
Crown diameter 33 63.5
Tree height 28 53.8
. Trunk height 15 288
aramete.rs o Plant types (wood, shrubs, flowers) 1 21.2

related to tree and species characteristics
o Crown form 7 135
(reviewing a total of 52 papers)

Crown height 9 17.3
Leaf size 1 20
Leaf color 3 5.8
Leaf thickness 2 38
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S5, 2R QI Tl AR e g1 Bl 525 20K Aol AabdoltCoutts et al,, 2016; Lai
et al, 2019 ui—or 5, 2022; Lachapelle et al., 2023). & A7lAE HY 20 7P B2 9T FE= A
A DH7H Al S| AR AR ES FHOE W 31 B4 99 @4 uiAus, =A
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3.2.1 He[d= S2H|(Aspect ratio: H/W)

FRHE AYFTY] A= HEI(W)oll it 7= =l(H)9] Hlgelw, A@=Ro] 7lsteke AAsk= A Hige]
2 Vg B3 ool Morakingo e ol, 2017). @RS FOR ¢ B @75 wPAe) o
T} Z8u] Alolo] Wkt ARHHAE sl 2o (Johansson, 2006; Andreou, 2013; Abreu-Harbich et al,
2013; Norton et al., 2015; Chatzidimitriou and Yannas, 2017; Kong et al., 2017; Antoszewski et al., 2022),
T 59 WE, T 2 35 @EF §5 U B4 o 5Ol dke miIAH AES Ul e 3%
F1 Ze ARERE HEs e o‘éﬂ# 50 FRFo= HIGEAR] tiRt E S AAAIA DAEHA S
*EE e W v ZS’JHW 2 H OEH AP =2 EHOt &R Qe o =2 7 _EE
UEdcE 2, ARjdse] debds 2ok 7HE 8% 8ae dF ‘H o TuREALY] ofolw, ol M &t
Aoz Folz W2 Ag=% "H 5 AEE B9l BEARES WS AotMorakinyo et al,, 2018; Lai
et al.,, 2019; Park et al,, 2019; Balany et al., 2020; Antoszewski et al., 2022; Lachapelle et al., 2023).
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F2). A@=e] FPule G o] 22T 4 Qe BEARR] ool gk miAlH, gl o AEE s
o] o] &= F50] n7|% 4] HlE & Qe FFES woHIth wEbA RS € 0EH A g%
(FHPE e Aol AR Hixlske Zlo] anbalelet. Coutts et al.(2016)> BUEHFS &3 71=Y
O] IR GtollA EAelL e AYFRLrT G WIS Sfofl 7IEAE A 2ol Aol
st SVE ) 0590 AdE=Es 7iEs A 49 A9eR Asier it AL Jamei and
Rigpalan Q012 e 442 GO 2 S A I AL % 4 1 @0 5
5 Z9M) 05 olzte] L AolgRolN B FAEA} PATE AAEA 45 Aol BRAL 1A
o} Bhe] =2 459 11'11] =%l o= F1 A2 AYEHEDHE =2 AYFED Y AF 45 A= QI’t
25X §:80] HojR(Shashua—Bar et al., 2010; Park et al, 2012; Coutts et al., 2016; Morakinyo and
Lam, 2016; Lai et al, 2019; Masoudi et al., 2019; Lachapelle et al., 2023; Morakinyo et al., 2020), YoF7}
T HoR QIR g Fho T Have A ARERY @RS oA 4+ Slitk(Norton et al,
2015; Jamei et al., 2016; Morakinyo et al., 2018) w2t FEM|7} =2 7R dTe] 72eE AN B #
& 9 sl Wolrt H7] o= ol =2les S e wole Zo] Fash, HEel ot =
PO Arol| whet R0 L, pEHE, Ve ZP—:“ LAT 5o ofgt 223t o] g~%t)
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Table 3. Thermal environment characteristics and planting principles according to aspect ratio

Division Deep and narrow street canyon Wide and open street canyon
40m 40m
Image o .
|
— U
20m 80m
H/W=2 H/W=05
Thermal characteristics High thermal comfort due to shade formation High heat stress due to a lot of solar radiation
- Greenery is more important not to obstruct ventilation than|- Creation of green space requires reducing solar radiation by
Green space to create shade. increasing the amount of shade.
Design principles - Green space must be created in a way that increases the |- Green space must be created in a way that increases the amount
amount of green space. of green space.
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ARk A U= f=hs SiEA] o Ak, ZEARR] F3kE vRoEN AR@S W giE 2
Aol= Sa3t /AR 2F89tHTaleghani et al., 2014; Lobaccaro and Acero, 2015; Taleghani et al., 2015;
Achour—Younsi and Kharrat, 2016; 4&% 5, 2022; Antoszewski et al., 2022; Lachapelle et al., 2023). ol
Bt Ll QAEA ot HIGEAL AEAR | JRkS vA GFfEAe] AHFoR Hofgitt @5
PO Agle A= HgIEY] o Qlel| K A2 7|7t B9 AARIAY] kS o, Hige] 29 HlE
Fot Ado] PAGle] ¥get EAE AdrHAndreou, 2013; Taleghani et al, 2014; Taleghani et al, 2015;
Achour—Younsi and Kharrat, 2016; Antoszewski et al., 2022). o|&|et EA-L Y5 Higko] 7|g|7} 5-A] "ok
o] AzjErt gIEA] SHol falokes THED HHHol| 541 WRke] ARG o] olEH Sl LET
of 7W 70 2R Z5AIRES AlEtHAli-Toudert and Mayer, 20065 Andreou, 2013; Taleghani et al.,
2015; Achour—Younsi and Kharrat, 2016; Antoszewski et al., 2022). 1 A7} opHE HE 2L ARsS 73]
S di2F @A 1ARE 2% 3-5A7K] 2 50 GAEHAS AT HAntoszewski et al., 2022). thzh
HIgke] AzQl BA-EE ekt Ba-wA Wk ATESS GAEA Aot BiYEAL ASARE ZHolA
-5 R} 5-A HRF AR@Re] AR e, GAEA SHol A HRETE Y, E-5 R
Hrp= o A e Holci Achour—Younsi and Kharrat, 2016; 4@-$ 5, 2022; Antoszewski et al., 2022).

e -5 R A A Pt vold gebEE Fdoke miAYUES ke Eeikict. EHt
e -5 k] AEgE of] o] kEEo] o] AR AF HEE FHOE ME 28 A5 YRR,
98 Al T5 HaE FHOR =2 /| XA(Ta) 2 BrEARE(Tr)E AR 98¢ 220220+ &
gH] 048 71E0= g Az Wk g HItE et Zuh @-5 W] A 55 Kot K =2 1§
WNeE 715F0H, BHEARRE B3 161008 7SR 7P =2 3k Vehth gl 54 W AdS
2 Zv] Wl & F3ks 7] o= E4E yehfitKAndreou, 2013; Andreou, 2014). o= AEE =2
o] 7| webd F-A Hge] B5 9 \E B WARE B9t A9 thREES] FH] 9 AzIelA
2 AEHAS vERATKNorton et al,, 2015; Taleghani et al., 2015). thzbd WF 72le] 3¢ &5 1k
ARET vEPRAR FEPt =248 G Siell felshH, Aol wE dgEe] Wdpt Atk FH]
7b B BEA-EE TR E5E Hat A B2 BE Bl W JFY w2 BAEARLE UEReH
(FE 5, 2022; Antoszewski et al., 2022; Lachapelle et al,, 2023), ‘GA&E Hol Fed Hil= 71 A2
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Table 4. Thermal environment characteristics and green space creation principles according to street direction

Street direction E-W N-S NE-SW NW-SE
Northside
sidewalk Northwest Northeast
Eastside | sjdewalk sidewalk
sidewalk
Image g
Westside
. Southeast | Southwest
Southside | S 0ol sidewalk | sidewalk
sidewalk
. . North side South side West side East side Northwest Southeast Southwest Northeast
Sidewalk location . . . . . . . .
sidewalk sidewalk sidewalk sidewalk sidewalk sidewalk sidewalk sidewalk
Heat stress High High Low side High High side Low Low High
Solar radiation Morning~ Late  Mornin
. Al day Al day Before afternoon| After afternoon J Late afternoon |Before afternoon 9
duration early afternoon ~After afternoon
Expansion of Expansion of | Expansion of
Green space dsign| Expansion of | Expansion of pa . Expansion of | Expansion of pa . pa . Expansion of
. ventilation and ventilation and | ventilation and
principles shade shade shade shade shade
green volume green volume | green volume
Priority area
©) O X @) A X X O
for green space

Legend: ——————1 Building

1 Road s Sidewalk

©: High priority area, O: Priority area, A Lower priority area, X: Lowest a priority area
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QIckLachapele t ol 2029). wlebd o] @o] AT HIRAS] o] B HES FHOR AE 4
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% SItKTable 5 =), AHE 53

gl gk ol B B4

I:IH"

v
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Ao &&HoltHAndreou, 2013; Krayenhoff et al, 2014; Norton et al, 2015; Zheng et al, 2018;
Antoszewsk et al, 2022). B2 AEZ Qg J5 FAo] Hol FAE# oA HlwA] Wkt AHiE fAok=
-5 HieF £31] 0.8 o]Ak9] A]%(Andreou, 2013; Norton et al., 2015; Antoszewski et al., 2022), 5—A] W3k

3.2.3 HZE(SVF : Sky View Factor)

HAEES Foltl B4 AR & & %= 5k S AR A
2HOke and Cleugh, 1987). mbA HEE2 AZES W EH°t rE0 AeE
s AE 9k, dE Fy), F9d], A2 o, 18 ol A8 U U A 2 2] 59 84 Qe 2

A=tH Antoszewski et al., 2022). oJn] ZA% =
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ol W3R 24T 2
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Morakinyo et al., 2020). WFA Coutts et al.(2016)2 F8H], HWFE, 7124 AR 77} b 3329] 7129
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ot AEhET o B2 AuEAE WE FAll aEo] ojt Sl avte oifh Wzl glo} A4 £
sirtal Wl vhEo] e w2 988s 5 EHOE%/\} oA gol Efsh= T 52 3y 2o

A 71ROl EAGE T S W2 ATER I 2R 3 A
SR} Hho= AmEAl 9 317]E uhol Balsl) XPQOPEKMorakmyO et al.

2 9l8) o AL uRAS PEgoRA ok EAGH o Selsitt

Table 5. Priority areas for green space creation according to aspect ratio and street direction

Aspect ratio
Street direction
High priority area Moderate priority area Lower priority area Not a priority area
E-W Less than 1.0 Less than 1.0-2.0 Less than 2.0-3.2 3.2 or higher
N-S Less than 0.4 Less than 0.4-0.8 Less than 0.8-2.4 2.4 or higher
NW-SE Less than 0.4-1.0 1.5 or less 1.5 or higher -
NE-SW Less than 0.4-1.0 1.5 or less 1.5 or higher -

data: Rewritten with reference to Norton et al.(2015)
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33 552 WIS 9Bt OPIASD) S 43 S U A WY EY

g WS SRE AR WRF U =212 91719 4ee]

= IJ= A 53 g8
o ¥7t 55 Fol BY odA] wehbS 2k 37 ofF 9 dwdle] e
ga4 7S FErHLin and Lin, 2010; Krayenhoff et al., 2014; Morakinyo et
al,, 2017; Lai et al., 2019; Antoszewski et al., 2020; Morakinyo et al., 2020; Rahman et al., 2020b). & =4
w5 AE 53 5] A2 £5 AR Qg Wb G3k0] 80% oVdE Al (Zardo et al., 2017; Park
et al, 2019; Shashua—bar and Hoffman, 2000), BloF =& Ajdtsle] 7A%E AW Bzl Adss= o
SREANE TAAFICRN AHH 2%, 7|2, HHEARREE TAAA dHRES STRIRILL F A 52 5
AbRgo= let Wzt gIlE Bl dREE AT B delde 5 A E A i ARl Qo] %
4 2 A T B o] dad miAUSS EA4ste] ARERe] @ At a&AQ wiAy
W4 28RS AASIITHTable 6, Table 7 ).
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£ 9ol 7P a8t 92 HHEARLEE Eole Aolw, oF ol 7FE 2 i
Agste AeltiCoutts et al., 2016; Jamei and Rajagopalan, 2017; Wu and Chen, 2017; Lai et al., 2019;
Antoszewski et al., 2020; Lin et al., 2021a; Lachapelle et al,, 2023). 552 5o A== I52 HEo] WS
TE, §Y0| 2&5E ¢ 2 43 /i BIE Ushdth wEbA a8Fo] Y 3l =1 Astart Wom,
FHEPE 22 TR 8 FHIE 7K 50l FeE 7ol frefsttiMorakinyo et al., 2017: Morakinyo et
al., 2018; Helletsgruber et al., 2020; Morakinyo et al., 2020; Rahman et al., 2020a; Liu et al., 2021; ¥733]
5, 2022; AAS 5, 2022). ¥Eo| {e £52 ¢ W WA I8 AT 4 glon, Akt B2 o5
2 9 g w89 JHAE ¢ o A o Fsh EgkE 4 glo] 599 WA skofl JFe mXItkKong
et al,, 2017; Morakinyo et al, 2017; Rahman et al,, 2020a). 9] Fef= FH20] WESE, 3=V} &
255 Y1 FL 52 AL 4 glo] 98 /M ERe

Tl ot TE A2 Bl A el 7FY Fa3 940, 10-1449] 7K FER BikE U
WrkRahman et al, 2020b). E3F 3ol 2%t T8 AF9 &&& =o)7] eiie 7K v Alttell J=9 |
A HUstet 4 ks AAfsl= Zlo] F251tHRahman et al,, 2020b; Lachapelle et al., 2023). whA 728
F9| TPt YE5E HEEC] =24E HIGEAL oUR flo] Bong ozt AFIe] s £
& HixJshs Zo] Bt} et FMPt =2 FA A2 AETY A miAYES it sl
TYHP7L =1 HFE0] I AYFRY] A A= AT SES Iso] AlFHERE o5 525 FXE 7
At Sdiet 218 Siel] 23S wEojoF dtkNorton et al., 2015; Liu et al, 2021; Lachapelle et al,
2023). wEbA olefdt AZ@Re] Be S| F1, il W, Asht w2 450] de Ziel fefst
tHKong et al., 2017; Morakinyo et al., 2017; Morakinyo et al., 2018; Antoszewski et al,, 2020; Rahman et
al., 2020a; Huang et al,, 20215 Liu et al,, 2021; 9@% 5, 2022). Yo} S&2et Jso] F= AETe]
A% gt S1E Yol wEETEE WEo x5t Hu=sts 5o wAES B TS s Aol At
AolthNorton et al., 2015; Chen et al., 2021; Antoszewski et al., 2022).

3.3.1.2 EHA Z|4~(LAI: Leaf Area Index)

Z]zHo]| digh JHAC] HE(Kong et al, 2017)& Ut 218 G4 ARLADE 599 &, =2
9 20 P10 GRS vk 4B DR R 5 R 0w el ed Ak 4pEs
Ael] SR DS e o, 2020), FVUEE LR 7% ARl FR 24 WRelp|(Wu «
al., 2016, Morakinyo et al., 2017; Morakinyo et al., 2018; Morakinyo et al., 2020), 712 49| 2F 60%9]
7191t Morakinyo et al., 2018).
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(Krayenhoff et al., 2014; Morakinyo and Lam, 2016; Kong et al, 2017; Rahman et al., 2020a). Lai et
al.(2019)& Bt LA} 6.19) Mesua ferrea L. & WA 92.55%7H] &9 &4 Q= WA, Bt LA} 1591
Hura crepitans Lz AP oikgo] 79701 AV HaAgct. 3t gHd 47t w2 $5U5E =Aj7o| B
22 ouleh, wEhA] SRRl Wot A% /M G} =tHKong et al., 2017; Rahman et al., 2020a). Lin
et a.(2021b)% T2 9ehd o A 9 Jud 250 s EARE dellA gRd A5E WERellA w20
2 A 49, w8 e meh BaEALr 30-55C, B PET 1.7-3207) ot AS Bugi,
HHY 297t =2 5 TP 2 AEE] w2 o ARERe] 2L 59 Adtoms d8d
WS FEH(Morakinyo et al,, 2017; Morakinyo et al., 2018; Antoszewski et al., 2020). £3] %42 Hajzt
9] FafAds A 7P 4 940l o 1040l 2% 24] Aol 7B Rl @At EvkE U
ERATHRahman et al., 2020a). T2 SH7E =10 HEE0] W 2 APl dud 47t =2 45
N5 Wofolo] AP Ul FeaE s 4 lom, o B2 At Aol ZHRe] U Aea] offe]
ozt WZkS Hhsfiet & QltkJamei et al, 2016; Morakinyo et al, 2017 Lee et al., 2020). @b Morakinyo
T A AGFR] A At Ei gHA Aart W URE Aliglen, €l 9FH A

[e]
R
2ERe B9 48] Wn G A4t e £ Atk

3.3.1.3 7[EHEM, A=Y, Io| -rJ}" 2| {7 3)

T Aol Age &L W Wk k) 7 AR dRlo] glom, R0 4 Qofw o
Rt 5] xA EXTt ”XH H}‘%‘O] Ay dslof] JekS mjAE Ao dslAriShashua-Bar et al., 2012;
Ballinas and Barradas, 2016; Morakinyo and Lam, 2016; Tan et al,, 2017). 52 J& 93 SHES Fol
aeby ekslol] Bofdtct. AA, T S S B BE 48] W, Akt ¥2as, 94 A
F7t w5 s agAoln, 1 Qo= glio] B2 AdeE, o ] Eﬂ% TETLTE 599 T aeF
o]cHKong et al., 2017, Rahman et al,, 2020b). T3t JA4E 9 HfsYe =2 Wnol Jejx EXJo= Q3|
=99 e SHAN BEHY 4= o HRahman et al., 2020b) $3E0] Ath= SHolA SgeET §840]
HolIeH7 ke 5, 2015; Norton et al,, 2015). 4] ST B¢ GHA A47t 845, $020] 2
PRV 2205, =uE 9 4 84 5ol 245 =AFe] Skl AYES W a9 ¢l ﬂg@lol‘:}.
tiEo] go] glal @=4 o] w0, glo] Gl Tedt lRokS 7R 4Eo] FATEo] Hol W apt ¢
4=6ltHRahman et al., 2020b).
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;_I(

3.3.2 A Y 2 O
3.3.2.1 7129| 7H4
7keAe] HAL AR T WA A 9FE viHoEA AES W @9l dofit iz

Table 6. Application plan for parameters related to tree species characteristics according to spatial characteristics

Division Wide and open street canyon Deep and narrow street canyon
Aspect ratio Low High
SVF High Low
Green space design principles Reduce solar radiation by increasing the amount of shade Expansion of ventilation and green volume
Crown width is wide, Crown width is narrow,
Tree height is high Tree height are high,
Application of parameters related to .g 9 g g
. o Trunk height are low, Trunk height are high,
morphological characteristics of trees . . . .
Tree with high crown height, Trees with low crown height,
Planting of trees as a focus Planting of shrubs and plants as a focus
LAI Tree species with high LAl Tree species with low LAl
Parameters that increase transpiration
Parameter that deepens the shade : Without hairs on leaves,
Application of other parameters : Darker the leaf color, Higher chlorophyll content,
Thicker the leaf Thinner leaves,
Simple leaf shape
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(e 9Iet B8 Tt2=A ZAMOL BT
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O] 7HAo] FoH o B2 T5 S B9 HSEA] Agos Qo AGEE W Fe el =2s &
4 tHTakebayashi et al, 2014; Wang and Akbari, 2016; Park et al, 2019; W& 5, 2022; 443 5,
2023; 9L 5, 2022; Lachapelle et al., 2023). Wb $:3k2o] o %0 Zo Mﬂ_i ﬁZHoF: Zol 4
73 Azt o Z&Ao|ck

Je 7keal] ke 345 2 WSS AANA B GafRdel] FAAQ ARE XA 4 YrkLin et
al., 2008; Morakinyo et al., 2018; Karttunen et al., 2020). Lin et al.(2008)2 I&50] S8t 37l URE 5
A6 401 151 ] o) AP D A L ol SIS STl 4
so] el ek chpsbl 25, FYHt 5L FD e AUERS A9 AR Ao o] ST T
o] A=l 7] wizel 7t=e] Ex At A9 ghe & ofet £Ee] He Tteas a7 WE B4
sto] A2] W 215 AAAFC RN GRS ORI 4= qlrk wepd FupE B2 W 0F AdRe

A9E 40E0] Yo F2AE B 170R Aol Tk WAL Wl o] dav fsle] elel, Fgupt
O ET 2L AET) AL 400 FL R4S HE WA0R Ao] WAL Hole Zo| AET

Al G
Y oé‘i%‘ Hde] o &xFAoltkNorton et al., 2015; Park et al,, 2019; Lee et al., 2020; Morakinyo et al.,
2020; 4R 5, 2022; Lachapelle et al,, 2023).

71240 AL AR @Re] Fuiet viEe] auEae] AL uhe- Fasih Park et al.(2019)2 S0
B & UF = LR Alolof] F7te] A9 Gl 7HAS] kR0 AR UR7F dAttel] anbdolths 22 sl
k. Zheng et al.(2018) W Afole] A=t oykEat 25 wff WZbESAo] 7P il Barska glom, Ti2
& 7HAo] fpE R HA A7t v, SEET 7R £50] Azt ago] "otk Wl wet
A 7FRA0) AL % 9 SR $50 2URS Aesle] AAeleR o, 7leao] 1AL SuEat A
o & Zo| @Al avtHo|tiZheng et al., 2018: Park et al,, 2019; ¥A3] 5, 2022).

3322 O1E MY

o0l Ak s WA =205 gRke FoEM AP U E8 el g2 Erh oE ARiet 7k

50| 744 AL A@R Ul SBuEES B9 50l ot $AaTE F7HARIT Roman et al.(2020b)}2 4
29| Fienl= I5s Algote] AHel digh SREAR] ks oF 60-90% Y 4 il Bagich tlEo] o
g Al S B APFHARER oft SARS QIR YY) & F7HAIA 98 el RS Frh Lin
et al.(2021a)2 T2 ARt BoldeE dFAgo] =i 28 W3len, Morakingo and Lam(2016)2 Hd
T E2 URE A 2ol S URE 7t *]XHO]‘— et W7t vt o Ao 2 01'0} et 93] ¢
(023)= 782 8m 7kE49] o AE A 754 HeZ 10modE 29 AAPE Heis 13mollde 3¢
AA7E ALES U 2% Azl o anpolehs 2 Wasilon, ol AR Al wE 7F o] dAgte] EA
& olop |t

E’rc’é‘ A7 C’W ZA=@=59] 7loted E4ol wet thEA| A8k Zlo] fejHelth. AdRo] St B

29 AGFRY] A= o APt A EES 59 AES W @Al aabHolAgt AgRe] FeH]

7} =& 73T 2ol 7] &gl Wt 2 4 lenE AYgeks Ao] Frh E1F ol ARk 7k} TEe] of
b Gl FAARN IS Rl A0 veith AR 520192 S5 A W] mE Wzt 2|
iRt A7 5 ohd AR A okt W aph =2 A Y F sl el 9o, Lin et al.(2021b)2
o AAPE 17-184] W2k 8t 7P w2 vt 282G 0 ARle S5 Bl ARicks 2kt
WARAAskE Zo] o aaplolcHBRA 5, 2019: 93] 5, 2022).

=]

33.2.3 AMEeRzR

ARZTATEE ABT W 259 At Rt opel 52l e T 58 wigo, O5E
AT DuREAL AEC] =1 wAgo] FHiElo] Aol anpdolthA3lE 5, 20155 Zolch et al,, 2016;
Balany et al.,, 2020; Rohman et al., 2020b; Lin et al., 2021b; 9A3] 5, 2022). w5 ¥ ofw=L 53] HA
T} FAY] W3t AJstare] WskE Fofl ' WA 9 ko] AHAQ] s T, BE Y B s F L E
A|mEe] R vlA EA Gl Z1ofgith wEA wE 9 ofwEs 53 A e WA WA 44
4 Qs ks Aol aafdelw, sen] Fx D sttt wE Y ofrEg 28 Afslo] HuREA
7b w4 e B2 0K WElE ol Ao Al &&Fo|thPauleit, 2003; Norton et al.
2015; Rahman et al,, 2020b). ¥ 9 Z38l= tsx ARE Bl =A% SHAE o s AAfstks Aol
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Table 7. Application plan for parameters related to planting method according to spatial characteristics

Division Wide and open street canyon Deep and narrow street canyon
Aspect ratio Low High
SVF High Low
deiirger?nprsi:icpeles Reduce solar radiation by increasing the amount of shade Expansion of ventilation and green volume
Tree spacing Narrower than crown diameter Wider than crown diameter
Multi-row planting Multi-row planting 1 row planting

Trees and small trees are kept to a minimum.
Increasing the amount of green space,
Focusing on shrubs and ground cover

Planting with a multi-layered structure,

Multi-layer structural plantin
4 parting Induding trees + small trees + shrubs + ground cover

Thickness and number of green The thicker green strips, The thicker green strips,
strips The more rows of plantings, The more rows of plantings,

Al freloh, ditdos Jﬂ}iﬂ}t BEo] Aafzte]l axbAoltkLin et al, 2021b). 22t BE] B A
Skt Qe FEAQ EAom Q) Fhof ARt Fo] oRtlel & A o= BAe THIBR(ERA 5, 2019)
ZF AAYS A4S S 4 s DR WA AR 2] EakEelek, Zolch et al (0192 Fele] B9}
#o| 52 Adshal S Haslelet mie € 4 W "l 355 24 Al s wAs At
F Sk wE IS Agel] =218 24T 2 itk

AR A AiERe] J1stera Fao] uet kA Agake Zo] miAolch BefEAl o] §4)
o] B FYuP} Y BFB| %2 02 2R AS LB + ofLB + P2 EE LB + of2 + Au]

2 385} =12 AP QA7 o %ﬂo]—EHZL]L 5, 2015; Lin et al,, 2021b; 973] 5, 2022). ¥z
FYHP} w1 dEEe] ¥ AREFe A9 AR ISt I59] WHo] HESE vE Y 0}_’5541‘ =g
2|9 $je] AT o GEl5HNorton et al., 2015; Chen et al., 2021; Antoszewski et al., 2022).

3324 WA S Y AEH 4

w=21e] £ 9 AES] 2= AR@S W OE9 W, w2, EXEE e T vidaoln, w=A]
o] TVt TALSE AEF —?7]- Vs Al fako|tiKong et al,, 2017, Rohman et al.,, 2020;
Lin et al, 2021a; ¥473] 5, 2022). Lin et al.(2021a)2 H= W FFHAA ZE 9ot k= "6k AAEH
&, GE4 240 Jeell tigh AFellA AMAER 47t SRS dIfago] =4 Usisitia Bugilon, ¢
3] 9)(2022)= Gl Bl A Wel| it AFollM w=Ale] FAVE FAESE dAEC] =4 Y
E}‘ég et e wsa] A9 B¢ BReR 9 2 B2 71E02m: TR X - AR TR 13

6% 3= Aefolo] AT FAE Aol Aol F8skt 7ieSy 24 - I wind@iEA, 2022904 olF
51343}0“ TeZ tE w=x] 24 7Es ARG S, BEE 3-4m vt Al w=2] 1.0m o, HieE
3-4m oV Al T2 1.2m oV, BEF 5m ofd Al m=A] 1Lom oVds RAoles duskl Qlrh E3t EY

Ho7p & Al AAR URdeE 22 Ftos iRt g%k ekt & AR vehHKong et al,
2017) w=A19] e W HAo= Ak o] Al fefsht. Uobt txsals dgAA 2 dE 4
Ao} e Aegtogy 1 S ASAZ 4 UTHAAS] 5, 2022; Han et al,, 2022).

4, IHAE E85t =2 AiE D HA Yt
A1 B WM Y Bt S ZONE ofst JlEiA 24 22

s8] e i) ol Aele] W, S, Al a6 5 e R O Az de i
o] ZAEh meh TR Algne] 204 S50 net YESE F ) S8 ol e GA
Lol SIS AL AR o] Basiel, AlzAlel 24 2 AE e A 2 A

SRR AE5(A| A 52 28(E3 2228) |31
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Mechani f
[ thermal envifgn;nel:\rtni;provement ] = Inereased evapotranspivation
( \ Leaf Area [ Higher ] L [ High J
Index(LAI) (Forming a darkershade ower igher
Crown diameter [ (Formlng‘gh\flzer shade) J Narrower [ Wider }
PraerI:tn:;f;s Tree height [ (Formlng;‘laI v"/lwzrer shade) ] Lower [ Higher }
tree species Lower
Charactenistics Trunk height [ (Forming a darker shade) ] Higher [ J
Crown height [ Formlnggldgfl:ershade ] Lower [ Higher }
\ A B L v )
( \ Street trees [ Narrower than crown dlameter} Wider than crown di [ than crown di }
spacing (Forming a wider shade)
strux:r:il-:ziirting [ Forl\'drzlr:g':ut::rliae{zﬁie) } Less Multi-layered [ More Multi-layered }
Parameters
r;:::;?n;o Multi-row planting [ (’\;I(E’r:l:\zgs\/:fcjzrlas:ta"d‘g) ] 1 rows of planting [ More rows of planting }
method Thickness of More thicker
green strips [ (Forming a wider shade) ] [ More thicker }
Numb f M f pl .

\ )| et [ dng gy | Mo rowsorpiing |
Figure 2. Parameter application plan for each mechanism to improve the thermal environment of
green areas
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N

. Lower Higher
Aspect ratio (Open & Wide ) (Deep & Narrow)
Parameters A R A
e Street direction Closer E-W direction Closer N-S direction
Spatial Sky view factor(SVF) Higher Lower
h: teristi
¢ zr ?‘s;::t ‘s EW H/W 2.0 less than(H/W 1.0 less than) H/W 2.0 or higher
Street direction
canyons + Aspect ratio N-S H/W 0.8 less than (H/W 0.4 less than) H/W 0.8 or higher
NE-SW / NW-SE H/W 1.5 less than (H/W 1.0 less than) H/W 1.5 or higher
. High Stress Low Stress
hy |
thermal environment (High sun exposure) (lots of shadow from buildings)
Green space creation principles Increased shade and green volume Ir.nproved WD drd
increased green volume
AV4 AV 4
Leaf area index(LAl) Higher Lower
Parameters Crown diameter Wider Narrower
related to tree : .
species Trunk height Lower Higher
Parameters characteristics Crown height Higher Lower
applicable for Plant types Focusing on tree focusing on shrubs and ground cover
green space N
planning and Tree spacing Narrower Wider
design Parameters  nyyti-layer structural planting more multi-layered Less multi-layered
related to 8
planting Multi-row planting more rows of plantings 1 row planting
method Thickness of green strips More thicker More thicker
Number of green strips the more rows of plantings the more rows of plantings

Figure 3. Parameter application method according to the spatial characteristics of the street canyon

2RSSR A 523 25(EH 2223) 133



EAEEE T 2 Bt E Y SUHE ot 28 TREA| 2dYer 37

5. 22

2 AT TG i 9 Bt A SIS St AR 7tRsA]] 23R AAE Slol =214
3 9 Ao 28 & Q= uiRSE TEsIom, aiidart 48 34 2 st el Asoks aliA
UZEe mofsle] ‘aghy gAdoll Bofsle iy (AR ool ‘dghy dele §gt =224 o
oS (55 9 AR B aiEaE BRslo] AXstch Eet uiriRisER dd st oiAUS S v
S o SEERES ARSIt

TARRA B4 AREE W ookt Eee dAfolo] 52 AE 9 A Bl J3e T uliEseEA
729 ol Azl YH|, T3], ALY HFE Sol ZEET TIHPE B AEEe] =2 oY AT
2 HioF dulEAlgo] wol AAEH AT} B Uehts EAS UERIEE 52 O g4 9 SX=F S
23& Go] Ak Ao| HiFZGHY. §HR FHPE 11, 1E mot woH HFEC] W2 AREEe
AER ISt J5 o= Qe HlwA PRl @3] RARRR EE wolil HARRE Bl WdeR
=28 2AJele Ao| Fbd Jide] aabaolnt, Eot A Wk F2H] 2.0 ugh I-5 HF $3H] 0.8 WL,
thzbd v F5H] 15 nRke] AEae] Fo= giokeuze 44 e 9 AEARE SN =R 947
doz AAsto] TEjol= Ao] B fide| ag4elrt,

EA B S B SA2A W] B4R b 5240

o £} v BEE0] Be oEH AER 49 159 gt B Fob S 4uB] Wy, St

seom], Astt v, GUA A4 B, 490 o] B YR A Zle] el Faeld, o
o

Z A

7h Ao}, gie] FRu7E 1 FEE0] W2 A1 F2 RER9] e RES W 1Es wol] fish &
W=o| FaL, Ak o, A8t 41, aeRgolt W, Gud 247t W2 S9E AAske 2ol E98
Wiell axolt. thzo] 7l HA0] Bers, wHEHrks ¥ 3 28} 917 A Il avkd
o o A 9 7= Al AYshe Aol ot 12 Ald 2 A 837 HeidE 28§ A
A =A% wete] niddo] Wasi, weby $4 AFolde nrlE REYE 2851 o= TteeEe] A
B7Fst AR 71E 2 A & EESHE AFE D AlRleH, olet @ olg Al thdAlel 285t
miZAae] 28] digt & A= Wy ALlolch.

2 e 7S W g9 A B 2R Gad SE SRt TiesAl 24 VIE nie o)t 1xAs
2 8T 4 o, The=A 24 A tzsAe] 9] A 2 e A Al TizAles 48 4 Sl
B3} leee] 25 73, HA, A 9 3R], 29 Be) 5 RAREIE Q1R Tlel=Rl)l 2 A TzAtae 2
7hsstet. Holh 7158} thes 91et =AAR ol BAE S1RE Tol==kl 2 A Z1xAtER 282 & Jle
Aoz 7]tehet,

References
L #g31, olsd, SHAEQ019) tAY QA AS Hgt ZA] 712 AR AUE|E B4 - H8AE O
g7} 28(1): 23-34.

Fos. o

2. Ak, A@H2023). =2 A2l @Rl et ofrlf e vHEA] o] i 2 2 &
A 43-60.

3. Wz, 98], A, S8R, AF20022) HARY AuE]ed] e kA 9 i B A, Exd
3F517] 50(6): 1-14.

. ARIR2022) 7hEa 24 - T o, AR B,

. GAE], WX, HER, AT, AR, @AfK2023) ZhES AR AluE] el whE Tl 9 mAHA] A &

e

7 24, kel RstelA] 26(2): 68-81.
6. A3, wEd, A, LA, Tz, F2(2022) Higde f8E 24 a3 9 3 B 24 3
T

&
o
r2
-
&
2

T

7. YR, AR p=(2022) ENVI-Met AlEelolidS B9t =& Wed Zles AR JHll b 9454 &
374 /W &3 24, Journal of the Korean Institute of Landscape Architecture 50(2): 1-22.
8. A3l 5, TAAQ015) AL TA 7las 9 sla=x]o] 71 Azt gale} 71 dF G SR Aes]

34 | =2 FsRA] A 523 25(8d 2223)



2] 43(4): 37-49.
9. MYz, oVFE £-8% AHEQ2019) AZFF Wl Tt ARzl ofRt BAp|A] Hel F=RigAE et
SR 2019(2): 61-61.

10. Abreu-Harbich, L. V., L. C. Labaki and A. Matzarakis(2013) Thermal bioclimate in idealized urban
street canyons in Campinas, Brazil. Theoretical and Applied Climatology: 1-8.

11. Achour—Younsi, S. and F. Kharrat(2016) Outdoor thermal comfort: Impact of the geometry of an urban
street canyon in a Mediterranean subtropical climate—Case study Tunis, Tunisia. Procedia—Social and
Behavioral Sciences 216: 689-700.

12. Akbari, H. and R. Levinson(2008) Evolution of cool-roof standards in the US. Advances in Building
Energy Research 2: 1-32.

13. Alexander, L. V. and J. M. Arblaster(2009) Assessing trends in observed and modelled climate extremes
over Australia in relation to future projections. International Journal of Climatology: A Journal of the
Royal Meteorological Society 29(3): 417-435.

14, Ali-Toudert, F. and H. Mayer(2006) Numerical study on the effects of aspect ratio and orientation of an
urban street canyon on outdoor thermal comfort in hot and dry climate. Building and Environment
41(2): 94-10.

15. Andreou, E.(2013) Thermal comfort in outdoor spaces and urban canyon microclimate, Renewable
Energy 55 182-188.

16. Andreou, E.(2014) The effect of urban layout, street geometry and orientation on shading conditions in
urban canyons in the Mediterranean, Renewable Energy 63: 587-596.

17. Antoszewski, P., D. Swierk and M. Krzyzaniak(2020) Statistical review of quality parameters of blue—green
infrastructure elements important in mitigating the effect of the urban heat island in the temperate
climate(C) zone. International Journal of Environmental Research and Public Health 17(19): 7093

18. Antoszewski, P., M. Krzyzaniak and D. Swierk(2022) The future of climate—resilient and climate—neutral
city in the temperate climate zone. International Journal of Environmental Research and Public Health
19(7): 4365.

19. Balany, F., A, W. Ng, N. Muttil, S. Muthukumaran and M. S. Wong(2020) Green infrastructure as an
urban heat island mitigation strategy—a review. Water 12(12): 3577.

20. Ballinas, M. and V. L. Barradas(2016) The urban tree as a tool to mitigate the urban heat island in
Mexico City: A simple phenomenological model. Journal of Environmental Quality 45(1): 157-166.

21. Chatzidimitriou, A. and S. Yannas(2017) Street canyon design and improvement potential for urban open
spaces: The influence of canyon aspect ratio and orentation on microclimate and outdoor
comfort. Sustainable Cities and Society 33: 85-101.

22. Chen, T, H. Yang, G. Chen, C. K. C. Lam, ]. Hang, X. Wang, Y. Liu and H. Ling(2021) Integrated
impacts of tree planting and aspect ratios on thermal environment in street canyons by scaled outdoor
experiments. Science of The Total Environment 764: 142920.

23. Coutts, A. M., E. C. White, N. J. Tapper, J. Beringer and S. ]. Livesley(2016) Temperature and human
thermal comfort effects of street trees across three contrasting street canyon environments. Theoretical and
Applied Climatology 124: 55-68.

24. Helletsgruber, C,, S. Gillner, A. Gulyas, R. R. Junker, E. Tanacs and A. Hof(2020) Identifying tree traits
for cooling urban heat islands—a cross—city empirical analysis. Forests 11(10): 1064,

25. Hami, A., B. Abdi, D. Zarehaghi and S. B. Maulan(2019) Assessing the thermal comfort effects of green
spaces: A systematic review of methods, parameters, and plants attributes. Sustainable Cities and Society
49: 101634

26. Han, D,, T. Zhang, Y. Qin, Y. Tan and J. Liu(2022) A comparative review on the mitigation strategies of
urban heat island (UHD): A pathway for sustainable urban development. Climate and Development: 1-25.

27. Huang, X, J. Song, C. Wang, T. F. M. Chui and P. W. Chan(2021) The synergistic effect of urban heat
and moisture islands in a compact high—rise city. Building and Environment 205: 108274

SRR ASS|A| M| 52 25(53 2225) |35



EAEEE i A 2Rt B Y SHE flet B2 TiR=A] 2dYet E

28. Jamei, E.,, P. Rajagopalan, M. Seyedmahmoudian and Y. Jamei(2016) Review on the impact of urban
geometry and pedestrian level greening on outdoor thermal comfort. Renewable and Sustainable Energy
Reviews 54: 1002-1017.

29. Jamei, E. and P. Rajagopalan(2017) Urban development and pedestrian thermal comfort in Melbourne.
Solar Energy 144: 681-698.

30. Jiang, S., X Lee, J. Wang and K. Wang(2019) Amplified urban heat islands during heat wave periods.
Journal of Geophysical Research: Atmospheres 124(14): 7797-7812.

31. Johansson, E.(2006) Influence of urban geometry on outdoor thermal comfort in a hot dry climate: A
study in Fez, Morocco. Building and Environment 41(10): 1326-1338.

32. Karttunen, S., M. Kurppa, M. Auvinen, A. Hellsten and L. Jarvi(2020) Large—eddy simulation of the
optimal street—tree layout for pedestrian—level aerosol particle concentrations—A case study from a
city—boulevard. Atmospheric Environment: X 6: 100073

33. Kong, L, K. K L Lau, C. Yuan, Y. Chen, Y. Xu, C. Ren and E. Ng(2017) Regulation of outdoor
thermal comfort by trees in Hong Kong. Sustainable Cities and Society 31: 12-25.

34. Krayenhoff, E. S., A. Christen, A. Martilli and T. R. Oke(2014) A multi-layer radiation model for urban
neighbourhoods with trees. Boundary—Layer Meteorology 151: 139-178,

35. Lachapelle, J. A., E. S. Krayenhoff, A. Middel, P. Coseo and J. Warland(2023) Maximizing the pedestrian
radiative cooling benefit per street tree. Landscape and Urban Planning 230: 104608

36. Lai, D, W. Liu, T. Gan, K. Liu and Q. Chen(2019) A review of mitigating strategies to improve the
thermal environment and thermal comfort in urban outdoor spaces. Science of the Total Environment
661: 337-353.

37. Lee, H,, H. Mayer and W. Kuttler(2020) Impact of the spacing between tree crowns on the mitigation of
daytime heat stress for pedestrians inside EW urban street canyons under Central Furopean conditions.
Urban Forestry & Urban Greening 48: 126558,

38. Lin, B, X. Li, Y. Zhu and Y. Qin(2008) Numerical simulation studies of the different vegetation patterns’
effects on outdoor pedestrian thermal comfort. Journal of Wind Engineering and Industrial Aerodynamics
96(10~-11): 1707-1718.

39. Lin, B. S. and Y. ]. Lin(2010) Cooling effect of shade trees with different characteristics in a subtropical
urban park. HortScience 45(1): 83-86.

40. Lin, B. S, Y. H Cho and C. L Hsieh(2021a) Study of the thermal environment of sidewalks within
varied urban road structures, Urban Forestry & Urban Greening 62: 127137.

41, Lin, P, D. Song and H. Qin(2021b) Impact of parking and greening design strategies on summertime
outdoor thermal condition in old mid-rise residential estates. Urban Forestry & Urban Greening 63:
127200.

42. Tiu, Z, W. Cheng, C. Y. Jim, T. E. Morakinyo, Y. Shi and E. Ng(2021) Heat mitigation benefits of
urban green and blue infrastructures: A systematic review of modeling techniques, validation and scenario
simulation in ENVI-met V4. Building and Environment 200: 107939.

43, Tobaccaro, G. and J. A. Acero(2015) Comparative analysis of green actions to improve outdoor thermal
comfort inside typical urban street canyons. Urban Climate 14: 251-267.

44, Masoudi, M, P. Y. Tan and S. C. Liew(2019) Multi—city comparison of the relationships between spatial
pattern and cooling effect of urban green spaces in four major Asian cities. Fcological Indicators 98:
200-213.

45, Mayer, H., J. Holst, P. Dostal, F. Imbery and D. Schindler(2008) Human thermal comfort in summer
within an urban street canyon in Central Europe. Meteorologische Zeitschrift 17(3): 241-250.

46. Morakinyo, T. E. and Y. F. Lam(2016) Simulation study on the impact of tree—configuration, planting
pattern and wind condition on street—canyon's micro—climate and thermal comfort. Building and
Environment 103: 262-275.

47. Morakinyo, T. E, L Kong, K. K L Lay, C Yuan and E. Ng(2017) A study on the impact of

36 | eh=22 A8 A 523 25 (83 2223)



L3
N
ot
11°]

2
lon

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

4.

65.

shadow—cast and tree species on in—canyon and neighborhoods thermal comfort. Building and
Environment 115: 1-17.

. Morakinyo, T. E., K. K. L. Lauy, C. Ren and E. Ng(2018) Performance of Hong Kong's common trees

species for outdoor temperature regulation, thermal comfort and energy saving. Building and
Environment 137: 157-170.

Morakinyo, T. E., W. Ouyang, K. K. L. Lau, C. Ren and E. Ng(2020) Right tree, right place (urban
canyon): Tree species selection approach for optimum urban heat mitigation—development and evaluation.
Science of the Total Environment 719: 137461,

Norton, B. A, A. M. Coutts, S. ]. Livesley, R. J. Harris, A. M. Hunter and N. S. Williams(2015)
Planning for cooler cities: A framework to prioritise green infrastructure to mitigate high temperatures in
urban landscapes. Landscape and Urban Planning 134: 127-138.

Oke, T. R and H. A Cleugh(1987) Urban heat storage derived as energy balance residuals.
Boundary—Layer Meteorology 39: 233-245.

Park, C. Y, D. K Lee, E. S. Krayenhoff, H K. Heo, ]. H. Hyun, K. Oh and T. Y. Park(2019)
Variations in pedestrian mean radiant temperature based on the spacing and size of street trees.
Sustainable Cities and Society 48: 101521.

Park, M., A. Hagishima, ]. Tanimoto and K. I Narita(2012) Effect of urban vegetation on outdoor
thermal environment: Field measurement at a scale model site. Building and Environment 56: 38-46,
Pauleit, S.(2003) Urban street tree plantings: Identifying the key requirements. In Proceedings of the
Institution of Civil Engineers—Municipal Engineer (Vol. 156, No. 1, pp. 43-50). Thomas Telford Ltd.
Rahman, M. A, C. Hartmann, A. Moser—Reischl, M. F. von Strachwitz, H. Paeth, H. Pretzsch, S. Pauleit
and T. Rotzer(2020a) Tree cooling effects and human thermal comfort under contrasting species and sites.
Agricultural and Forest Meteorology 287: 107947.

Rahman, M. A., L. M. Stratopoulos, A. Moser—Reischl, T. Zolch, K. H. Haberle, T. Rotzer, H. Pretzsch
and S. Pauleit(2020b) Traits of trees for cooling urban heat islands: A meta—analysis. Building and
Environment 170: 106606.

Shashua—Bar, L. and M. E. Hoffman(2000) Vegetation as a climatic component in the design of an
urban street: An empirical model for predicting the cooling effect of urban green areas with trees. Energy
and Buildings 31(3): 221-235.

Shashua-Bar, L., O. Potchter, A. Bitan, D. Boltansky and Y. Yaakov(2010) Microclimate modelling of
street tree species effects within the varied urban morphology in the Mediterranean city of Tel Aviv,
Israel. International Journal of Climatology. A Journal of the Royal Meteorological Society 30(1): 44-57.
Shashua—Bar, L., I. X. Tsiros and M. Hoffman(2012) Passive cooling design options to ameliorate thermal
comfort in urban streets of a Mediterranean climate (Athens) under hot summer conditions. Building and
Environment 57: 110-119.

Takebayashi, H., Y. Kimura and S. Kyogoku(2014) Study on the appropriate selection of urban heat
island measure technologies to urban block properties. Sustainable Cities and Society 13: 217-222.
Taleghani, M., L. Kleerekoper, M. Tenpierik and A. Van Den Dobbelsteen(2015) Outdoor thermal
comfort within five different urban forms in the Netherlands. Building and Environment 83: 65-78.

Tan, Z, K. K L Lau and E. Ng(2017) Planning strategies for roadside tree planting and outdoor
comfort enhancement in subtropical high—density urban areas. Building and Environment 120: 93-109.
Wang, Y. and H. Akbari(2016) The effects of street tree planting on urban heat island mitigation in
Montreal. Sustainable Cities and Society 27: 122-128.

Wu, Z. and L. Chen(2017) Optimizing the spatial arrangement of trees in residential neighborhoods for
better cooling effects: Integrating modeling with in—situ measurements. Landscape and Urban Planning
167: 463-472.

Wu, Z., F. Kong, Y. Wang, R. Sun and L. Chen(2016) The impact of greenspace on thermal comfort in

a residential quarter of Beijing, China. International Journal of Environmental Research and Public Health

SRS A 52H 25(EH 2225) |37



EAEEE i A 2 B A

0x
oln

LHE ffet &84 71==A] 2dYer a7

13(12): 1217.

06. Zardo, L., D. Geneletti, M. Perez-Soba and M. Van Eupen(2017) Estimating the cooling capacity of
green infrastructures to support urban planning, Ecosystem Services 26: 225-235.

67. Zheng, B, K. Bernard BEDRA, ]. Zheng and G. Wang(2018) Combination of tree configuration with
street configuration for thermal comfort optimization under extreme summer conditions in the urban
center of Shantou City, China. Sustainability 10(11): 4192.

68. Zolch, T. J. Maderspacher, C. Wamsler and S. Pauleit(2016) Using green infrastructure for urban
climate—proofing: An evaluation of heat mitigation measures at the micro—scale. Urban Forestry & Urban
Greening 20: 305-316.

69. Zolch, T, M. A. Rahman, E. Pfleiderer, G. Wagner and S. Pauleit(2019) Designing public squares with
green infrastructure to optimize human thermal comfort. Building and Environment 149: 640-654.

38 | =2 FS2|A| A 523 25(8d 2223)



