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Highlights
— Theresearch considered the effect of planting patterns on thermal comfort.
— The research addressed population increase and its effect on the morphology of cities.

—  The results of comparison between the scenario without trees and the others demonstrate that the thermal comfort
conditions exhibit great changes, and all the scenarios create better environmental conditions than the scenario without
trees.

— The findings show that simply moving vegetation and trees without changing their nature and dimensions and the

environment can improve comfort to some extent.

Extended abstract

Introduction

The increasing population has changed the morphology of cities and caused changes in the surrounding environmental
conditions. Green space per capita is about 4.5 square meters in Iran, which is quite different from the global standard: 20
to 25 square meters per person (Haashemi et al., 2016). As a result, it seems necessary to increase the amount of greenery
in cities. Lee et al. (2016) introduce shading and ventilation as the main factors in the improvement of thermal comfort
conditions in the environment using trees. Vegetation reduces mean radiant temperature and improves environmental
conditions through evaporation and daylight control and reflection (Salata et al., 2017). It plays a major role in the
regulation of weather conditions by controlling and conducting wind flow and reducing wind speed and pressure (Perini
etal., 2018).

Theoretical Framework

Thermal comfort involves conditions of perception in which the surrounding environment is thermally satisfactory
(Ashrae, 1997). In their review of the studies conducted in the field of thermal comfort in outdoor spaces, Johnson et al.
have introduced the predicted survey average index as one of the most widely used indices among ones such as SET and
UTCI. (Johansson et al., 2013). This index has been widely used in different regions with different climates (El-Bardisy
et al., 2016; Salata et al., 2015; Abdi et al., 2020).

This model was designed by Fanger in 1970, considering factors such as air temperature, average radiant temperature,
and relative humidity and two personal variables including clothing resistance and activity level, used as a composite
index. This index specifies the coefficients that are measured according to Asher’s thermal scale and indicates the average
thermal sensation of a large group of people in a certain space (Fanger, 1970). Therefore, considering and measuring this
index causes other microclimatic factors to be taken into account and obtained through the following formulae:
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PMV=(0.303e-0.036m+0.028)[(M-W)-H-Ec-crec-Erec]

E=3.05x10-3(256tsk-3373-pa)+Esw

Ec=3.05%10-3[6.99%5733(M-W)-pa]+0.42(M-W-58.15)

Crec=0.0014M(34-Ta)

Erec=1.72x10-5M(5867-Pa).

The value of H can be measured directly and calculated using the following equation:

H=Kcl=tsk-tcl/Icl.

Moreover, previous research has pointed out the importance of planting patterns, trees, and vegetation and their impact on
the environmental and microclimatic conditions of the region. The question that arises now is what kind of tree planting
pattern, among the common ones, can have a better impact on the environment. In this study, therefore, the four common
planting patterns of sextuple, quadruple, row, and scattered were selected to be applied in the same conditions and with
the same number of trees.

Methodology

In this research, the ENVI-met software was used because the output provides most of the parameters required for
thermal comfort, such as Ta, Tmrt, and wind speed (Taleghani et al., 2015), and the results have been validated and used
by researchers (Taleghani et al., 2018). For data measurement, five receptors were selected at the central points of the
site. These receptors were located so as to be scattered in the site and be capable of expressing the general state thereof.
Therefore, three receptors at the central points of the site and two located around the site were selected. Moreover, because
the average human height between the positions of sitting and standing is 1.50 meters, the simulation measurement was
carried out at this height. The environmental data and information on the receptors were extracted during the study hours
(10 am to 9 pm), and the average value was calculated for the predicted survey average index.

Results and Discussion

The analysis of the data and figures extracted from the software demonstrates that a more uniform shade is created in the
environment in the scattered pattern than in the others, and because the trees are scattered in most parts of the site, solar
access is more limited there than in the other scenarios. Moreover, ventilation conditions are easier in the row pattern than
in the scattered pattern, and the warm wind passes through the trees more easily there due to the regular arrangement.
Therefore, the best planting pattern is the one that creates the more uniform shade and better ventilation conditions.
However, the results of the scattered pattern are the same in most parts of the site, and there is only a little difference
between them in some cases. As a result, the scattered and row patterns of tree planting are better than mass planting and
concentrated in certain parts of the site.

Conclusion

The results of comparing the treeless scenario to the others demonstrate that the thermal comfort conditions change to a
large extent, and all scenarios create better environmental conditions than the treeless state. Moreover, because the row
pattern exhibits a lower average PMV for most receptors and most hours of the day, it is the best pattern. The sextuple
pattern has high indices in most cases, and the quadruple pattern has a similar function to the sextuple one. Therefore, it
can be concluded that the row and scattered patterns create better comfort conditions than the others. The results of this
research can be used by architects, landscape designers, and urban designers. In this research, different patterns of trees
have been compared, so future research can involve comparison of other plantings such as grass and shrubs and of the
effects of different planting patterns.

Keywords
Thermal Comfort, Planting Pattern, Open Space, Envi-met, PMV Index.



J M S Samadpour Shahrak & Karimimoshaver

Citation: Samadpour Shahrak, M., Karimimoshaver, M. (2023). Evaluation of the effect of tree planting pattern
on thermal comfort around residential blocks, Motaleate Shahri, 12(47), 105-114. doi: 10.34785/J011.2023.002/
Jms.2023.114.

Copyrights:

Copyright for this article is retained by the author(s), with publication rights
granted to Motaleate Shahri. This is an open-access article distributed under the ®
terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/ by/4.0), which permits unrestricted use, distribution, and repro-

duction in any medium, provided the original work is properly cited.




VY Gewls / WWF=10 (FV) VY (s lalllan ole 445805
=

s ghs dlio
d.’ 10.34785/J011.2023.002 .

&5 mnd SLSGL Blybl 5yl il 3 iy il (5951 pl b3,

Ll el Lipas legs K231 ¢ g Lome 5 0 8SCESS ¢ (5 Lovna 05,5 — St ygekod Lunen
bl el s legs olR3l5 ¢ g Lome 0 80SL21S ¢ (5, Lane 0,5 v olins] = ygLikn canyS 313 p400

VFoo (68 Yoy nds )i Voo (LI rdlys g)ls

oS>

azei 50 9 Gl bl 4 4z 050 (b Jgol 51 (S o el oyiy slocdlad 5l s 305,50 5L glad
i35 LS g Lons ol 55, 5y (51aLin it S 4 e Al g 45 ol il i3
ol oy ;0 (LS iedign Oliae 698 S b (20133145 a0l 40 a3yl (aoes Lol 090 ) lodes 25
2l (o0 Olpre 4z b 280 <l ogline 801 09 g0 bae gt ol Lriel )0 Sl sy (0 S5 & 5502
Sguer ykate 4 L0 Hlodz cuslin (68Ul 8L B b pols iz b 3850 gL slad o ol 3l 5l ol
plosle sl 3530 (Gl bl Ll 53 (35 ladezr (595 i o ol 28 b3 (sLiad o 33l bl Ll
Ledys pg b gousSl 5 (o0 (2B (2Bl cgline cal (680l £90 ko koo (ol 0wl a23,S
Sl -l ooz ooliswl ¥, 5,0 Jow caangil jl3le 5 51 jekaie il ar Hliws Gl sl ad S 1B s 850 K00S0
sl gl bl Lo gl o a3 S oy o sleoslo b ol dslie 5l Ceongil Hli8la 5 slaosls o luel
8 e 290 G Gl 3550 (slangiS 18 craioten ] (2 0lsie 0 «(PMVY) 00k gt St ekl Lanagie
48y g e Jlo lasg; ryer Sl (R0 5rire 0 (oS sl gaizme il (e SLLIL sLad o Gkl 288
5 503y <ol (§o¥l g el H13850 dilaie oyl S 5o cutslS (5681 s oS el ol 1 S Gadios gols !
it ogona bl Sy 9550 G pinlin o5

Lo i e eyl e cCowgil b (slad ceanls g9l )l Lolul s suuds 15 lg

g T

s el el oS (88 i ys -

oy Sielsga il g comaz Gbdl -

L39S (g0 i (63by 0> B (il ralul Ll ooy liw ol g <350 g (Spliw dplite )0 a5 w5 o plii s -
S e oloul o (9 (9l b S |y (g1 (Jarme Lyl lag L

UI)L;.‘.;LMJ..\AI;G‘, Lz g ol g conle poss (o oLy 5 ol ey ol als (Solo 4 a5 aes o plas loadl, -

S ASY O (99>

mkmoshaver@basu.ac.ir :allis Jsiues odicgs )
1 Predicted Mean Vote



s3bin so0)S 5 Syecd ygu e

5 SSl5 . (Aboelata & Sodoudi, 2019) aes o 2alS y3slS d)o
2 Olieey 5 Oliwls )o s ledz 5 &85 (o 5o O
ol pleaz cusians o olis gy S 3blie Sl bl
Al b0 g el )15 Lo (oS g g3 o sl oye 5 £l
(Zhangetal., ol (5o 130 Sgpm R PRYES SUN - PONRVI
ety b 203 Sl s 2 0 (g a5 2018)
duslie ccalises Lo glgil ((Aboelata & Sodoudi, 2019) LS
(Abdiet‘s.ﬁ}yoiéuw Ogzeed iblie o Calisee csslS sl oSl
oed8lg, S0 5o 9 (5035 |0 «(Zhangetal . 2018) gSuns cal,2020)
ol sl 485 )8 dalllas 3,50 Sy il bl 5 dilaie
2 X5l08,55 duslie 02 L) LS Lol jo cgliste (sla gl olalllas
29359 50 ol S S92 g oS 093 oo ks It ol bx o
A5y g |y Lasee Lol Wlgs e e ax b oLl cusls oI
s g5 )loz Baiods ol po adS ypo Slilllas sl o
uLm.i: Ja.:‘).w)b oJ.S‘)..Jj 6)|3J ‘GJL’)LQD “SJLJUMM: ujLQ...o cunls
29 (55 gaizo SLbIL lalad | S50 ply plisys slaxsilg
S8 (s g0 Dbl Juad )3 )5 (sl lenslil 5 e

3 390 dillaio ( Syzo ¥
dilaie ;0 (50N ((( By “FF, Ve« Jlois YA A) 5005 0
sloosls bl sl (Bp lowlyydl Glaasl S50 5 ol Gl
9 4l 45 s Voo 5 sgelin S5 090> tanex WO Juoyo (55l
Jlo 3 ol ¥¥e N 3905 5 § Sl o ol S5,b puSilso . e
e Bl ez (slasKN S sy & 3285l
29 0Ll 39 iS5l (S35 diilate )3 gSane 3bLie
S Syp a3k sladcolu ol Lol s anaslo, 174 Jls
@l&uwbhgmg(eﬁﬂV°°5)|J.Q>Mm¢5~.\.>wwb)
el g b Jemily ghls goas abll e ¥V g e 0A glis)l 4
(5 (SN oS 0008 st s o Lo (Lo Lo ol o el ey
45 YL g 4o W il W 0l g b glo leasl aigs
® el ol sl lexslu g aib (le caudye oS ol o

-(Karimimoshaver et al., 2010, Karimimoshaver et al., 2020) Jig.is

Olee sl pleala SLb1,s 52850 (ol gm0 a2 5L
3lled s (2l At Voylods yogua . sl A8 S )50 ails g 4550
9 oledbl gpglaazr sl ecolu ;0 T oSl g (SgSne paszes

oo o plasly e slaosls

1 Irimo.ir

doddlo. )
Sslodage <5y oS5 iyl Ol domats 50 9 Camaz il
ol oo udBloys baslin 1o s s g 00ls s ) (g0
el 2929 45 5 Lazmo (slod (ol crge lugilu W) o
alaly oyl jo . (Oke, 1982) 055 oo oyess ;o 5yl 85 00y
Sal oas plol (Gt (Sl Sy Sl Sl linios
(Karimimoshaver et al., 2021, &l 05505  olwliis |) 350 Julse a5
Karimimoshaver et al., 2022, samadpour shahrak et al., 2022,
auay d0suS apauid Jelse 51.Khalvandi & Karimimoshaver,2023)
S bl 5 ki o b ol 3l sslizd oS 8y
i dgaaS gl Sliais zlgel olidl plo au g SL 4905 YU
o2l -(Gromke et al., 2015) siiws sy slalass jo oLS
@ apyerte F/0 3935 50 Gll )3 s (5L dilys 8 ol Jloyo
YO Yo sgas 10 a5 Sloz &l U jladie ol a5 sl a5 52 (15
.(Haashemietal.,2016) 5,ls (ol gl e sl a5 12 (5l moyo e
A 5y9r2 el e )3 (2L g Ol (Sl e 5o
ol Olsie oy aised g ilailanls Jole 90 (hISan § (J oy (0
Ol bawgs s 33 (Bl bl Lalps 3gus Jelge (s
Je3ud Goyb il olS sl g - (Leeetal.,2016)0uS oo Byre
99 (o o]y (b sles Lawgie 9 558 SBL 9 S g
-(Salataetal.,2017) &g oo rnzrs Jaslid Sgup o dms jo
5 Sy 1R 5 Culan 5 oL Gl JS b alS sl s
(Perini etasyls Slea g Ol Lasliss udais o glodes s ol jLad
S g o gilwil wla Judo 4 ol )o lee oyl 4o .al., 2018)
395 453 Gyt Sl ol ol S8 5 S0ty olatats
El-a5)ls olS (slo (g ol s s i Jaioms Lol (0]
Sl (Bardisy etal., 2016, Lee etal., 2016, Abdi et al., 2020)
ool Laysee 33 glize Syl iz g e (slind canls Cilisra
oly oo ol ye canlin ploaz L .Su et al., 2014)0sS oo
by i (sl Ll 5 ols (2alS | 5l (sliad jo Larme sloo
Slidss 4 a9 b . (Zhang et al. 2018)0g00 slol (ple (sl
9 SIS sl e ceetlS (ol o515 divea (2l ) AT 90
o3l e Ll s 53 135 505 olge alor 51 lisys g
S 5l sy 53 (6990w g LYl L (Abdi et al., 2020)acn
soaliw s danlito g )28 50 (liol slagg) ;o oo I als o
RUES RV YA CPYO YA POV IGESRA D RE1TZ N
(S0 ZDoyla |y s iy oS glaS caiy oo de

dw By Lo g axals ol 63‘)|J> u.';}:gL.uT ol yo by 3l g

WE=1-0 c(FV) Y VF-Y g olalllao | \°9



s3bin so0)S 5 Syecd ygu e

(W/m*)ayls )18 it el 50 a5 aBge gy pela 53 (5 5es
(CC)wld o (slos =Tel (W /m*) o0 sl § Sigus 5 =M
=H (W /m’) 550 Sl (59,5 =W «Cowgy bawgio sloo =Tsk
=Ta (W /m’) 2ol s Colad (ol pan &) g0 40 S &)l > lals

(Jal) g (5 e jLid gl <Pa dsa (gloo

Sanns gy ¥ Y

ooliial ! ame Lol (siloiont (s ol il
h g Smde Sl sl 4 oS ol () l38lp 53 5 095 0
Lo plosl Gl LIl slalas Lol 5 sye palils > s
lsl gl 5 eebl Ghls 5 9,5 00 )8 eolazul 5)90
Sl Jole polie (YL (Snon Jds @ (izes ol Sunie
(S bley bame o (gl 5l ol gl b Gl (5550510
Gilwars Sl ol whlael Koo 51l SLL g s, shls
ot 9 el YE Sley 5L 50 carBlo > Jalse 5l slacgozs
ool plas ccogh) gLod canityod g ol Oly Dgzeen sl
Gl o> el g Lol ey iz (BT e gy £l
o> m il bl s s e slasial 55T il
Taleghani) &S e yrelsly ... g0l e yus ¢ 20l slos Lawgie dga
olFeagn 5l gyl Lawg o] 51 Jol> oledbl et al., 2015
by ladllas ;o Jow ol sl a8 3 )13 oolazl g 0ol 9)g0
ol Gielsl izeas 5 (et Gile) 5 (Dl i diwlne 4y
355 B8>S ool o - (Taleghanietal., 2018) cowl eX5euwly 93 4
bl s Lyt (55t sl (5,0 Jaa) a1 o5
FBVojloss Joam jolaylidl ey 50 oz ools wledbl . o oslisul
35250 Ly bl glwaws (ol o e o go5 sl onalin
Sy oo o3liinl 1y 50 a5 Slizys I e g ol 5o
50 ol slass o bl (SaauSoly 9 Spopte &)d)
ol a5 ws sl (s9ou a9 ol cud, b ululs lagSdl -l
i Bl ol ol s sle zb Jo1as g annls (6,008 555

o b9y g0lge. ¥
PMV) 00y (o ) i a5 Jrwgio (25U . Y
0ol Lame ol 50 &5 ol Slal 1 (sl il ol
3 Ogmdl> L(Ashrae, 1997)a sl pswcols, Sl bld
25 b bl 892 50 0t plonil wlalllae gy ) ShlSen
b odd (g o (Frylai bagie (a3 la Gy lalad
SET', jolas ;503 slagazla plo oloe 5l pa>ls (2985
4 yazLs ol Johansson etal., 2013)ailes S 3yss ... g UTCI
ooliwl 9)90 wglise (slop Bl calises 3blio ;o 08,05 g0
(E1-Bardisy etal.,2016, Salata etal.,2015, Abdi et cuwl 418 51,3
.al.,2020)
) oS s L aVe Jlu o S alwy 4 51 ol
30 93 5 (e Zuogby 5 (LU Slod (:Silee (lgp slos vl
ol Gygo ) cold mha g ol Sglie Juls (pass
Gollae &5 05 0 (s ) (olre (A Lo (ol 355 o0 S5 3 <5
Sl el Sl 5 098 00 odizmins 553 (Bl ke b
Fanger,) el e slad G yo ol 5l S diws awgte
s s of i s s ol 58,505 ol 1970
gl g ewd 25 S Gl 319 905 oo Blowd o calily Seo
PMV = (0.303¢™%" 40.028) [(M-W)-H-E < _-E_]
E=3.05x107256t, -3373-p ) +E_
E =3.05 x107[5733-6.99x (M—W)—pa] +0.42M-W-58.15)
C_.=0.0014M (34-Ta)
E_=1.72x10°M(3867-P )
8525 Aslee oy ot 5,5l b Lot H i
] dnlen
H=K =t -t /1,

cl skoocl
Sroi ol JoLS=E [ (W/m?*) 3y 8pem 1yl Jols=C
ol =lel (W /m?) 3y (g puses )l Slali=E | (W /m?) 32
Oyl Jols =Ee «(W/m') yan ples sl Lawgie job as wld

Caongil 1381 05 50 00y 3ylg (SLaedls g leMbl :Voylosis Jgio

Ceongil 1331055 50 o 39 ole Dol
¥5,YAENYA,oF 2Ll Cardye
Valiasr Y, Tabriz, East Azerbaijan Province, Iran adlaio ol
Yo¥o oV, &b
x-Grids, y-Grids=0¢,z-Grids=Y'» Jew 83l
dx=¥,dy=¥dz=¥ o & Jolw p 83100l
celoNoas s bz )e Sibw dacis 9Loj
SRl d>)d VY oS VP i in lg sloo
sl oYY Sb ey
(B Srow) a2y Ao Sbew>
Sz by Sy o S0 Sl plisyo e99
s Vo gily eV 2pe 9 Jsbo By il
S Fo B0 olasi
31331859 o gy Comnd 58 00y 3ylg il b
)‘"ML“’ WO :8
SoleS V01055 s L
P)iljli\‘é ~ (o lakin
S el e
w/m* A%, Ve dles callas g ol
cloe,q: wlJ

oV | WE=10 C(FV) VY VF-Y (s slalllas

1 Standard Effective Temperature

2 Universal Thermal Climate Index



s3bin so0)S 5 Syecd ygu e

o,V Ll RMSE' jlado g0, AF b (g5l R? Lo Jole (gl ¢ 3udizs
VAL 2l RMSE Jladie 50, AY L plnR? e cogh) Jole sl s
SR Jlade a5 aoo o lias (L Slidis . (Yo)lats pgeas) ol
Abdi) cal g3 o5 £,AY 50, Y8 JIRMSE laie 5 o, 85 b o, 0¥
¢ Gz oyl yo ol s s slacel 4 a5 b ases yo . etal., 2020

<l yly 93 1 Ll 51 Ceongil Joe

38l (i jlel X ¥
el Sm 5l Eamegil 3 5 bzl i ol
9 L;.’z-.a 61_06)_50)‘..\_:‘ Sy uLa.».aJu u_l‘ el 00 r:l_?u‘
ab plxl oo (gHlwanss 5 Slawe slaosls dunlie cyizan
3 oo Cosby s allie ol 1o (Y010 () en 5 SLEIb) o]
RGP u5)"-‘4-r.~¢-*2" 9 6)?5")'"'\5‘ ‘S?LM)LE| ‘_gb_g ]}m sles
Q:a‘).b ol o0 uasuis \a)wﬁﬁd)o;ytga Lg)..f)l)s J.';m

=g Simulation === Measurement

4 4 4
- .1 .D

—«
<

(35l A 40)) g8 sl
-
e

>3
o

Yo e Y e Y Y e e Y0 e YT VY YA

g Simulation — e==fll== Measurement

i 1 i i i f i
IR TR A TR L TR E T P & SO L VSN

"o .
y=0.8402x + 8.2556
g K020
1
R N-Y-JN
4
Ov v T T 1
S vh 00r Tean T0ee Vaan
s gy o 3
Yo,
Ty = 0.9745% + 13083
3; v .. RZ=0.9471
3 v
o T
YV
Yo, : :
Yoo YV.e  Y&au Tl YT+ Yo
oadi 5 € 0 I

R? fyn g (ilwe oladlas 9153105 baamo 53 grwiiurgh) 9 Los (reNilso duunililo :Yolonds 19003

ansls aolidlass, s Yo el SIPMV sl polie IS b o
b (28l g, 0)bgs g oy (oo gl 0 o 5l wm ez el p3 9
$5150 s oo plis dlols slael avplin e . cowl 00,5
9 )Mo GuyeS oSl 9 () Slagyliw caslllas 350 el
Sl ag)ls ]y jlade oyt 2Bz 5 U A slags)liw
oo W oo lae SO wlelu o o as oyl ;oPMV as-Lis
SO el ;045 g9k s ol ot s Glelu ol 4 s
(2 o 2Bl Slagliw o (azli (ol jlade 5oL 5l o
Sam W eela )59 V¥ VY FAYAL ol s, g ousSTy
w0aSlog ()« 2Blez (2B s Slagyliw j0 el b
03y pb el ol ool 1,50 4 1,0 VAT YNV Ll cass
S gl loe SWa50 b sl Loz g 90 lels 5 00
ool Lasls BMus ies el jriu 59, wlelo plo
AL s ez Bgs el ) dagyliw b w3y g > o
S s slam oz el 0 85 (Gyeb el o iy
wilosls las gy lw Gl ;o 1) jlade (e oS 20y g 0auSTy
oale ALl as)ls BB ¥/18 sgus jo ey g > b
o el sl eiys g Sl rizmes 9 bagy)liw le PMV

ey (50 0r°Y 399> )3 9 )l de (oyeS el

1 Root-mean square error

Lasdl. f
S350 bl 53 gt g 5w (5o Laosls (655l sl
50 a5 Wa olsle b 4 g, ol Lo obesl cole
S o |y ol (IS cumsg ailen 5 aasl eausTy colu
25 939 RIR2Z,RA) ol (63550 bl 53 j520m) do (ol ol
Oeizad . (Yoyladd ygual) as il R3,R5) colw Sl s Koo
V00 0abiusl g atis cdle o Glasl 08 LSSl oS ol o o
g posls . cd )T bl glas)l ol jo (gHlwas jroiw (ol yio
(e AL o Vo) dadllan 350 el jo oy gty Jriee e
i il bogta 3L sl Lol (oSl 5 e
oled amd o LS ¥ oylets pugeai 3l ooel s 4 olael dlite
e Lulpt coys g0 2l 5l gy el olad o gyl
V¥ el ;0 PMV asls lade oo oS e ool (5,00
i 230 e a0 ol a8 g5k du - al 0oLl 3Ll
AT YN FA8 Ll oo o sy 5 00T o bl ¢ 5
o Yo el yo oaunol el (1Sl (yayieS . el YA Y/ A
PO P R TOE SRR RN ER o lade g oolisl 5Lt
ROWER ZYSR 7AW SR L T IR U SRSPONCE o

W10 ((FV) Y VF-Y 5 pp olalllas | oA



s9lie g02)5 9 Sipih s 9300

SESESESESESESASE

SESESESEE LIRS

SESESE5ESESESRSESESESE

SESESE5ESESESESE56 5658
Q 03

Yo T
Yo O
Lo 4
Y.ou ’ %
3 T
3 . 3
Yo Sy
Yoo i Lo
avera
10.00 | 11.00 | 12.00 | 13.00 | 14.00 | 15.00 | 16.00 | 17.00 | 18.00 | 19.00 | 20.00 | 21.00 ge

mmmm Quadruple | 1.39 | 1.84 | 223 | 291 | 2.8 | 2.85 | 3.12 | 291 | 2.68 | 1.99 | 1.82 | 1.64 | 2.35
mmmm Sextuple | 1.49 | 2.17 | 225 | 248 | 2.69 | 2.84 | 3.13 | 2.92 | 2.69 2 1.82 | 1.65 | 2.34
s Row 135 1.65 | 208 | 23 | 245|269 | 2.8 | 272 | 2.68 2 1.83 | 1.65 | 2.18
mmmm Scattered | 1.35 | 1.65 | 2.05 | 2.3 | 2.5 | 2.74 | 2.8 | 2.72 | 2.68 2 1.82 | 1.65 | 2.19
=e=Tree- Free | 2.95 | 3.17 | 3.42 | 392 | 448 | 485 | 496 | 441 | 3.15 | 2.02 | 1.85 | 1.66 | 3.40

o 4 UG‘?" Yo ucl.wﬂ 0N (%0 yghumwy @)OPMV ua:b.’o wi:lw :fo)l.mi‘:),gydi

‘°q | WE=1-0 c(FV) Y (VF-Y g olalllas



s9lie g02)5 9 Sipih s 9300

hee Ll cps ey Sl slaygiy (eled )0 S
...\;')b SrHe

dxlez el oy 3l sl ouds sl gl Folass g
L1525 (g b e (Wl 5PV s il s
LY N PRI ¥ USRI DS Y ES UG SO S e V-
ilosyglsgzg 4 bames JS 0y sy Lol

53 2Bl gt g 30 PMV (as s (S0l cDo)les pogeas
59080 o olasly (e A oo Yo sl 1) axlllas 350 el
) G0 oaiol el jladie (1neS ¥ g Y (glaygiin,
0uShy g o203y SogSl laysiw; il 1o g sl cmline L8
Vo V¥ laysiem 5o rizmed s |y ala jlade opeS
)y gms) ol 50 9 (2B i (9501,0PMV oL ey
lasSl oles Jb ol b sl salice L Loz 5550140

Y.V -~ Y.ou
You y.¢o ¥
YY. Y.
‘3, Y. rro 3
3 . rr '5
YV Y.Yo
V.0. ¥Y.
R1 R2 R3 R4 R5 average
s Quadruple 2.31 2.3 2.5 2.31 2.33 2.35
mmmm Sextuple 2.33 2.31 2.51 2.25 2.32 2.34
s Row 1.99 2.21 2.42 1.99 2.29 2.18
mm Scattered 2 2.23 2.43 1.99 2.29 2.19
== Tree-Free 3.37 34 3.32 3.43 3.47 3.40

OUh (yaro y ity g 5O ¢ A B s Yo sl SIPMYV (o L 0,55 Lo 2 80y Lokt y guas

180.00

160.00

140.00

120.00.

Y (m)

100,00

¥ (m)

000 2000 4000 6000 8000 10000 12000 14000 16000 180.00 200.0

Min: 2.78 ¥ Sextuple pattern
. Max:5.11

Min:2.77
Max: 5.09

™
g
H

000 2000 4000 60.00 8000 10000 12000 140.00 16000 180.00 200.00

Min: 2.76 ¥ Row pattern
Max: 5.08

Min: 3.25
Max: 5.35

000 2000 4000 6000 8000 10000 12000 140.00 160.00 180.00 2

X(m) Min: 2.76 X(m)

000 2000 4000 6000 8000 10000 12000 14000 16000 180.00 200.00

Scattered pattern

Quadruple pattern Max: 5.09

VLt

i

below 2.99

2.99 to 3.22
3.22t0 3.46
3.46 to 3.69
3.69 to 3.92
3.92 to 4.15
4.15t04.38
4.38 to 4.62
4.62t0 4.85
above 4.85

I |

ik e e e e owos s e wew seiwe aw 10/00:00:10.07:2070

*™ " Tree- Free

b jlox ¥ wu)é)Bé"c}?j‘ CM)"SL"" 150y lous yoguald

MWE=V0 C(FV) Y NVF-Y (g slallbas | \\o



s3bin so0)S 5 Syecd ygu e

ROVSIWS ol g 0 colw bl S blie jo gl 3 ey
ol 350 83l g (sogas Fokaw S pred 4 aS o il
o (o (iltl byt 5 ot j2e8 el ot
boo als )0 (gptian 73l oS cals (5631 by oo il
6Nl o e .(Zhang et al., 2018) sl Lol jo Lo
05 o g el oaiSTy (658l ol apgd Lol e,
sge 5 el pliie ledez g5 Judo 4 Ol Gl slpS ol
s bl & G (58 28l o i el S 0
@ b ol b oS ol |y e ased Ly 5 5 e lesSe s
29009 by cplo LU 35155 (a3) 9 00Ty (5ol 51 alol>
Az 53 - ol o0 o litea sl cyw 10 (Sl oglis o)lge Sy
9 lodgs cenls 5y sy 9 oS sk & s il 55

el ol )l ol sla o j5 55 ae

S5z 0

Olyie 4 50 slalad o (Lt s oSl g coenl hghy ool 50
ool 5 S48 (bl 5 o b s b ik e 9 Sl e
b slad yo e Gialul § 0lBlo> consg S50 0 o
Sl ol (pleilr jo baylons (oraten sl (B« (S5 Bblie
Sl (6500 slad jo ol o5l Jaol g canlin dolatnl . aps S
25 s o oLt azsly ol el _solill o0l il Lol s £
Slaly cunle )3 i s ©y0 9 (2LS by ol o
aidl a8 a0 sl ool Ll ilgs s (5099 b dagoo 5 Ll
ailaie ) g5y o Ll b alie 5 clS (slogS 3 e
cibate glan jo w0l Ll b ol deliio g sl axslas g2
iliseo glogSIl oo« Gl ol Jlne 50 sl 1S Clhe 4
Ailsi oo cilisen slagS a5 Tz .oyl 39s rslis oL iy
Gt ol sl asls ol Ode g glailale o @smﬁb
b Gl g alBlySiae Lol (il g oglize ceals 55831
Lulrs wslys oo wglaze slagsl a5 (ol (28 L 5L slad 5o
b e oy 31 cmmnlin (5801 Dl 5 antse Sgue |y Lanoma ool
> Sslate cnls o,z Hslane (l sl 310 L8 (qu 50
s Sl 33l 8 )0 gt axd,S Lo gSs dilaie ol
SR ol @ voud (milai (658l awgie asly Ll
weslsg e il o 3 o Gas L (it
L)l ol 5 50 900 gyl dslie o caps o sl ol
Megayliw golad g diS g0 i 5315 3995 b Gl wlasl Lol
Ozead - 2S e ol (6 (e Lulpd o (500 2l
59y lebo 2519 baygm 35150 (20 o8 & (ol 4 a5 b
33 W e 1S (65 b 0t (s ()i Lansgne
el 55118 55 0055 Ty 555 yaizeads - elngSl Lo b duslie
U STl () TIL (spelie s s, 559
wliesSlos s 2Bl sl o)ls (b asla dblge 25150
S &S Sy azs (ol 0 OIS (0 (el - 9)l0 (2B i 55501
sloelly syt Gelool Ll oSl ol ) s 00Ty 5 (o,
Ol ¢ Lass 3linl 3 50 wils5 oo 5aions ol sl .S o

) | WE=10 ((FV) Y VF-Y 5 pp olalllas

Cxs . F
bl el 58 b ALyl solite @ 5; Gt et 5
WS oy 0l (G (el Lagie (Lol >
(Al aseie Sl li3le 550 e le ol Sbyls dwle b Lo
)0 g bl b aslie )0 gl ooles o wyo b Ll
el e a5 e 5| el s ogas a0 5 el ol 0
B ol 95 el Slel 15 gy @ 5 ol yri wain 5y
29 s (5Lad il (glayngeal dnlio b o 5 J 09 (00 5108
R Al oo (LS Sl ietign g e (sLiad oS 3ol lis e
Gl ) s Jole 9 -ams 2als 5 Jsb yo | olsl (2le)S
(Leearius ased 5 syluilenlos iolol bl Sgugs 5 lanoe (sloo
e Sosby (malidl Cos Ly (8,55 9 s & Mayer, 2018)
59 aliss ool Perini et al., 2018)05- oo Lanmo slos ralS g
Sl Bl agls (Sis o Gl o 55 Jio ol o8]
9 &0 oo Laslin jo ou cwyp e le o e 4Ll
Job 5o rzed -l 03,5 bl (guganme gl bagy L 1ol
A 39y Sty el el &) Cond Ol silailales 5

el 53 gensre (S g0 sl Jases ;0 a5 (6,30 g ]
St |y diilaie pudBlo s Iyl s Wlgy o ¢ oLy cnlin lovs
Oy 9y b ailes oo ol Bl o Lo cunls . sy
et 8 Jloy3 am 8 i adlate oo Ll ol
S bl (508 il g 0 e sl (5559050 &3l oI
ol Bolas g plae sl Hloa> - (Hami et al., 2019) o)ls
-(El-Bardisy et al,. 2016) 0.5 _go oloel laors jo  alisee ol 56
iy gy s 85 ey )5 yeiShe sloasly ol
Sgkied sles Laxls (2al8 o cild o8l el Glusy
o 5 o ey sy 39 55 bl 35 e
9 ilS 6685 K 5 (gaue . (Morakinyo & Lam, 2016)axsls
Ao o 350 bl Lol g Les rals o ly lisys cusls e
o i e 6583l Les (2l o |y (s < sl 5551
s slagSl o Lz calisee ctlS (gbogn, i duslin 5. asls
45 Sy 475 ol & 055 (0 ) 5 05T ez (2B
Dokl 5 00gs i8558 atbate aromo Lt o ik sl
Sle e Bl Gl Ll Wl oo lisys canslio 555
gy cwlin CuslS” 66Xl (Abdi et al., 2020)aS slogl ol 3
bl Ll aslogzg 4 (Jame bulyd Sgge cge LS
soslas g ools Lo . (Zhang et al., 2018) sgi oo ol 3l 5l
Bl oy 5 008 (630150 s oo slis ldle i 5l 7 et
@5 g 0 dboml lazs po lagyyliw ol & s (65 eSS0
ey o S Colw slaceand 25T, lis s oS -l Lo
a8 gyl ol oS o 28lyo ol o (699 Oline 'ty
Tobw 39y 0 VL (Sodyod (ppwd oS Gloj sl S3gaome
s Lame a2 )3 9 WS e i (5l 58 (BBl 5 S05es
U o 5 2Bl el asle slosss slagSl )0 050 0
Oy dol 5y 50 bl > aS ol b 3aios ool )0 00 sy

1 Solar access



s3bin so0)S 5 Syecd ygu e

Jansson, C. E. J. P, Jansson, P. E., & Gustafsson, D.
(2007). Near surface climate in an urban vegetated

park and its surroundings. Theoretical and Applied
Climatology, 89(3), 185-193.

Johansson, E., Spangenberg, J., Gouvéa, M. L., &
Freitas, E. D. (2013). Scale-integrated atmospheric
simulations to assess thermal comfort in different
urban tissues in the warm humid summer of Sdo
Paulo, Brazil. Urban Climate, 6, 24-43.

Karimimoshaver,M., Ahmadi, M.A., Aram, F., &
Mosavi, A. (2020). Urban views and their impacts
on citizens: A grounded theory study of Sanandaj
city. Heliyon, 6 (10). https://doi.org/10.1016/].
heliyon.2020.e05157

Karimimoshaver, M., Mansouri, S.A. and Adibi, A.A.
(2010). the Relationship between Urban Landscape
and Position of Tall Buildings in the City, BAGH-e
NAZAR. Vol. 7, No. 13: 89-99 [in Persian]

Karimimoshaver, M., Khalvandi, R., & Khalvandi,
M. (2021). The effect of urban morphology on heat
accumulation in urban street canyons and mitigation
approach. Sustainable Cities and Society, 73, 103127.
https://doi.org/10.1016/j.scs.2021.103127

Karimimoshaver, M. and Shahrak, M. S. (2022). The
effect of height and orientation of buildings on thermal
comfort. Sustainable Cities and Society, 79, 103720.
https://doi.org/10.1016/].s¢5.2022.103720

Khalvandi, R., & Karimimoshaver, M. (2023). The
optimal ratio in the street canyons: Comparison of two

methods of satellite images and simulation. Building
and Environment, 109927. https://doi.org/10.1016/j.
buildenv.2022.109927

Lee, H., Mayer, H. and Chen, L. (2016). Contribution
of trees and grasslands to the mitigation of human heat
stress in a residential district of Freiburg, Southwest
Germany. Landscape and Urban Planning, 148, pp.37-
50.

Morakinyo, T.E. and Lam, Y.F. (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, pp.262-275.

Oke, T. R. (1982). The energetic basis of the urban heat
island. Quarterly Journal of the Royal Meteorological
Society, 108(455), 1-24.

Oliveira, S., Andrade, H., & Vaz, T. (2011). The cooling
effect of green spaces as a contribution to the mitigation
of urban heat: A case study in Lisbon. Building and

Ol eo (S Olidions )0 (rizmad .35 )18 (50 Ol g lase
o dldca 9 Syt Gl 5l (oS g S0 Elgl punyp
delito ddlaie Jaiseo baglon o l) c )0 £45 s (3l g oo

o8

Refrences:

Abdi, B., Hami, A. and Zarehaghi, D. (2020). Impact
of small-scale tree planting patterns on outdoor
cooling and thermal comfort. Sustainable Cities and
Society, 56, p.102085.

Aboelata, A. and Sodoudi, S. )2019(. Evaluating urban
vegetation scenarios to mitigate urban heat island and
reduce buildings’ energy in dense built-up areas in
Cairo. Building and Environment, 166, p.106407.

Ashrae, A.H.-F., 1997. American Society of Heating,
Refrigerating and Air- Conditioning Engineers. Inc.
Atlanta.

El-Bardisy, WM., Fahmy, M. and El-Gohary, G.F.
(2016). Climatic sensitive landscape design: Towards
a better microclimate through plantation in public
schools, Cairo, Egypt. Procedia-Social and Behavioral
Sciences, 216(October 2015), pp.206-216.

Fanger, P. O. (1970). Thermal comfort. Analysis and
applications in environmental engineering. Thermal
comfort. Analysis and applications in environmental
engineering

Gromke, C., Blocken, B., Janssen, W., Merema,
B., van Hooff, T., & Timmermans, H. (2015). CFD
analysis of transpirational cooling by vegetation: Case
study for specific meteorological conditions during
a heat wave in Arnhem, Netherlands. Building and
environment, 83, 11-26.

Haashemi, S., Weng, Q., Darvishi, A., & Alavipanah,
S. K. (2016). Seasonal variations of the surface urban

heat island in a semi-arid city. Remote Sensing, 8(4),
352.

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

Hwang, Y. H., Lum, Q. J. G., & Chan, Y. K. D. (2015).
Micro-scale thermal performance of tropical urban
parks in Singapore. Building and Environment, 94,
467-476.

Iran Meteorological Organization. (2020). Retrieved
13 August 2020, from https://irimo.ir/eng/index.php

WF=1-0 (FV) Y Y (g5 lalllas | 1Y



s3bin so0)S 5 Syecd ygu e

environment, 46(11), 2186-2194.

* Perini, K., Chokhachian, A., & Auer, T. (2018). Green
streets to enhance outdoor comfort. In Nature based
strategies for urban and building sustainability (pp.
119-129). Butterworth-Heinemann.

e Salata, F., Golasi, I., de LietoVollaro, A. and de
LietoVollaro, R. (2015). How high albedo and
traditional buildings’ materials and vegetation affect
the quality of urban microclimate. A case study. Energy
and Buildings, 99, pp.32-49.

» Salata, F., Golasi, 1., Petitti, D., de Lieto Vollaro, E.,
Coppi, M., & de Lieto Vollaro, A. (2017). Relating
microclimate, human thermal comfort and health
during heat waves: An analysis of heat island mitigation
strategies through a case study in an urban outdoor
environment. Sustainable Cities and Society, 30, 79-
96.

» samadpour shahrak, M., karimimoshaver, M. (2022).
The relationship between the placement of building
blocks and wind flow at the pedestrian level. Journal of
Environmental Studies, 48(1), 15-34. doi: 10.22059/
jes.2022.331141.1008229 [in Persian]

* Srivanit, M. and Jareemit, D. (2020). Modeling the
influences of layouts of residential townhouses and
tree-planting patterns on outdoor thermal comfort in
Bangkok suburb. Journal of Building Engineering, 30,
p-101262.

* Su, W, Zhang, Y., Yang, Y. and Ye, G. (2014).
Examining the impact of greenspace patterns on land
surface temperature by coupling LiDAR data with a
CFD model. Sustainability, 6(10), pp.6799-6814.

» Taleghani, M., Kleerckoper, L., Tenpierik, M. and
van den Dobbelsteen, A. (2015). Outdoor thermal
comfort within five different urban forms in the
Netherlands. Building and environment, 83, pp.65-78.

» Teshnehdel, S., Akbari, H., Di Giuseppe, E., & Brown,
R. D. (2020). Effect of tree cover and tree species on
microclimate and pedestrian comfort in a residential
district in Iran. Building and Environment, 178,
106899.

e Zhang, L., Zhan, Q. and Lan, Y. (2018). Effects of the
tree distribution and species on outdoor environment
conditions in a hot summer and cold winter zone: A
case study in Wuhan residential quarters. Building and
Environment, 130, pp.27-39.

1Y | W10 ((FV) Y VF-Y 5 pp olalllas



s3bin so0)S 5 Syecd ygu e

:alldo O &l>)1 09>

Slalas ¢ oS sloSely Bl bl )l g‘;;‘.;LJﬁ a0 cunlS 6631 ,50 byl (VFe) olo e pglie on)S tlugn «Syoeds j5dano
.doi: 10.34785/J011.2023.002/Jms.2023.114 .105-114 «(47) 12 « g0

Copyrights:

Copyright for this article is retained by the author(s), with publication rights
granted to Motaleate Shahri. This is an open-access article distributed under the @ ®

terms of the Creative Commons Attribution License (http://creativecommons.

org/licenses/ by/4.0), which permits unrestricted use, distribution, and repro-

duction in any medium, provided the original work is properly cited.

WE=10 C(FV) WY VE-Y ¢ g slalllas | \\ ¥



