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Extended Abstract
Background and Objective

Although the effects of vegetation on urban microclimate have been discussed in various studies,
research on thermal comfort in urban spaces is highly context-dependent, and each city with its geo-
graphical location and specific climatic conditions requires its unique studies. The present study aims
to investigate the effect of vegetation on the thermal comfort of urban open spaces in a part of Sabzevar
city. For this purpose, in this study, simulation results of two different options are used to evaluate it.
Methodology

This article examines the factors affecting microclimate and the influence of vegetation cover to
achieve better spatial quality using the numerical software ENVI-met. The analyses are conducted using
two patterns in an east-west pedestrian walkway in the neighborhood yard of a residential complex in
the cold and semi-arid climate of Sabzevar. The first case includes two outer rows of deciduous trees
with a height of 10 m and a crown width of 5 m and a middle row of evergreen trees with a height of
18 m and a crown width of 11 m. The second case includes an upper row of deciduous trees with a
height of 11 m and a crown width of 9 m and a lower row of coniferous evergreen trees with a low leaf
density index with a height of 15 m, and a crown width of 7 m.
Findings

Due to the use of three rows of trees in the southern part of the blocks (east-west pedestrian axis),
which is one row more than the other option, the comfort index number in summer is reported to be
about 2 degrees Celsius lower (22.26 degrees Celsius). Also, in this option, soil cover is used in more
places, which causes the ground surface temperature to decrease in these areas in the summer. In the
second option, the central courtyard is covered with grass and low-height deciduous trees, which causes
the sun's rays to pass through the branches of the trees and increases the average radiant temperature,
and higher PET is observed in winter.
Conclusion

The use of evergreen trees in the central courtyards of the blocks has had positive effects on com-
fort conditions and the comfort index in the summer. In addition to providing the necessary humidity,
these trees provide shade and bring environmental conditions closer to the comfort zone. Also, in the
cold seasons, materials with higher reflectivity can be used, because this causes the solar rays to be
reflected to the ground and at human height (for example, a height of 180 cm), people feel a higher
ambient temperature. By using materials with a lower albedo index on surfaces, thermal stress in the
environment can be increased and better comfort conditions can be created.
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(c) First pattern — 3D
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(d) Second pattern — 3D

Figure 1. Modeled patterns (2D and 3D) in ENVI-met software
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Table 1. Design pattern specifications

Pattern East-West Pedestrian Crossing Neighborhood unit yard
1 Three rows of trees including: (1) Use of 2 m high boxwood cover adjacent to the res-
Two outer rows of deciduous trees with a height of 10 me-  [idential block for shade
ters and a crown width of 5 meters (2) Instead of using dense grass cover, non-deciduous
A middle row of non-deciduous trees with a height of 18 trees 7 m high and 3 m wide were used.
meters and a crown width of 11 meters
2 Two rows of trees including: (1) Use of a 2-meter-high boxwood cover adjacent to

An upper row of deciduous trees with a height of 11 meters
and a crown width of 9 meters

A lower row of coniferous evergreen trees with a low leaf
density index with a height of 15 meters and a crown width

the residential block for shading

(2) Dense grass cover 25 centimeters high and on it a
specially designed arrangement of deciduous trees with
a height of 5 meters and a crown width of 5 meters.

of 7 meters
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sius)
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Figure 4. Graphical images of summer wind speea (m/s)
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Figure 3. Winter air potential temperature images (Cel-
sius)
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Figure 6. Summer relative humidity images (percentage)
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Figure 5. Graphical images of winter wind speed (m/s)
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Figure 8. Average summer radiation temperature images
(Celsius)
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Figure 9. Average winter radiant temperature images
(Celsius)
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Figure 7. Winter relative humidity images (percentage)
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Figure 10. Summer land surface temperature images
(Celsius)
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Figure 11. Winter land surface temperature image (Cel-

sius)
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Figure 12. PET images in winter (Celsius)
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Figure 14. Network area in the middle part of the central
courtyard
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Figure 12. PET images in summer (Celsius)
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Table 2. Climatic factors and index of the first and second patterns at different times of the summer

PET
Skin surface . . Average radiant . o
Date and name Hour C) temperature Wind speed | Air temperature temperature Relative humidity
of the pattern m/s oC oC
) (mss) () 0 (0)
04:00 25.0002 34.51 0.30 31.048 19.429 26.818
2021 Jul 27
05:00 25.09 34.521 0.29 30.477 20.489 26.478
First pattern
05:59 28.434 34.896 0.29 30.971 27.132 26.421
04:00 25.292 34.544 0.26 31.055 20.164 26.813
2021 Jul 27
05:00 25.4 34.55 0.27 30.491 21.074 26.484
Second pattern
05:59 28.47 34.885 0.29 30.92 28.982 26.461
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Figure 15. Diagram of factors and climatic index of the first (a) and second (b) patterns at different times of the summer

@ Gl o O polie 5l eolitwl a5 o o Lol oylewnls
P Sl ity 3 S o SaS o gy il
093 &S | 09l aldss balao! pl O ol o) Jua s
oA el o el o Wl on oS 2LS by
2l p3Y (o Cugbo,

Ll (g2 Loyl g, 5 ey 4Ty
00—l S yiem 4230 ) gu> 4 Sl W PET o>l
odpwy g ¥ ozelu (o ol 5 le az 0 VY 4 5 ol
ol 8 am Lo b aiulie jo g (goue a5 cl
Sgd> v g a3l uals /YO sgus o ol Ce
Lyl Bld 5l as canl ot 4l p e < /77 .Sl
Fomlis plis; Joad )0 g woldl (ol Sl
RV

Oleise I sles Gl sla)Sel, (b L
2 St oiwlel & obowss glp 1, PET asls
pdlE Glis e cunls iolisloly molisl o ol
o ol oa oolainl LIl ol cg jo oKl ) o a8
Ol sl Yay 5l ol gl )S g 595 Wil
sleslaiwl o, YU I, alad pl sleo g 005 alad o)y
bz sz wadel dnogi Jab nl o O yaie
COl igh oo Glwey Jad jo Lo ralS o b_ﬂ
Jled 5 Jlad e 0y 0l 2 5o pdlglis by

3,5 (655 glm 5 0l 355 5l )l B el canlie 5,5

OFF) ) o)los o Jsl Jlo

(NN IS oY Jgor @ azgi b Jol an s o
Iy +IYY sae o ¥ el )0 PET ali (lins) yo
P LS o b 1) (Jo5 gy s a0 (LS
5 a8 awy e oLF il -+ [P Sgumdy o £ el
2,18 3925 88l gl b yae olopw 15 0)90 ol (oled
sy il (Jo5 gy, 5 lgp Saepuw So cpl 5
Lyl s bl 5l a8 sl oouw ) aslipie < /YT 4 +/VO
Sy 36 Bl 5l g 090 (0 o 95 152 558 (o 95
Ol o ales 3l g leasy 55 eles jo 0l g BB L
[ SV PRV SR T UL g PN L g PP EERt 3
@ Calos 1 pon o )0 0L (B39 5 (G0 Jled 5 350)
Crmnins Cdlad ol gl ! SS 4 Y e Jos
Gyl Jgu8 BB asl p 2o VP L ol ce
AS 9 Y/4 4l A )‘A.E.A U"‘ 65)00L"~3. 9 uol,.__...il
ey g 4l e
il —ialS guig) G D cpl o len sles
Lol abols a5 canl oduws , = VY a4 =+ /FF 5l 4 sl
Cagly 0,0 ol 5 il az 0 Ye-YOIN il ddlas
Sl jgods g Canl aiils LlalS gaig) G g
FO LY. u..;l_.ﬂ odgdome 3l 18 aS cwl oo o A
ooliiw 4y lg5 o £90 90 cpal Y 51l b g0 (Mo yo
245 Symi o8 550 Ll 515 5 Ol Lo

s5u 50 85 ol dgzg b el axslds 5T Gl bl slas

a8l i 5 ol glie



alol sl asls ol iy cils el > ol i 8b i VF

el Glaoy Jad sl (6 ponlin 5580l ipgd (ol

Loecplply ols juals g cpl jo 1ol ol o ce pu g
F8 o g Cand ol 50 cabanes Clae 4 azgs

Table 3. Climatic factors and index of the first and second patterns at different times of the summer

PET
Skin surface . . Average radiant . L
Date and name Hour C) temperature Wind speed | Air temperature temperature Relative humidity
of the pattern / oC oC
0 (m/s) () ) )
04:00 0.214 13.72 0.75 -0.44 -5.22 2.98
2021 Mar 8
05:00 -0.47 13.08 0.74 -1.25 -6.92 2.71
First pattern
05:59 -0.59 12.97 0.73 -1.37 -7.40 2.65
04:00 1.24 14.65 0.48 -0.30 -5.14 3.01
2021 Mar 8
05:00 0.58 14.04 0.47 -1.11 -6.74 2.77
Second pattern
05:59 0.46 13.94 0.46 -1.25 -7.17 2.71
15 15
e S —— —+—PET (°C) ~— PET (°C)
10 ~#— Skin Surface Temperature (°C) 10 = ~#- Skin Surface Temperature (°C)
Air Temperature (°C’) Air Temperature (°C)
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Figure 16. Diagram of factors and climatic index of the first (a) and second (b) patterns at different times of the winter
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