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The level of thermal comfort in urban open spaces
plays an important role in pedestrian health. Residential
environments and open spaces of housing units require
more comfortable temperatures. Courtyards as microcli-
mate modifiers and common open spaces between urban
and architectural scales can be a good passive strategy
to increase thermal comfort and reduce energy demand
of buildings. Therefore, it is necessary to quantify their
temperature balancing effect in the prevailing summer
and winter climates. Different urban forms provide dif-
ferent microclimates with different levels of comfort for
pedestrians. The effects of urban microclimates on urban
air quality and building energy use make them significant
at a larger scale. Urban forms, shaped by the typology of
buildings and the open space between them, have differ-
ent impacts at different seasons. They meet the demand for
compactness in summer to provide shelter from the sun
and openness in winter to provide access to the sun. There-
fore, to design a form that provides the best thermal condi-
tions throughout the year, through the design of openings
in the open space openings - height and width and position
of the opening. In recent years, there has been increasing
interest in the design of courtyards for microclimatic im-
provement of outdoor spaces. However, there is still little
knowledge about the thermal performance characteristics
of courtyards, especially in cold and semi-arid climates.
In this study, we measure the effects of different forms of
courtyards on thermal comfort and climatic forces, includ-
ing wind and radiation, using ENVI-met software by se-
lecting a neighborhood unit in Sabzevar city. To this end,
we have kept all design factors constant, including the
height of adjacent blocks, vegetation, and materials, ex-
cept for the openings of the adjacent courtyard. We studied
the forms of the interrupted central courtyard, the closed
central courtyard, and the U-shaped courtyard, and com-

pared the thermal comfort of the open space in terms of
the UTCI and PET indices. These three forms of the inner
courtyard were analyzed for the hottest and coldest day so
far in the cold and semi-arid climate of Sabzevar. ENVI-
met was used to simulate outdoor air temperature, mean
radiant temperature, wind speed, and relative humid-
ity, and to convert these data to Physiological Equivalent
Temperature (PET) and universal thermal climate index
(UTCI).The results show that the air temperature, mean
radiant temperature, wind speed, and relative humidity are
affected by the shape of the courtyard and the openings
and play an important role in achieving optimal thermal
comfort. The results show that the enclosed courtyard
provides better protection from wind and radiation in this
cold and semi-arid climate and is more successful from the
point of view of thermal comfort. The results show that
the enclosed courtyards provide better protection from
wind and radiation in this cold and semi-arid climate and
is closer to the thermal comfort range than the U-shaped
courtyards from the thermal comfort point of view, with
4.88 and 7.73 degrees in the summer solstice and 4.01 and
1.28 degrees in the winter solstice in the UTCI and PET
indices, respectively.
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Mean Radiant Temp.

below 42.50 °C
42.50t0 45.00 °C
45.00 to 47.50 °C
47.50to 50.00 °C
50.00 to 52.50 °C
52.50t0 55.00 °C
55.00to 57.50 °C
5750 to 60.00 °C
60.00 to 62.50 °C
above 62.50 °C

x JHROCONEN

g

n Radiant Temp.

below/ -11.50 °C
-11.50 to -11.00 °C
-11.00 to -10.50 °C
-10.50 to -10.00 °C
~10.00 to -9.50 °C
-9.50t0 -9.00 °C
-9.00to -8.50 °C
-8.50t0 -8.00 °C
-8.00 to -7.50 °C
above -7.50 °C
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tential Air Temperature

below 36.80 °C
36.80 10 37.20 °C
37.20 10 37.60 °C
37.60 t0 38.00 °C
38.00 10 38.40 °C
38.40 10 38.80 °C
38.80 10 39.20 °C
39.20 10 39.60 °C
39.60 t0 40.00 °C
above 40.00 °C

= JIECEN0N

Potential Air Temperature
below -2.35 °C
235t0-230°C
-2.30t0-2.25°C
2250220 °C
2.20t0-2.15°C
2.15t0-2.10°C
2100 -2.05°C
-2.05t0-2.00 °C
-2.00to -1.95 °C
above -1.95 °C
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below 0.80 m/s
0.80 to 1.60 m/s
1.60 to 2.40 m/s
240t03.20 m/s.
3.20 t0 4.00 m/s
4.00 t0 4.80 m/s
4.80 10 5.60 m/s
5.60 t0 6.40 m/s
6.40t07.20 m/s
above 7.20 m/s

Wind Speed 4

below 0.50 m/s
0.50to 1.00 m/s
1.00to 1.50 m/s
1.50 to 2.00 m/s
2,00 to 2.50 m/s
2.50t0 3.00 m/s
3.00to 3.50 m/s
3.50 to 4.00 m/s
4.00t0 4.50 m/s
above 4.50 m/s
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Relative Humidity
below 11.00 %

11.00 to 11.40 %
11.40t0 11.80 %
11.80 to 12.20 %
12.20 to 12.60 %
12.60 to 13.00 %
13.00 to 13.40 %
13.40t0 13.80 %
13.80 to 14.20 %
above 14.20 %

A

Relative Humidity

B below 80.00 %
B 0.0 to 62.00%
[ 9200t 84.00%
[ 54000 86.00%
[ s6.00t088.00%
[ 80.00t090.00%
[ 9000t092.00%
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below 37.00 °C

37.00 to 38.00 °C
38.00 to 39.00 °C
39.00 to 40.00 °C
40.00 to 41.00 °C
41.00 to 42.00 °C
42.00 to 43.00 °C
43.00 to 44,00 °C
44.00 t0 45.00 °C
above 45.00 °C

A

below -26.00 °C
-26.00 t0 -23.50 °C
-23.50 10 -21.00 °C
-21.00 t0 -18.50 °C
-18.50 t0 -16.00 °C
~16.00 to -13.50 °C
-13.50 t0 -11.00 °C
-11.00 t0 -8.50 °C
-8.50 t0 -6.00 °C
above -6.00 °C
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below 30.00 °C
39.00 to 40.00 °C
40.00 to 41.00 °C
41.00 to 42.00 °C
42.00 to 43.00 °C
43.00 to 44.00 °C
44.00 to 45.00 °C
45.00 to 46.00 °C
46.00 to 47.00 °C
above 47.00 °C
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below -6.00 °C

-6.00 to -5.20 °C
-5.20 to -4.40 °C
-4.40 to -3.60 °C
-3.60 to -2.80 °C
-2.80 t0 -2.00 °C
-2.00 t0 -1.20 °C
~1.20t0 -0.40 °C
-0.40 t0 0.40 °C
above 0.40 °C
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