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Abstract: The effect of the sky view factor (SVF) on outdoor thermal comfort has been extensively
explored, while its impact on the indoor thermal environment is ignored. This research combined
Envi-met and kriging models to explore the annual effect of the sky view factor on the indoor thermal
environment. Different from previous studies, this study explored the effect of the sky view factor on
indoor temperature rather than outdoor temperature, and from the perspective of a full year instead
of a typical summer day. The analytical results reveal that an increase in the sky view factor raised the
indoor air temperature every month. Although a low sky view factor was beneficial to the insulation
of the built environment at night, it was proven that in Chenzhou city, the indoor air temperature was
still higher in a built area with a high sky view factor than with a low sky view factor. In addition, the
sky view factor was shown to have a nonlinear relationship with indoor thermal comfort throughout
the year. When the sky view factor increased from 0.05 to 0.45, the indoor temperature increased by
around 10 ◦C at 16:00 and increased by about 4 ◦C throughout the night for each month, and from
the view of the annual cycle, the cooling demand duration increased by 1611.6 h (18.4%), and the
heating demand duration decreased by 1192.3 h (13.61%).

Keywords: sky view factor; annual cycle; indoor temperature; Envi-met; kriging

1. Introduction

High-density cities save land; however, they inevitably compromise the quality of
the urban environment, such as by blocking ventilation, enhancing the urban heat island
(UHI) effect, and aggravating pollution [1–3]. Especially in high-density urban areas, the
sky view is narrowed by surrounding buildings [4,5]. The diminished visual range and
thermal environment this causes are areas of concern being examined by urban planning
scholars [6,7]. Oka initially pointed out that UHI depends on the size and meteorology
of the city [8]. The sky view factor (SVF) is an important index for urban planners to
describe urban morphology and is defined as the ratio of the amount of sky visible from a
given point on a surface to the potentially available amount [9,10]. SVF is a dimensionless
number ranging from 0 to1 [11]. Usually, the SVF at any point in a city is less than 1,
because the surrounding buildings cover the visible sky. In principle, a high SVF during
the day means more shortwave radiation entering street canyons, increasing the ambient
air temperature [12,13]. At night, a low SVF blocks the divergence of longwave radiation in
street canyons, which in turn blocks heat dissipation and raises the air temperature [14,15].
Existing studies have confirmed that SVF has strong relationships with land surface and
wall surface temperature [16–19]. Because shortwave radiation is the main contributor to
urban surface and building wall surface temperature, it is consequently strongly affected
by SVF. In terms of air temperature, most studies, including Eliasson’s investigation in
Goteborg, Sweden [20], and Taha’s investigation in San Francisco, USA, point out that the
sensitivity of air temperature to SVF variation is weak [21]. However, Svensson observed a
strong relationship between SVF and night-time air temperature in Goteborg using mobile
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observation and weather station data [22]. Recently, Ha reported that SVF negatively
affected air temperature in Seoul, Korea, both during the day and at night [23]. The
conclusions regarding the effect of SVF on outdoor air temperature in different experiments
differ, and some even contradict each other. This is because, compared with land surface
and wall surface temperature, outdoor air temperature is affected by multiple factors such
as radiation, convection, and heat conduction [24,25]. Therefore, the correlation between
air temperature and SVF is not as strong as that between SVF and surface temperature.

Existing studies have explored the impact of SVF on outdoor surface and air tem-
perature [26–29], and some studies have further explored its impact on outdoor thermal
comfort [30–32]. Different from outdoor air temperature, the indoor air temperature of a
closed room is, in principle, determined by the wall temperature and the radiation trans-
mitted through the transparent glass of windows [33–35], which is strongly affected by SVF.
However, thus far, there is no research exploring how SVF affects indoor air temperature.
The reason for this research gap is that urban planning scholars concentrate on the outdoor
environment, and architectural scholars are more concerned about the indoor environment,
but they all ignore the impact of outdoor morphology on the indoor environment. Improv-
ing the indoor thermal environment could reduce the energy consumption of buildings,
because the indoor air temperature needs to be conditioned for thermal comfort [36], which
is different from the outdoor thermal environment. In hot summer and cold winter climate
zones, cooling the indoor temperature is beneficial to the indoor thermal environment in
summer, but it is harmful in winter [37,38] in terms of indoor thermal comfort. Therefore,
we cannot copy the method of evaluating the impact of SVF on the indoor thermal environ-
ment on a typical summer day. In this study, instead, annual cycle evaluation based on the
kriging model, a temperature interpolation method, is proposed to evaluate the impact of
SVF on the indoor thermal environment.

2. Methods and Parameters
2.1. Analytical Scenarios

Chenzhou, a city with cold winters and hot summers located in the south of Hunan,
China, was selected as the research city [39]. We calculated the SVF of the main streets in
Chenzhou with digital data. The SVF values of the main streets in Chenzhou are shown in
Figure 1, which illustrates that the values ranged from 0.1 to 1.
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In China, the width of both urban and residential roads follows unified national
standards. Urban trunk roads are 30–40 m wide, secondary trunk roads are 20–24 m wide,
and branch roads are 14–18 m wide. The width of roads connecting residential groups is
10–14 m, and the width of roads in residential groups is 5–7 m. Therefore, the SVF within
Chenzhou residential areas is calculated to be 0.075–0.25. For residential buildings facing
urban streets, the SVF can still reach 0.5. As Envi-met model is composed of grids, it cannot
construct any SVF value model. Therefore, we selected 0.05, a value close to 0.075 as the
lower bound, and 0.45, a value close to 0.5 as the upper bound. Based on the above analysis,
we adopted 0.05, 0.18, 0.3, 0.4, and 0.45 as the representative SVF values of residential
areas in Chenzhou. The five models corresponding to these five SVF values are shown
in Figure 2.
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In Figure 2, the scale and shape of the 5 buildings in the center of the building groups
are the same, with a ground floor area of 12 × 12 m2 and height of 20 m. The window-
to-wall ratios of the buildings are 20%. The buildings walls have a thickness of 300 mm,
and are composed of hollow concrete brick, with a roughness length of 0.02. The attributes
of hollow concrete brick are presented in Table 1 [40]. In addition, the roof is made of
reinforced concrete, whose parameters are shown in Table 2 [41].

Table 1. Attributes of hollow concrete brick.

Parameter Value

Shortwave radiation absorption 0.70
Shortwave radiation reflectance 0.30

Longwave thermal emissivity 0.90
Specific heat (J/kg·k) 840.00

Thermal conductivity (W/m·k) 0.86
Density (kg/m3) 930.00
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Table 2. Attributes of reinforced concrete.

Parameter Value

Thickness (mm) 300.00
Shortwave radiation absorption (Frac) 0.7
Shortwave radiation reflectivity (Frac) 0.30
Longwave thermal emissivity (Frac) 0.90

Specific heat (J/(kg·K) 840.00
Thermal conductivity (W/(m·K) 1.90

Density (kg/m3) 2500.00

In Chenzhou, clear float glass is commonly used in residential buildings; thus, we
used clear float glass as the windows in the simulation. The parameters of clear float glass
are presented in Table 3 [42].

Table 3. Attributes of clear float glass.

Parameter Value

Thickness (mm) 20.00
Shortwave radiation absorption (Frac) 0.05

Shortwave radiation transmission (Frac) 0.90
Solar heat gain coefficient 0.80

Shortwave radiation reflectivity (Frac) 0.05
Longwave thermal emissivity (Frac) 0.90

Specific heat (J/(kg·K) 750.00
Thermal conductivity (W/(m·K) 1.05

Density (kg/m3) 2500.00

2.2. Simulation Tools

We employed the Envi-met model to explore the effect of SVF on the indoor thermal
environment. Envi-met is designed to simulate the interactions between surface–plant–
air in the city, and it has 10 programs and 10 functions (https://www.envi-met.com/
software/; accessed on 1 May 2022). Although many simulation tools can calculate indoor
air temperature, such as Ecotect [43], TRNSYS [44], and EnergyPlus [45], these models
are not CFD-based programs. In these programs, the wind speed is fixed in only one
direction, which cannot accurately describe the effects of wind on convective heat transfer
on facades [46]. Envi-met is a non-hydrostatic, micro-climatological, and computational
fluid dynamics model that incorporates thermodynamic principles [47]. Envi-met simulates
indoor air temperature by calculating the heat convection on the associated interior walls
and roofs, as well as the energy transmitted through the transparent glass. The indoor
temperature follows Equation (1) [48]:

T∗
i = Ti +

1
CpV

∫ E

e=1
A(e)

(
Qtr

sw(e) + hc,i(T∗
3 (e)− Ti)

)
dt (1)

where Ti indicates the initial air temperature in zone i, V is the volume of zone i, and T∗
i is

the updated air temperature in zone i after time dt; A(e) is the surface area of zone i, and E
is the number of façades in zone i; Qtr

sw is the shortwave radiation transmitted into zone i
through transparent glass e; and hc,i is the heat convection coefficient of the sensible heat
transfer between the indoor air and interior walls.

Many published studies have tested the accuracy of the Envi-met model by field
experiments [49,50]. Previous studies have revealed that, for Envi-met, the correlation
coefficient between simulated indoor air temperatures and measured indoor air temper-
atures is 0.956 in a greening wall experiment [40]. We also carried out an experiment to
validate the accuracy of the Envi-met model in simulating the indoor air temperature, the
details of which are shown in the published paper, where the R2 of simulated and measured

https://www.envi-met.com/software/
https://www.envi-met.com/software/
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temperature was 0.902 [42], which validated the accuracy of the Envi-met model in the
indoor air temperature simulation.

2.3. Meteorological Data and Settings

The meteorological data of Chenzhou city from 2007 to 2020 were collected from the
website of historical weather (https://tianqi.2345.com/wea_history/57972.htm; accessed
on 11 April 2021). Based on the historical data, we calculated mean air temperature, average
wind speed, and relative humidity (RH) for every month. These data were employed as
the boundary conditions for evaluating the annual effects of SVF on the indoor thermal
environment in Chenzhou. The specific monthly boundary conditions are shown in Table 4.

Table 4. Boundary conditions of simulation.

Month Meteorological Condition Value Month Meteorological Condition Value

January

Velocity (10 m off the ground) 2.7 m/s

February

Velocity (10 m off the ground) 3.34 m/s
Wind direction 315◦ Wind direction 135◦

Mean high temperature 9 ◦C Mean high temperature 15 ◦C
Mean low temperature 5 ◦C Mean low temperature 9 ◦C

Mean high RH 78% Mean high RH 80%
Mean low RH 68% Mean low RH 70%

March

Velocity (10 m off the ground) 3.51 m/s

April

Velocity (10 m off the ground) 5.3 m/s
Wind direction 315◦ Wind direction 315◦

Mean high temperature 16 ◦C Mean high temperature 19 ◦C
Mean low temperature 11 ◦C Mean low temperature 13 ◦C

Mean high RH 84% Mean high RH 77%
Mean low RH 74% Mean low RH 67%

May

Velocity (10 m off the ground) 4.59 m/s

June

Velocity (10 m off the ground) 3.52 m/s
Wind direction 315◦ Wind direction 315◦

Mean high-temperature 28 ◦C Mean high temperature 30 ◦C
Mean low temperature 21 ◦C Mean low temperature 24 ◦C

Mean high RH 78% Mean high RH 77%
Mean low RH 68% Mean low RH 67%

July

Velocity (10 m off the ground) 4.72 m/s

August

Velocity (10 m off the ground) 2.79 m/s
Wind direction 270◦ Wind direction 135◦

Mean high temperature 33 ◦C Mean high temperature 32 ◦C
Mean low temperature 26 ◦C Mean low temperature 24 ◦C

Mean high RH 71% Mean high RH 74%
Mean low RH 61% Mean low RH 64%

September

Velocity (10 m off the ground) 2.77 m/s

October

Velocity (10 m off the ground) 2.77 m/s
Wind direction 0◦ Wind direction 315◦

Mean high temperature 25 ◦C Mean high temperature 19 ◦C
Mean low temperature 20 ◦C Mean low temperature 14 ◦C

Mean high RH 72% Mean high RH 79%
Mean low RH 62% Mean low RH 69%

November

Velocity (10 m off the ground) 2.53 m/s

December

Velocity (10 m off the ground) 2.8 m/s
Wind direction 0◦ Wind direction 315◦

Mean high temperature 17 ◦C Mean high temperature 7 ◦C
Mean low temperature 11 ◦C Mean low temperature 4 ◦C

Mean high RH 85% Mean high RH 78%
Mean low RH 75% Mean low RH 68%

3. Results and Discussion
3.1. Effects of SVF on Indoor Thermal Environment for Each Month

The Envi-met model was used to simulate the indoor air temperature in five SVF
models, and 1440 indoor air temperatures were obtained (5 SVF models × 24 h in a day
× 12 months in a year). To visually display the simulation results, Figure 3 shows the

https://tianqi.2345.com/wea_history/57972.htm
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simulated results at 16:00 in January, when indoor temperatures were collected from the
center building.
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Figure 3. Simulation results at 16:00 in January. (a) Indoor air temperature at 16:00 in January for
the SVF (0.05) scenario. (b) Indoor air temperature at 16:00 in January for the SVF (0.18) scenario.
(c) Indoor air temperature at 16:00 in January for the SVF (0.3) scenario. (d) Indoor air temperature at
16:00 in January for the SVF (0.4) scenario. (e) Indoor air temperature at 16:00 in January for the SVF
(0.45) scenario.

To further understand the daily variations of indoor air temperature, we conducted a
statistical analysis of indoor temperature changes under the five SVF scenarios in every
month, the results of which are presented in Figure 4.
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Figure 4. Daily variations of indoor temperature under 5 SVF conditions over 12 months.

Figure 4 shows that in Chenzhou city, high SVF improved daily indoor air tempera-
tures in every month. When the SVF increases from 0.05 to 0.45, the indoor temperature
increases by around 10 ◦C at 16:00 for each month when SVF causes the maximum tempera-
ture difference on the indoor thermal environment. This phenomenon is easy to understand
in the daytime, when solar radiation is the main contributor to increased indoor air tem-
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perature. Residential blocks with high SVF allow buildings more access to solar radiation,
which raises the indoor air temperature.

Different from the daytime, the influence mechanism of indoor temperature at night is
more complex. Without solar radiation, buildings continue to dissipate heat, and accord-
ingly, the indoor temperature gradually decreases. Existing studies have proven that at
night, areas with low SVF block the dissipation of longwave radiation by multiple reflection
in urban canyons, forming urban heat islands; in particular, streets with high SVF values
are conducive to building heat dissipation. Conversely, compared with buildings in blocks
with low SVF, buildings in blocks with high SVF also accumulate more heat during the day,
forming higher indoor temperatures. Therefore, at night, there may be two cases of indoor
temperatures of residential areas with different SVF values. First, indoor temperatures
in residential areas with high SVF are always higher than those in areas with low SVF
throughout the night. Second, indoor temperatures of residential areas with high SVF
decrease faster and are lower compared to residential areas with high SVF from a certain
time of the night. One of these two scenarios will occur, depending on the local climate
and building materials. Figure 3 illustrates that high SVF keeps the indoor temperature
higher than low SVF throughout the night in Chenzhou city. Furthermore, when the SVF
increased from 0.05 to 0.45, the mean indoor temperature during the night increased by
about 4 ◦C for each month.

3.2. Effects of SVF on Indoor Thermal Environment for Each Month

While the daily variation in indoor temperature every month can be used to explore
the effects of SVF, it cannot determine the advantages and disadvantages of different SVF
values on the indoor thermal environment over a full year. To explore the annual effects of
SVF on the indoor thermal environment in Chenzhou city, the kriging model was used to
fit the annual distribution of indoor air temperature under the five SVF scenarios. Kriging
is a feasible model to use for interpolating temperature values [51]. The kriging model’s
built-in Surfer software was employed as the translation tool in this research. With the help
of the kriging model, we determined the annual distribution of indoor air temperature for
the five SVF scenarios (SVF = 0.05, 0.18, 0.30, 0.40, and 0.45), as shown in Figure 5.

Buildings 2022, 12, x FOR PEER REVIEW 8 of 13 
 

Different from the daytime, the influence mechanism of indoor temperature at night 
is more complex. Without solar radiation, buildings continue to dissipate heat, and ac-
cordingly, the indoor temperature gradually decreases. Existing studies have proven that 
at night, areas with low SVF block the dissipation of longwave radiation by multiple re-
flection in urban canyons, forming urban heat islands; in particular, streets with high SVF 
values are conducive to building heat dissipation. Conversely, compared with buildings 
in blocks with low SVF, buildings in blocks with high SVF also accumulate more heat 
during the day, forming higher indoor temperatures. Therefore, at night, there may be 
two cases of indoor temperatures of residential areas with different SVF values. First, in-
door temperatures in residential areas with high SVF are always higher than those in areas 
with low SVF throughout the night. Second, indoor temperatures of residential areas with 
high SVF decrease faster and are lower compared to residential areas with high SVF from 
a certain time of the night. One of these two scenarios will occur, depending on the local 
climate and building materials. Figure 3 illustrates that high SVF keeps the indoor tem-
perature higher than low SVF throughout the night in Chenzhou city. Furthermore, when 
the SVF increased from 0.05 to 0.45, the mean indoor temperature during the night in-
creased by about 4 °C for each month. 

3.2. Effects of SVF on Indoor Thermal Environment for Each Month 
While the daily variation in indoor temperature every month can be used to explore 

the effects of SVF, it cannot determine the advantages and disadvantages of different SVF 
values on the indoor thermal environment over a full year. To explore the annual effects 
of SVF on the indoor thermal environment in Chenzhou city, the kriging model was used 
to fit the annual distribution of indoor air temperature under the five SVF scenarios. 
Kriging is a feasible model to use for interpolating temperature values [51]. The kriging 
model’s built-in Surfer software was employed as the translation tool in this research. 
With the help of the kriging model, we determined the annual distribution of indoor air 
temperature for the five SVF scenarios (SVF = 0.05, 0.18, 0.30, 0.40, and 0.45), as shown in 
Figure 5. 

(a) 

(b) 

Figure 5. Cont.



Buildings 2022, 12, 787 9 of 13Buildings 2022, 12, x FOR PEER REVIEW 9 of 13 
 

(c) 

(d) 

(e) 

Figure 5. Distribution of annual indoor air temperature for 5 SVF scenarios. (a) Annual distribu-
tion of indoor air temperature for the five SVF (0.05). (b) Annual distribution of indoor air temper-
ature for the five SVF (0.18). (c) Annual distribution of indoor air temperature for the five SVF 
(0.30). (d) Annual distribution of indoor air temperature for the five SVF (0.40). (e) Annual distri-
bution of indoor air temperature for the five SVF (0.45). 

Figure 5 indicates that with increased SVF values, the perception of “very cold” de-
creased substantially, and the perception of “very hot” increased markedly on an annual 
basis. Compared with the scenario of SVF = 0.05, under the other four scenarios, the du-
ration of “comfort” was extended by a similar proportion. 

To accurately quantify the annual impact of SVF on the indoor thermal environment, 
the duration and proportion of thermal perception under the five SVF scenarios were sta-
tistically analyzed. By calculating the area of the proportion of thermal perception on the 
map, we converted it into duration. The duration and proportion of thermal perception 
on an annual basis are presented in Table 5. 

Table 5. Proportion and duration of indoor thermal perception for 5 SVF scenarios. 

Perception  SVF = 0.05 SVF = 0.18 SVF = 0.3 SVF = 0.4 SVF = 0.45 
Very cold duration (h) 1109.21 668.90 434.42 363.16 288.40 

Figure 5. Distribution of annual indoor air temperature for 5 SVF scenarios. (a) Annual distribution
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(d) Annual distribution of indoor air temperature for the five SVF (0.40). (e) Annual distribution of
indoor air temperature for the five SVF (0.45).

Figure 5 indicates that with increased SVF values, the perception of “very cold”
decreased substantially, and the perception of “very hot” increased markedly on an annual
basis. Compared with the scenario of SVF = 0.05, under the other four scenarios, the
duration of “comfort” was extended by a similar proportion.

To accurately quantify the annual impact of SVF on the indoor thermal environment,
the duration and proportion of thermal perception under the five SVF scenarios were
statistically analyzed. By calculating the area of the proportion of thermal perception on
the map, we converted it into duration. The duration and proportion of thermal perception
on an annual basis are presented in Table 5.
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Table 5. Proportion and duration of indoor thermal perception for 5 SVF scenarios.

Perception SVF = 0.05 SVF = 0.18 SVF = 0.3 SVF = 0.4 SVF = 0.45

Very cold duration (h) 1109.21 668.90 434.42 363.16 288.40
proportion (%) 12.66 7.64 4.96 4.15 3.29

Cold
duration (h) 949.54 916.21 686.49 647.44 578.13

proportion (%) 10.84 10.46 7.84 7.39 6.60

Slightly cold duration (h) 2778.36 2276.54 2290.52 2188.67 2061.01
proportion (%) 31.72 25.99 26.15 24.98 23.5

Comfortable
duration (h) 1174.58 1801.54 2073.45 2048.56 2080.01

proportion (%) 13.41 20.57 23.67 23.39 23.74

Slightly hot duration (h) 1746.01 1425.38 1289.37 1199.81 1138.47
proportion (%) 19.93 16.27 14.72 13.70 13.00

Hot
duration (h) 1002.30 1268.46 1350.06 1432.74 1402.91

proportion (%) 11.44 14.48 15.41 16.36 16.01

Very hot duration (h) 0.00 402.97 635.68 879.61 1211.08
proportion (%) 0.00 4.60 7.26 10.04 13.83

Table 5 shows that, in general, high SVF markedly reduced the thermal perception
of “very cold”, “cold”, and “slightly hot”, but extended the duration of “hot” and “very
hot”. To evaluate the general impact of SVF on indoor thermal comfort on an annual
basis, perceptions of “comfortable”, “slightly cold”, and “slightly hot” were regarded
as acceptable. In addition, “cold”, “very cold”, “hot”, and “very hot” were treated as
unacceptable, as they require the use of energy to improve the indoor temperature. For SVF
values of 0.05, 0.18, 0.30, 0.40, and 0.45, the corresponding proportions of acceptable thermal
perception were 5698.9 h (65.1%), 5503.5 h (62.8%), 5653.3 h (64.5%), 5437.0 h (62.1%), and
5279.5 h (60.3%). Accordingly, the proportions of unacceptable thermal perception were
3061.1 h (34.9%), 3256.5 h (37.2%), 3106.7 h (35.5%), 3322.9 h (37.9%), and 3480.1 h (39.7%).
The variations in acceptable and unacceptable thermal perception indicated that SVF had a
nonlinear relationship with indoor thermal comfort throughout the year in Chenzhou city.
Further, this research also took “very cold” and “cold” as the heating demand duration of
the building and “very hot” and “hot” as the cooling demand duration. Thus, the duration
of heating demand for the building under the five SVF scenarios was 2058.75 h (23.50%),
1585.1 h (18.09%), 1120.9 h (12.80%), 1010.6 h (11.54%), and 866.5 h (9.89%), and for cooling
demand, the duration was 1002.3 h (11.44%), 1671.4 h (19.08%), 1985.7 h (22.67%), 2312.3 h
(26.40%), and 2613.9 h (29.84%). Statistical data revealed that when the SVF increased from
0.05 to 0.45, the heating demand duration decreased by 1192.3 h (13.61%) and the cooling
demand duration increased by 1611.6 h (18.4%).

4. Conclusions

Many studies have explored the impacts of SVF on air temperature, mean radiation
temperature, surface temperature and thermal comfort [32]. Compared with radiation
temperature, surface temperature and thermal comfort, the impact of SVF on outdoor air
temperature is not appreciable, which is caused by other factors such as land use [32]. For
example, a park near the street may affect the ambient temperature when analyzing the
effects of SVF on outdoor air temperature. However, for an indoor thermal environment,
the effect of SVF is appreciable. The analytical data revealed that an increase in SVF
increased the indoor air temperature in every month of the year. When the SVF rose from
0.05 to 0.45, the indoor temperature increased by around 10 ◦C at 16:00 for each month.
Although low SVF was beneficial to the insulation of the built environment at night, it was
proven that in Chenzhou city, high SVF still kept the indoor temperature higher than low
SVF throughout the night in every month because it allows more heat to accumulate during
the daytime. In Chenzhou, when the SVF increased from 0.05 to 0.45, the mean indoor
temperature during the night increased by about 4 ◦C for each month.

In addition, by applying the kriging model, we further explored the effects of SVF
on thermal distribution on an annual basis. The analytical data indicated a nonlinear
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relationship between SVF and indoor thermal comfort throughout the year in Chenzhou
city. The durations of heating demand for buildings with SVF values of 0.05, 0.18, 0.30,
0.40, and 0.45 were 2058.75 h (23.50%), 1585.1 h (18.09%), 1120.9 h (12.80%), 1010.6 h
(11.54%), and 866.5 h (9.89%), respectively, and the durations of cooling demand were
1002.3 h (11.44%), 1671.4 h (19.08%), 1985.7 h (22.67%), 2312.3 h (26.40%), and 2613.9 h
(29.84%), respectively.

When SVF increased from 0.05 to 0.45, heating demand duration decreased by 1192.3 h
(13.61%) and cooling demand duration increased by 1611.6 h (18.4%). With an increase in
SVF, the increased cooling demand duration was longer than the reduced heating demand
duration, which means that the acceptable thermal perception throughout the year was
reduced by 419.3 h (4.79%) when SVF increased from 0.05 to 0.45. Therefore, increasing
SVF in residential areas is unfavorable to the indoor thermal environment in Chenzhou
all year round. Different from advocating increasing SVF to reduce the urban heat island
effect [22], this study points out that in the hot summer and cold winter climate zone, high
SVF may be beneficial to the outdoor thermal comfort in summer, but it is unfavorable to
the indoor thermal comfort from the view of the annual cycle.

Different from the influence of SVF on outdoor thermal comfort on typical summer
weather days, this study analyzed the influence of SVF on the indoor thermal environment
from the perspective of the annual cycle, which provided us with a deeper understanding of
SVF. Meanwhile, there are still some limitations in the study that need to be explored further.

(1) This research evaluated the impact of SVF on indoor thermal comfort but did not
evaluate the corresponding energy consumption demand of cooling or heating.

(2) The SVF values of streets around buildings are not always uniform in real cities. It
would be useful to determine the results of different SVF combinations.
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