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Abstract: Residential thermal environment affects the life of residents in terms of their physical
and mental health. Many studies have shown that building design elements affect the urban
thermal environment. In this study, Nanjing City was used as the study area. A three-dimensional
microclimate model was used to simulate and analyze the effects of four main factors, namely,
building height, density, layout and green ratio, on thermal environment in residential areas.
Results showed that 25% building density obtained a low average air temperature (ATa) and average
predicted mean vote (APMV) during 24 h. Thus, a higher building height indicates a lower ATa and
APMV and better outdoor comfort level. In addition, peripheral layout had the lowest ATa and APMV,
followed by the determinant and point group layouts. The green ratio increased from 0% to 50% with
a 10% step and the ATa and APMV decreased gradually. However, when the green ratio increased
from 30% to 40%, ATa and APMV decreased most. The effects of building height, density and green
ratio on the thermal environment in residential areas were interactive. The effects of building density,
green ratio and layout on hourly air temperature and hourly predicted mean vote in daytime varied
from these indicators during night time. How the four building design elements interact with thermal
environment were probed from two aspects of air temperature and thermal comfort based on the
validated ENVI-met, which is the element of novelty in this study. However, thermal comfort has
rarely been considered in the past studies about urban outdoor thermal environment.
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1. Introduction

In recent years, global urbanization has promoted rapid economic development. According to
the recent demographic statistics from the UN, global urbanization rate has reached 54% and this
percentage will reach 66% by 2050 [1]. The thermal environment problem has attracted significant
attention with the progress of urbanization [2,3] and it has received extensive attention from scholars
for both indoor and outdoor thermal environment [4–6]. Thermal environment problem affects human
health, economic development, leisure activities and well-being of urban dwellers [7–9], especially
the health of vulnerable people [10,11] and it causes air pollution [12]. In addition, urban thermal
environment has a dominant influence on precipitation [13] and global warming [14]. In many tropical
countries where rapid urbanization is experienced, the intensity and its negative impacts are likely to
be substantial [15,16].

The forming mechanism and simulation of urban thermal environment are the key and difficult
points in this study. From small scale, the formation of urban thermal environment is closely related to
urban planning and design elements. Therefore, researchers have mainly investigated the influence of
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architectural design elements (i.e., building height, density, layout and green ratio) on urban thermal
environment in residential areas in recent years and the effects have been simulated by computational
fluid dynamics technology.

Considerable researches have investigated the influence of green on thermal environment in
residential areas in terms of number [17,18], type [19,20], shape, location and layout [21,22] of green
space [23–25]. In addition, several studies have shown that the main reason for thermal environment
deterioration is the expansion and transformation of a city, in which the influence of buildings cannot
be ignored; factors include building height, density [26], layout [27,28], materials [29,30], aspect
ratio [31] and sky view factor (SVF) [32–34]. A significant linear negative correlation was found
between urban thermal environment and SVF. However, urban thermal environment was positively
correlated with height/width (H/W) [35,36]. Unger calculated the correlation coefficient between
urban heat island intensity and SVF as −0.43. Algeciras claimed that the aspect ratio between 1 and
1.5 provided a relatively lower air temperature (Ta). Fazia found that building direction affected the
thermal comfort of a residential area and that the surface temperature of buildings in south and west
directions was higher than that of the east and north [37]. The buildings located in dominant wind
direction should be constructed with an open layout to have more superior thermal environment with
staggered pattern than parallel pattern. A larger building spacing generally indicates a better outdoor
thermal environment in residential areas.

At present, high-rise buildings have become the major option for urban construction to cope with
rapid urbanization. Studies have shown that unplanned high-rise buildings have caused discomfort in
cities [38]. Colombo found that outdoor conditions were poor in existing wide streets with low-rise
buildings and no shade trees. Narrow streets with tall buildings and shade trees were regarded as the
most comfortable conditions [39]. However, current studies about the influence of building density
on thermal environment in residential areas are limited. General studies have considered that high
building density caused high temperature [40]. However, Ewing insisted that the increase in building
density contributed to thermal environment improvement because high building density had small
areas and exterior walls in each household; this condition improved energy storage efficiency and
reduced energy consumption and carbon emissions [41]. Therefore, no unified conclusion has been
reported about the relationships among building height, density, layout and thermal environment.
Considerable researches should be conducted to analyze the interaction mechanism between those
factors and thermal environment.

The main evaluation indices of urban thermal environment are Ta, land surface temperature
and thermal comfort. Among them, Ta and land surface temperature are utilized more in analyzing
spatial distribution difference of temperature. However, the index of thermal comfort can further
evaluate the effects of different thermal environments and climates on human health, comfort
and performance [5]. From the developmental stage and scientific basis, the indices of thermal
comfort assessment are divided into empirical and mechanism indices. Empirical indices include
heat index, wet bulb globe temperature (WBGT) and apparent temperature [42]. However, these
empirical indices do not have sufficient scientific basis for lack of consideration to heat transfer
of the human body. Moreover, the assessment results of different indices lack comparability [43].
Mechanism indices include standard effective temperature (SET), predicted mean vote (PMV) [44],
outdoor SET (OUT_SET) [45], physiological equivalent temperature (PET) [46], universal thermal
climate index (UTCI) [47]. However, PMV and SET are initially used in indoor assessment; hence,
errors will occur when they are directly used in outdoor thermal comfort assessment [48,49], given that
outdoor thermal environment is more complicated than indoor thermal environment. Pickup et al. [45]
improved SET and proposed the index of OUT_SET for outdoor thermal comfort assessment. PMV has
been extended for application in outdoor conditions by adding solar radiation and the present modified
PMV can be used to calculate outdoor thermal comfort [50]. The above outdoor mechanical comfort
indices are commonly used; however, they have not become the international universal indices of
thermal comfort assessment because the scientific bases of PMV, PET and OUT_SET are considerably
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different. The COST Action 730 combined multidisciplinary expertise and established UTCI in 2002 [47].
The indices of PMV, PET and UTCI are considered to be suitable and exact indices to assess outdoor
thermal comfort [43], which are used by many software programs. The free version of ENVI-met can
output PMV value and has been used by several researchers. The research results show that PMV can
accurately characterize outdoor thermal comfort in a local region [6,51].

This study aimed to simulate and analyze the relationship between the four elements (i.e., building
density (% of building area), height (canyon effect), layout (building arrangement) and green ratio)
and the thermal environment in residential areas by designing various simulated cases. The key
factors affecting the thermal environment of residential area were investigated, which could provide
theoretical basis for the improvement measures of urban thermal environment from the residential
area scale.

2. Methods-Simulated Area and Configurations

2.1. Simulated Tool and Area

The simulation tool, ENVI-met Version 3.1 BETA V, is used to investigate the microclimatic
changes with building design factors. The constants of ENVI-met model are calibrated and their
simulation accuracy of Ta in Nanjing City was approximately 1.3 ◦C [22]. A numerical model requires
an initialization time and the start time of the model cannot be at noon because the model will not
be able to ‘guess’ the correct initial conditions [40]. Thus, the simulation began at 10:00 a.m. on
11 June 2016 and the simulations last for 24 h. The main input parameters of the simulation are shown
in Table 1. The simulation location is Nanjing, China. Nanjing City, one of the ‘four furnaces’ in China,
has a subtropical humid climate. The thermal environment problem has been increasingly serious
with the increase of city population. The simulated area size is 500 m × 500 m (250,000 m2).

Table 1. Definition of inputted simulation parameters.

Parameters Value

latitude and longitude of the simulated area 118.78◦, 32.08◦

Initial air temperature (K) 301.9
Albedo of building wall 0.2

Heat coefficient of building wall 0.33
Roof albedo 0.2

Heat coefficient of roof 0.33
Wind direction East wind

Soil relative humidity (%) 60
Initial soil temperature(K) 294

Wind velocity (m/s) 3
Air relative humidity (%) 50

2.2. Simulated Configurations

From the urban space utilization perspective, considerable economical values can be created in an
effective space by increasing building density and height. To investigate the effect of building density
on urban thermal environment in the residential area, six cases of building density are simulated
(i.e., 10%, 15%, 20%, 25%, 30% and 35%) with 20 m building height, 0% green ratio and determinant
building layout (Figure 1).
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Figure 1. Building density cases (a) 10%; (b) 15%; (c) 20%; (d) 25%; (e) 30%; (f) 35%. 

However, high-rise buildings cause considerable shadows and produce strong wind convection. 
Thus, the same building density with different building heights may have different effects on thermal 
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environment of residential areas at 25% building density, 0% green ratio and the determinant 
building layout. Four cases of building height are simulated (i.e., 6, 20, 40 and 60 m). Different 
building layouts affect solar radiation and ventilation. A reasonable layout can utilize the space and 
make the thermal environment of residential areas considerably comfortable. The common building 
layouts of residential areas in Nanjing City include determinant, point group and periphery type, 
which are simulated with 20 m building height, 25% building density and 0% green ratio (Figure 2). 
Green is widely assumed to have a good cooling effect. A higher green ratio indicates better 
residential thermal environment conditions. To reduce the influence of green space settings on 
simulation results, this study adopts average allocation and mixed-type green in which the allocation 
ratio of tree, shrub and grass is 1:2:4. Then, six cases are simulated to analyze their effects on thermal 
environment within the same climate conditions (i.e., ratios 1 to 6 are 0%, 10%, 20%, 30%, 40% and 
50% with 20 m building height, 25% building density and determinant building layout (Figure 3). A 
comprehensive simulation scheme with 24 cases is designed to discuss the comprehensive effects of 
building height, density, layout and green on thermal environment. Each case simulates three 
building layouts (i.e., determinant, point group and periphery type) and six greening ratios (i.e., 0%, 
10%, 20%, 30%, 40% and 50%; Figure 4). 

 

Figure 2. Building layout cases (a) determinant group; (b) point group; (c) periphery type. 

Figure 1. Building density cases (a) 10%; (b) 15%; (c) 20%; (d) 25%; (e) 30%; (f) 35%.

However, high-rise buildings cause considerable shadows and produce strong wind convection.
Thus, the same building density with different building heights may have different effects on thermal
environment in residential areas. This study analyses the influence of building height on the thermal
environment of residential areas at 25% building density, 0% green ratio and the determinant building
layout. Four cases of building height are simulated (i.e., 6, 20, 40 and 60 m). Different building layouts
affect solar radiation and ventilation. A reasonable layout can utilize the space and make the thermal
environment of residential areas considerably comfortable. The common building layouts of residential
areas in Nanjing City include determinant, point group and periphery type, which are simulated with
20 m building height, 25% building density and 0% green ratio (Figure 2). Green is widely assumed
to have a good cooling effect. A higher green ratio indicates better residential thermal environment
conditions. To reduce the influence of green space settings on simulation results, this study adopts
average allocation and mixed-type green in which the allocation ratio of tree, shrub and grass is 1:2:4.
Then, six cases are simulated to analyze their effects on thermal environment within the same climate
conditions (i.e., ratios 1 to 6 are 0%, 10%, 20%, 30%, 40% and 50% with 20 m building height, 25%
building density and determinant building layout (Figure 3). A comprehensive simulation scheme
with 24 cases is designed to discuss the comprehensive effects of building height, density, layout and
green on thermal environment. Each case simulates three building layouts (i.e., determinant, point
group and periphery type) and six greening ratios (i.e., 0%, 10%, 20%, 30%, 40% and 50%; Figure 4).
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Figure 4. Combined 24 cases.

The three indicators were used to evaluate the residential thermal environment for all simulated
configurations, which are ATa, Ta, APMV, PMV, comfort hour (CH) and extremely hot hour (EH).
PMV value is calculated by ENVI-met software, which is based on Fangers’ model [44] and extended
for outdoor conditions. This value relates the energy balance of the human body with the human
thermal impression using a straight empirical function. Normally, the PMV scale is defined between
−4 (extremely cold) and +4 (extremely hot) where 0 is the thermal neutral (comfort) value. The PMV
value is a mathematical function of the local climate; thus, it can reach also values above or below the
[−4]–[+4] values in most applications, which are off scale values in the original Fanger experimental
data [52]. Positive and negative PMV values indicate hot–warm and cold temperatures, respectively.
In this study, CH corresponds to the time length when thermal condition is considerably comfortable
and the PMV value is between −1.5 and +1.5. In addition, EH refers to the time length when thermal
condition is extremely uncomfortable and the PMV value is larger than 3.5.

3. Results and Discussion

3.1. The Effects of Building Density on Urban Thermal Environment

The ATa, APMV and EH initially decreased and then increased with the increase of building
density. At 25% building density, ATa, APMV and EH were the lowest and CH was the highest.
At 35% building density, CH was the lowest, ATa, APMV and EH were the highest. Therefore, 25%
building density possessed the optimum thermal environment by comprehensively considering ATa,
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APMV and CH (Table 2). Large building density results in the enlargement of architectural shadow
and reduction of direct solar radiation during the day, which leads to a decrease in Ta and PMV.
However, extremely large building density affects the overall ventilation of the community and delays
the cooling of the heat, which will lead to the increase in Ta and decrease in human comfort.

The effects of building density on Ta and PMV in daytime varied from these indicators during
night time (Figure 5). During the day, Ta and PMV initially decreased and then increased with the
increase of building density, whereas the opposite was true during night time. APMV showed two
peaks during the day at approximately 10:00 a.m. and 3:00 p.m. Minimum PMV occurred around noon.
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Figure 5. The effects of building density on Ta, PMV during 24 h (a) the effects on Ta, (b) the effects
on PMV.

Table 2. The effects of building density on ATa, APMV, CH and EH.

Building Density 10% 15% 20% 25% 30% 35%

CH (h) 14 14 14 15 13 12
EH (h) 3 3 2 1 3 4

ATa/◦C 28.3 28.2 28.1 27.8 28.0 28.7
APMV 1.86 1.53 1.45 1.11 1.92 1.98

3.2. The Effects of Building Height on Urban Thermal Environment

As the height of the building increased, ATa and APMV decreased gradually, CH gradually
increased and EH gradually decreased. ATa decreased by 0.6 ◦C, APMV declined by 0.61, CH extended
by 4 h and EH decreased by 2 h with building height from 20 m to 60 m (Table 3). The variation trend
of APMV was consistent with ATa.

Furthermore, the effects of building height on Ta and PMV were consistent during day and
night time (Figure 6). Thus, building height was negatively related to Ta and PMV in residential area.
This finding is mainly caused by the gradual increase of shadow area in residential areas and the
decrease of the direct acceptance of solar radiation energy with the increase of building height. At the
same time, high-rise buildings improve the ventilation conditions of residential areas.

Table 3. The effects of building height on thermal environment.

Building Height 6 m 20 m 40 m 60 m

CH (h) 12 14 14 16
EH (h) 3 2 1 1

ATa/◦C 28.3 28.1 28.0 27.7
APMV 1.40 1.11 1.03 0.81
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Figure 6. The effects of building height on thermal environment during 24 h (a) the effects on Ta, (b) the
effects on PMV.

3.3. The Effects of Building Layout on Urban Thermal Environment

The peripheral layout had the lowest ATa and APMV. The point group layout had the highest ATa
and APMV and the determinant layout was in the middle among the three layouts (Table 4). The point
group and determinant layouts had a positive effect on CH and they exhibited an increase on EH.
This result is mainly caused by the blocking of air flow in the stimulated area by the two above layouts.
Moreover, the air in the high-temperature period cannot be updated in a timely manner, which resulted
in the extension on EH.

The ATa and PMV of the three layouts presented the same trend, that is, increasing slowly after
7:00 a.m., reaching maximum at 3:00 p.m. and then declining gradually (Figure 7). In comparison
with the determinant and point layouts, the peripheral layout exhibited its own unique characteristics.
The Ta and PMV of the peripheral layout were higher than those of the determinant and point group
layouts at night but lower in daytime. Furthermore, the ATa and APMV of the determinant layout were
lower than those of the point group layout during daytime and night time; because solar radiation was
not easily exposed to the buildings in the peripheral layout in daytime and the heat inside the building
group was not easily emitted at night. Different building layouts affect solar radiation and ventilation
of communities. A reasonable layout should utilize space and make the thermal environment of
residential areas considerably comfortable.
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Figure 7. The effects of building layout on thermal environment during 24 h (a) the effects on Ta, (b) the
effects on PMV.
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Table 4. The effects of building layout on thermal environment.

Building Layout Point Peripheral Determinant

CH (h) 10 9 10
EH (h) 9 7 9

ATa/◦C 28.7 28.1 28.4
APMV 1.21 1.09 1.13

3.4. The Effects of Green on Urban Thermal Environment

Generally, ATa and APMV declined, EH decreased and CH increased with the increase of green
ratio in residential areas. This condition is caused by the transpiration, shielding and reflection
characteristics of vegetation, which reduce the reception of solar radiation capability in the surrounding
environment. At the same time, the transpiration of vegetation consumes considerable heat and reduces
the temperature in residential areas. However, in this study, PMV per hour from 0:00 a.m. to around
7:00 a.m. was inversely proportional to green ratio due to the increase of green ratio and the decrease
of wind speed in the residential area, which led to the increase in PMV(Figure 8).

The EH in the residential area decreased from 9 h to 7 h, CH increased from 11 h to 13 h and ATa
decreased by 1 ◦C and PMV dropped 1.29 with the increase of green ratio from 0% to 50%. Green ratio
increased by 10% from 10% to 50%, the average drop of ATa was 0.2 ◦C, EH was 0.4 h, CH was 0.4 h
and PMV was 0.26. However, the green ratio increased from 30% to 40%, ATa decreased by 0.3 ◦C,
EH decreased by 1 h, CH increased by 1 h and PMV decreased by 0.53. Furthermore, when the green
ratio increased from 30% to 40%, ATa and APMV decreased most (Table 5).

Table 5. The effects of green ratio on thermal environment.

Green Ratio 0% 10% 20% 30% 40% 50%

CH (h) 11 11 12 12 13 13
EH (h) 9 9 9 9 8 7

ATa/◦C 29.2 29.0 28.9 28.7 28.4 28.2
APMV 2.33 2.31 2.14 1.99 1.46 1.04

1 

 

 

Figure 8. The effects of green ratio on thermal environment during 24 h (a) the effects on Ta, (b) the
effects on PMV.
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3.5. The Combined Effects of Building Density, Height, Layout and Green Ratio on Urban Thermal Environment

The effects of building height, density, layout and green ratio on thermal environment in
residential areas are interactive. The relationships between building density and thermal environment
of residential areas were affected by building height. The Ta and PMV were the lowest (day time) for
building height lower than 60 m at 25% building density and for 60 m building height at 20% building
density (Figure 9).

The relationships between building height and Ta were also affected by building density.
If building density was lower than 25%, there was lower ATa in higher buildings. Because the
wind speed will increase and there are more shadows with higher buildings and then Ta decreases.
By contrast, if building density was greater than 25%, there was higher ATa in higher buildings.
Because air circulation is greatly affected and Ta reduces in high buildings with greater density, though
more shadows are produced. However, the interactions between building height and density had little
significant effects on PMV probably. The higher buildings indicated greater impacts of building density
on Ta and PMV. For the 60 m building height, ATa and PMV increased by 1.2 ◦C and 0.15 from building
density of 25–35%, respectively. For 6 m building height, ATa and PMV increased by 0.1 ◦C and
0.003 from building density of 25–35%, respectively. The relationships among building density, Ta and
PMV during night time are opposite to daytime. Therefore, this study mainly discussed the interactions
of building density, height and thermal environment during daytime in the residential areas.
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Figure 9. The interactive effects of building density, height on thermal environment (a) the effects on
Ta, (b) the effects on PMV.

The improved effects of green on thermal environment in residential areas were also affected by
building height and density (Figures 10–13). If the green ratio increased from 10% to 50% for 10%
building density, ATa and PMV decreased by 0.6 ◦C and 1.19, respectively. ATa and PMV decreased by
0.9 ◦C and 1.51, respectively, for 35% building density. If the green ratio increased from 10% to 50%
for 6 m buildings, ATa and PMV decreased by 1.4 ◦C and 0.8, respectively. ATa and PMV reduced by
0.9 ◦C and 0.48 for 60 m building, respectively. Thus, if the same green area was added, there would be
poorer improvement effect of green on thermal environment in residential areas with higher building
height and less density. Building layout had minimal influence on the relationships among building
height, density, green ratio and thermal environment.
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25% building density.

3.6. Uncertainties Associated with the ENVI-Met Model Solution

The ENVI-met software package was developed at regions with a high latitude and cold climate
in the beginning and it is required to be validated for tropical and subtropical regions. It has been
validated in Nanjing city and results showed a good agreement between measurement data and
simulated results [22]. All cases in this study were simulated based on the validated ENVI-met model.
However, that study [22] only considered the impact of a green pattern which cannot be seen as
completely analogue to the cases studied in this work. Because this study is more about the impact of
buildings on thermal environment, which maybe introduces a certain level of uncertainty to the results
presented in this work. In order to solve this uncertainty, it is important to interpret the simulated
results in an appropriate way. As the uncertainty associated to building density, height and layout for
a certain case is expected to be higher or lower, we will primarily focus on the general change trends
that show up from the multitude of studied cases rather than on individual results. We believe that the
simulated results presented in this work do have a valuable role: we are able to make a fair analyze
of what influence of building design elements there were on the thermal environment in residential
areas at least from a quantitative point of view. However, further studies to support and confirm our
findings are necessary.

4. Conclusions

This study simulated the relationships among building density, height, layout, green ratio and
city microclimate by ENVI-met to investigate the effects of these factors on the thermal environment of
residential areas quantitatively. The conclusions are summarized as follows.

The ATa and APMV in residential areas initially decreased and then increased when the building
density ranged from 20% to 50%. The 25% building density obtained the lowest ATa and APMV.
As the building height increased from 20 m to 60 m, ATa decreased by 0.6 ◦C, APMV declined by 0.61.
Peripheral layout had the lowest ATa and APMV, followed by determinant and point group layouts.
Compared peripheral layout with point group layout, the former is 0.6 and the PMV is 0.12 lower than
that of the latter. Green ratio improved the thermal environment of residential areas. The green ratio
increased from 0% to 50% with a 10% step, the ATa and APMV decreased gradually. However, when
the green ratio increased from 30% to 40%, ATa and APMV decreased most.

The relationships between building density and thermal environment in residential areas were
affected by building height. Ta and PMV were the lowest (day time) for 25% building density if
building height is lower than 60 m but for 60 m building height, Ta and PMV were the lowest for
20% building density. The effects of green on thermal environment were also affected by building
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height and density. If the green ratio increased from 10% to 50% when building density was 10%,
ATa and PMV decreased by 0.6 ◦C and 1.19, respectively. ATa and PMV decreased by 0.9 ◦C and 1.51,
respectively, for 35% building density. If the green ratio increased from 10% to 50% when building
height was 6 m, ATa and PMV decreased by 1.4 ◦C and 0.8, respectively. ATa and PMV reduced
by 0.9 ◦C and 0.48 for 60 m building, respectively. Building layouts had minimal influence on the
relationships among building density, height, green ratio and thermal environment of residential areas.

The daytime effects of building density, layout and green ratio on the thermal environment
in residential areas varied from these factors during night time. In daytime, Ta and PMV initially
decreased and then increased with the increase of building density. This condition was opposite
during night time. Ta and PMV of the peripheral layout were lower than those of the determinant
and point group layouts in daytime but higher at night time. Furthermore, the ATa and APMV of the
determinant layout were lower than those of the point group layout during daytime and night time.
No difference was found about the effects of building height on Ta and PMV between daytime and
night time. These research results could provide theoretical guidelines for the improvement of urban
thermal environment in the residential area scale.

The main contributions of this study are as follows. Firstly, the relationships among building
density, building height, building layout, green ratio and thermal environment in residential areas
have been investigated. Secondly, the thresholds of some effect factors that can better reduce the ATa
and APMV values in residential areas, such as 40% green ratio and 20% and 25% building density,
have been determined. Finally, the comprehensive effects of building density, building height, building
layout and green ratio on the thermal environment of residential areas have been discussed. The above
results can provide theoretical guidance for the improvement of residential thermal environment.

In future researches, some issues should be further explored. (1) The relationships among building
density, building height, building layout, green ratio and thermal environment of residential areas will
be investigated for different climate zones. (2) Better indicators, such as Ta, surface land temperature,
mean radiant temperature and thermal comfort, should be identified to characterize the thermal
environment of residential areas more accurately. (3) How anthropocentric heat affects the outdoor
thermal environment in residential areas should be further investigated. (4) More suitable outdoor
thermal comfort indices should also be compared to analyze their adaptability and sensibility.
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Abbreviations

Ta air temperature
ATa average air temperature
PMV predicted mean vote
APMV average predicted mean vote
UHI Urban heat island
SVF sky view factor
H/W building aspect ratio
CH comfort hours
EH extreme hot hours
WBGT wet bulb globe temperature
SET standard effective temperature
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OUT_SET outdoor standard effective temperature
PET physiological equivalent temperature
UTCI universal thermal climate index
PPD predicted percentage of dissatisfied
H/W height/width
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