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Abstract: Temperature and humidity are essential factors in analyzing a building’s thermal perfor-
mance. This research presents the differences in field measurements of vernacular houses in coastal
and mountain areas in Indonesia. Field measurements were taken for five consecutive days in four
vernacular houses. The variables were measured at the beginning and at the peak of the rainy season.
Analysis included a combination of graphic and descriptive methods. The research results show
that the location difference between coast and mountain results in a relatively high difference in
temperature (43.6%). The outdoor temperature in the mountain area is lower than that of the coastal
area. The outdoor humidity of the mountain area is 0.69% higher than that of the coastal area. In the
tropical coastal area, the outdoor temperature of the exposed-brick house is 0.94% lower than that of
the coastal wooden house. The outdoor air humidity of the brick house is 0.89% higher than that of the
coastal wooden house. In the tropical mountain area, the outdoor temperature of the exposed-stone
house is 2.47% lower than that of the wooden house. The outdoor air humidity of the stone house is
0.4% lower than that of the wooden house. The outdoor conditions affect the indoor conditions of the
respective houses. These microclimatic differences are influenced by micro-environmental factors,
such as the density of surrounding buildings, amount of vegetation, and shading. The research
shows that height difference is the most dominant factor influencing outdoor microclimate. Regional
microclimate becomes the basis for determining the most suitable envelope materials in different
areas. The innovative contribution of the work is, among other benefits, the identification of factors
that influence the wellbeing of the buildings’ users in the researched geographical area and the
analysis of the interaction of the external and internal environment of buildings. From the above facts,
it follows that the results of this work can contribute to the development of prediction models to
determine the type of cover, material, shape, and load-bearing elements needed to create comfortable
and energy-efficient buildings.

Keywords: environmental elements; building envelope; outdoor microclimate; vernacular houses;
tropical coastal; mountain areas

1. Introduction

The technological progress of society has far-reaching consequences, and the global-
ization process significantly affects the state of the environment [1–5]. The construction
industry contributes enormously to environmental degradation [6]. This means that sus-
tainable construction is one of the main areas that can help address the global problem
of climate change and contribute to sustainable global development [7,8]. Many studies
focus on sustainable architecture and urbanism, integrated territorial development, the
use of energy-efficient technology, heat loss reduction in buildings, etc. Less attention is
dedicated to the topic of environmentally suitable construction materials. It is impossible to
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achieve environmentally suitable construction without using ecological materials and prod-
ucts with a low carbon footprint [9], low emissions of hazardous substances, and higher
biological stability. The trend of sustainable solutions is irreversible and unstoppable, as
evidenced by much research in areas of interest focused on not only the biosphere [10–12]
and energy [13,14], but also in industry and economic areas of life [15–19].

Global warming changes the microclimate, which creates discomfort in buildings.
Energy wastage will occur when there is discomfort in the building [20,21]. Environmental
elements around the building influence the comfort of the building. The arrangement of
environmental elements can make changes to the microclimate [22,23]. The environment of
the building affects the microclimate in the building. Determining the scope of the building
can create a microclimate in different buildings [24,25].

Buildings serve to create comfort for humans. One example of comfort needed by
humans as building occupants is thermal comfort. Building assessment is, in creating
its occupant’s thermal comfort, known as building thermal performance. Natural factors
and elements influence building thermal performance. The natural or environmental
factors primarily used in thermal performance assessment are temperature and humid-
ity. Temperature and humidity have an essential role in determining building thermal
performance. Building elements that may become building performance indicators are
geometry, wall, roof, floor, orientation, shading, windows, building material, lamps, and
other elements. Building thermal performance is thermal comfort assessment of the build-
ing, while occupant-oriented assessment is known as active thermal comfort. The research
of active thermal comfort employs an objective measurement and data collection. In data
collection, four thermal variables are used: air temperature, air humidity, wind speed,
and globe temperature [26]. A combination of the active thermal comfort and the thermal
performance will perfect the achieved thermal comfort.

The research of air temperature and humidity is essential since many things may
happen because of a place’s poor temperature and humidity, as they influence indoor air
quality. Excessive humidity and temperature will make viruses live and cause disease [27].
Considering the importance of the two variables, temperature and humidity are used
as variables to measure the quality of indoor conditions according to Environmental
Assessment Methods of Buildings (EAMBs) [28]. Air temperature and humidity may
also be used during the discussion of wind flow in an elongated building, such as a
subway [29]. In addition to air temperature, another type of temperature, such as wall
surface temperature, may also be used to examine building passive performance [30].

Temperature and humidity measurements are also performed to examine the perfor-
mance of historic buildings’ energy performance. Research of historic buildings’ energy
performance faces constraints during simulation for improvement due to materials, geome-
try, structure, and artwork needing to be preserved. Energy performance is used with field
measurement and then simulated using software, such as EnergyPlus and DesignBuilder
4.7.027. The research results show that the combination of field measurement and simu-
lation using the software may allow the conservation of buildings. The basis of thermal
comfort employs the predicted mean vote (PMV) theory. The research results also show
that by controlling temperature and humidity, risk of biological damage will be eliminated.
Temperature and humidity control must be performed a minimum of 12 h daily [31].

Temperature and humidity serve as variables to support the state-space model (SSM)
method. The basis of thermal comfort used is the PMV (predicted mean vote) theory.
Applying the thermal comfort prediction model and the SSM method may help when
establishing building automation and control (BAC). The research employs processed field
measurement and thus produces a mathematic model [32]. The model is developed to
generate energy-saving through the achievement of thermal comfort. One of the models is
the central model (nodal model). The nodal model is built through the heat transmission
effect of the building envelope. The nodal model can predict the vertical temperature
profile. The research method used is field measurement. The analysis is conducted using a
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mathematic model [33]. The prediction to determine the temperature profile indicates that
temperature is vital in building thermal performance analysis.

Building performance improvement is being continuously developed. One of the
performance evaluation methodologies (PIS) is based on the architectural typology of
buildings. The PIS includes the year of construction, basic shape, building orientation,
floor area, building structure, number of floors, and energy sources of cooling and heating.
The performance measurement employs temperature and humidity variables. The PIS is
built on the basis of correlation analysis. Field measurement was conducted on 304 houses.
The research results rank which factors are most influential factors: floor area, basic shape,
number of floors, energy sources of cooling and heating, year of construction, building
structure, and building orientation [34]. Thermal comfort research has also included build-
ings with photovoltaic (PV) roofs. The research in Morocco was conducted by measuring
building outdoor temperature. Different PV capacities and shapes will generate different
outdoor building temperatures [35].

With the development of thermal comfort, researchers have started to use informa-
tion technology to fill in thermal sensation questionnaires. The thermal research uses a
combination of objective thermal comfort assessment with data logging while simultane-
ously gathering subjective thermal comfort data by an assessment available on personal
smartphones. So far, 1525 sensations of adaptive thermal comfort have been recorded at
homes and offices. Temperature and humidity variables are the main factors in objective
measurement. The research results show that people at home are more adaptive than those
at the office since people at the office cannot easily set up their room due to coworkers’
rights [36].

Energy-saving is a point in architectural research and thermal comfort. The effects
of global warming add to the importance of research in architecture and thermal comfort.
Global warming makes the microclimate of an area hotter. The changing microclimate
makes buildings need to adapt to the environmental microclimate. The shape and type of
building enclosure are essential in creating the thermal comfort of the building. The scope
of the building will make the microclimate of the environment outside the building muted
so as not to make the space inside the building hotter. The most influential microclimate
attributes that cause thermal discomfort are air temperature and humidity. Nonstandard
air temperature and humidity in the room will make the space in the building unhealthy.
The scope of the building and environmental elements will impact the microclimate of the
environment, both outside and inside the building.

Many studies discuss aspects of environmental elements, building scope, and micro-
climate in one discussion. The three aspects are interrelated, so it is necessary to show how
they are related to the building. Architectural research also emphasizes the physical form
of the research object. Vernacular residential houses are one of the types of objects that
are still being developed in architecture because they are expected to become sustainable
architecture. The location of the object is two areas with a relatively significant difference
in microclimate. Taking vernacular houses in mountainous and coastal areas as research
objects is one of the novelties in architectural research.

From the point of view of preserving the architectural and cultural heritage, it is
extremely important to take into account the aspects affecting the buildings as well as the
surrounding environment. The main factors that determine the state of cultural and other
monuments are: external climate influences, protection, restoration, and maintenance [37].
These factors need to be assessed and, based on detailed analyses, adapted to the state of
monuments so that they are preserved for future generations in line with the sustainability
trend. An important view from the point of view of the economic pillar of sustainability
is also the influence of aspects influencing the price of housing. For example, if buildings
have a negative environmental impact, their price may be significantly negatively affected,
which ultimately reduces the economic performance of such buildings [38]. Therefore, it
is important to address these aspects in the future to increase the economic performance
of buildings.
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The novelty in this research is the combination of environmental elements, building
envelopes, and thermal variables in vernacular residential houses in the coastal and moun-
tainous tropics. Research on vernacular dwellings in the mountains and the coast will
lead to a sustainable building environment and energy savings in the tropics. Finding
cheap local scopes will help procure housing for the poor in the tropics. The science that
is found will create prosperity for humans. The research findings will apply in other
areas with tropical climate characteristics, primarily coastal and mountainous areas. The
findings of environmentally friendly enclosures that can create thermal comfort will bolster
architectural science and energy savings. This work will explain the relationship between
environmental elements, building environment, and microclimate in vernacular houses
in mountainous and coastal areas. The work will find out what factors enter into these
three aspects. This research aims to examine how environmental elements and building
envelopes influence the outdoor microclimate surrounding a house.

2. Materials and Methods

Methods that are often used in research on thermal comfort and architecture are
primarily quantitative. Research with qualitative methods combined with quantitative
methods has not been widely carried out. The combination of methods will be one of the
novelties in thermal and architectural comfort research. The qualitative method is carried
out using observation and documentation (Figures 1–12). Quantitative methods are carried
out by measuring climate variables.

The research was conducted in tropical coastal and mountain areas. The measurements
were conducted on two tropical coastal houses and two tropical mountain houses. The
two sample houses were determined based on a previous morphological study. The mor-
phological study results found that vernacular houses in coastal areas have non-plastered,
exposed-brick walls and wooden walls. Vernacular houses in mountain areas have non-
plastered, exposed-stone walls and wooden walls [30]. The climatic conditions in the coastal
tropics (Demak Regency, Indonesia) have high air temperatures ranging from 24–33 ◦C,
air humidity ranging from 5–95%, average rainfall of approximately 300 mm, and wind
speeds between 8.2–12.5 km per hour. Tropical mountainous areas (Wonosobo Regency,
Indonesia) have air temperatures ranging from 18–24 ◦C, but at certain times in the Dieng
Wonosobo plateau, the lowest air temperatures range from minus 5 ◦C to 4 ◦C. At that
time, it was known by the people of Wonosobo as “bun upas”. The average humidity in
Wonosobo ranges from 10–100%, and the average rainfall is 296 mm; the wind speed is
between 7–11 km per hour.

In architecture, in-depth observations of residential houses can be performed by
observing and making three-dimensional drawings of a few places. This research examined
four types of vernacular houses with different wall materials in coastal and mountain
areas. The choosing of the four houses was based on the results of previous research in
several mountainous and coastal regions in central Java. The four research objects met the
requirements for the representation of vernacular houses in coastal and mountain areas
because the four types of vernacular houses are the types of vernacular houses found on
beaches and mountains.

The research was conducted by measuring the temperature and humidity variables of
outdoor space, terrace, living room, and kitchen on an hourly basis. The measurement was
conducted for five days from 06.00–22.00 WIB at the beginning of the rainy season and in
the middle of the rainy season. Both houses were measured simultaneously at the exact
same location each time. Measurement of thermal variables was carried out for five days at
the beginning of the rainy season and five days in the middle. The research was focused on
the rainy season, which is divided into the early and mid rainy season. The determination
of measurements for five days was based on the phenomenon that there was a possibility
of thermal variations within five days. The data obtained from measurements for five days
were averaged to 1 day to obtain results that could show data every hour. The data show
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the thermal variables in the morning, afternoon, evening, and night. Data was collected
from 06.00 am–10.00 pm according to the time the residents were active.

A thermohygrometer (humidity/temperature datalogger RHT 20/Extech/USA) was
used to measure temperature and humidity. The thermal device used has a measurement
range of air temperature between minus 40–85 ◦C, with data accuracy for an air tempera-
ture of ±0.6 ◦C. The air humidity measurement ranges from 0–99.9%, with an air humidity
measurement accuracy of ±3%. The measurement point was in the middle of the room
at a height of 1.1 m. The measurement data are taken three times per hour. The three
collections were averaged to provide an accurate result. The environmental and building
measurements were recorded, documented, and presented in 3-dimensional figures. Docu-
mentation was added with overhead views using a drone. The environmental elements
documented included vegetation, building density, waterways, pools, and other elements
surrounding the houses. Building elements included orientation, building shape, building
envelope, ventilation, material, and other elements inside the houses. The data obtained
per residential house were air temperature and humidity and elements that affect air tem-
perature and humidity. An analysis was conducted using graphics, three-dimensional
figures, and description methods. The description led to the qualitative method, which
disclosed the reasons for existing differences. Qualitative data analysis was carried out by
describing data on air temperature and humidity and their association with elements of
the building environment that affect these two variables. The description was based on
observational data. The qualitative method will be the basis, in conclusion, for making
strategies to create thermal comfort in the sample houses [39,40].

2.1. Specifications of the Subject of the Research

The building form of the four research objects is rectangular. The houses extend from
front to back. The exposed-brick house on the beach is 8× 12 = 96 m2; the wooden house on
the beach is 7 × 13 = 91 m2; the exposed-stone house on the mountain is 8 × 13 = 104 m2;
the wooden house on the hill is 7 × 9 = 63 m2. The exposed-brick house on the beach
has a terrace (16 m2), living room (12 m2), two bedrooms (12 m2), family room (15 m2),
kitchen (12 m2), and backyard (17 m2). The wooden house on the beach has a terrace
(28 m2), living room, three bedrooms (12 m2), family room (12 m2), and kitchen (15 m2).
The exposed-stone house on the mountain has a living room (48 m2), two bedrooms (12 m2),
a stable (8 m2), and a kitchen (24 m2). The wooden house on the mountain has a living
room (21 m2), two bedrooms (9 m2), and a kitchen (24 m2).

The thickness of the brick wall is 0.11 m, the stone wall 0.15 m, and the wood 0.03 m.
The windows in the exposed-brick house on the beach are not very many. The front of the
building has windows that cannot be opened. The left side of the building has windows
that are often opened. The windows are 0.50 × 0.30 m. The right side of the building
also has windows of the same size. The wooden house on the beach has glass windows
on the front of the house that can be opened. The wooden house on the beach also has
wooden windows on the side of the house. The size of the wooden windows on the side
is 0.60 × 0.40 m. The exposed-stone house in the mountains only has a window in front
of the house. The window can be opened, but it is not often opened because of the cold
air. The wooden house in the mountains has windows on the front front and side, but the
windows are also not opened often.

The exposed-brick house on the beach houses four people: a father, mother, and two
sons. The occupants of the wooden house on the beach consist of four people: a father,
mother, one son, and one daughter. The occupants of the exposed-stone house in the
mountains consist of four people: a father, mother, and two sons. The occupants of the
wooden house in the mountains consist of four people: a father, mother, and two sons.

For both the exposed-brick and wooden houses, residents in the coastal areas often
do leisure activities on the terrace while chatting. Occupants in the stone house in the
mountains and in the wooden house in the hills often warm up with a fire stove in the
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kitchen. Every morning and evening, the residents gather in the kitchen to boil water and
warm up.
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2.2. Environmental Elements Surrounding Buildings

In the study of the literature, it was found that one factor which mainly influences
microclimate is vegetation density. In the coastal brick-house environment, the vegetation
is quite dense. The vegetation occupies almost the whole west side and north side of
the house, while in the wooden-house environment, there is not much vegetation. There
are only a few plants on its west side. The vegetation density cannot be viewed except
at a close distance. The microclimate is influenced by the vegetation of an area with a
relatively wide range. In terms of nearby vegetation density, there seems to be a relatively
big difference between the coastal exposed-brick house and the coastal wooden house.
There is no vegetation around the mountain exposed-stone house and wooden mountain
house, but the village is mainly filled with shady vegetation and crops. The mountain
exposed-stone house is closer to the vegetation area than the wooden house.
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In addition to vegetation, building density is a factor to determine the microclimate,
particularly the wind speed factor. The wind will be blocked if the buildings are too dense.
The denser the buildings, the more difficult it is for the wind to move. Thus, it will not flow
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around the building. In the coastal exposed-brick-house environment, the surrounding
buildings are not dense. There is a relatively wide distance between the sample house
and surrounding houses. In the coastal wooden-house environment, the distance between
buildings is close. Free space is only at the front of the house, which is the main street.
There is a distance between buildings in the mountain exposed-stone and wooden house
environment, and accessible spaces are only on certain sides. The back part is agricultural
land in the mountain exposed-stone-house environment, while the wooden mountain
house has a relatively wide frontcourt.

The topography of the sample houses in both areas has prominent differences since
they are located on the coast and mountain. The coastal location is flat and on low land,
while the mountain location has steep topography since it is located on the slope of a
mountain. This topographic difference causes a relatively significant difference in micro-
variables, since every 100 m a.s.l. of height increment will decrease air temperature by
0.6 ◦C. In the sample location, the height of the coastal house location is 0–100 m a.s.l., while
the height of the mountain house location is 1300–1400 m a.s.l. The topographic difference
between sample houses in one location is not high; thus, the topographic discussion is
made for each location instead of each house.

An environmental element that is not noticeable but has a relatively significant impact
is collections of water, such as waterways or pools around the house. Water can impose a
cooling effect. Many water elements around a house will cause a cooler microclimate. The
exposed-brick-house environment is full of water, both seawater and coastal flooding in the
pool in front of the house. There is not much water around the coastal wooden house—only
at its northern side due to coastal flooding. In coastal locations, the coastal flood disturbs
the occupants. In the mountain exposed-stone and mountain wooden houses environment,
there are no noticeable water elements. The cool air temperature due to the topographic
difference makes the occupants avoid water elements. In mountain houses, the occupants
often light a fire on the frontcourt to warm their bodies.
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2.3. Building Element

Building elements also influence the microclimate around and inside the building.
Some of the building elements are building shape, building envelope, material, ventilation,
and building orientation. Different building shapes will cause different air circulation, but
the difference was not noticeable in the sample houses. All of the houses have a rectangle
shape. The difference was noticeable with the building envelope material between one
location and the other. In the coastal location, the roof is roof tile, which is made of
clay, while in the mountain location, the roof is iron sheeting, which is made of metal.
Both materials have different heat absorption properties. Roof tile can absorb heat, while
iron sheeting can transmit heat. The materials used are appropriate to the microclimate
condition in the mountain area, which tends to need heat. Likewise, the coastal area tends
to be hot. Thus, the roof should be able to absorb heat in order to lower temperature of
the microclimate.
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The building walls are made of different materials. In the coastal location, the exposed-
brick wall is made of clay, which may absorb heat, while in the mountain location, the
exposed-stone wall may deliver heat. However, there are also houses with wooden material
in both locations. Wood is a material considered able to adapt to different conditions.
Besides material, building orientation is also a factor that influences the indoor microclimate.
Building orientation is related to sunlight intensity. The sun rises in the east and sets in
the west; thus, any rooms which need morning sunlight should be directed to where the
sun rises. This direction is related to the occupants’ health and the creation of occupants’
thermal comfort. Health is closely related to good air circulation. The sample houses do
not have excellent air circulation, as ventilation is not optimized. The exposed-brick house
has ventilation available only on the east side, while the other sides cannot be ventilated
because the windows are half-finished. In the wooden house, ventilation is not provided
because of the floor elevation for the coastal flood. Sources of ventilation are permanently
closed. In the mountain exposed-stone and wooden houses, ventilation is intentionally
cut off because of the cool microclimate. Ventilation is an influential factor in creating air
circulation for achieving thermal comfort [41].
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3. Results and Discussion

The environmental elements and building envelope are variables that are closely
related to building microclimates. This research is limited only to vernacular house envi-
ronments in coastal and mountain areas. Previous study results explained that vernacular
houses in the coastal areas consist of exposed-brick and wooden houses. In contrast,
vernacular houses in mountain areas consist of exposed-stone and wooden houses.

Microclimate is an essential element in a building performance discussion. Microcli-
mate is important for architectural planning [42]. The environmental element discussion is
related to the building envelope elements, including envelope material, envelope shape,
and building geometry. Environmental, climatic elements that affect air temperature in-
clude the duration of sunlight, cloud conditions, altitude, wind flow, and ocean currents.
The duration of sunshine in the coastal area is longer than in the mountain area. The
coastal brick house has quite dense vegetation, meaning the sun does not shine so much
on the house. Sunlight is blocked by vegetation around the house. Cloud conditions in
coastal areas are not as thick as in mountainous areas. The brick and wooden houses on
the coast do not have different cloud conditions because they are not very far away. The
distance between the two houses is only about 300 m. The altitudes of the coastal brick
and wooden houses are also not very different (even though the brick house has had floor
height added, the changes are not extreme). The wind flow in the coastal brick house is
not too big because it is blocked by vegetation surrounding buildings and narrow roads.
Ocean currents are another factor that have a considerable influence on air temperature in
coastal areas.
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is quite strong. The yard of the wooden house is wide enough that the wind can move 
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The wooden coastal house does not have lush vegetation. The sun’s rays can illuminate
the wooden house freely. The conditions of clouds, ocean currents, and the altitude of the
coastal wooden house area are not much different from the coastal brick house. The wind
flow in the wooden coastal house is faster than in the coastal brick house. Around the
wooden coastal house, there are not too many obstacles and there is a wide road in front of
the house. The wind can blow freely.
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The stone mountain house does not obtain much sunlight because the location of the
rocky mountain house is located in a mountainous region. The sunlight in the mountain
area does not last long because clouds cover it. Cloud conditions in mountainous areas
are thick enough to affect the air temperature at the location. Mountains are a location
that is high enough to affect the air temperature. The mountain stone house is located in
Gunung Alang Village, with a height of more than 1000 m. The wind flow in the stone
mountain house environment is blocked by the surrounding houses and trees behind the
house. However, there are no obstructions to the right and left of the building, so the
wind flow is relatively large through the right and left of the building. Ocean currents in
mountainous environments have little effect on the microenvironment.
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Figure 7. Mountain stone-house environment.

There is no vegetation in the mountain wooden-house environment, so the wind flow
is quite strong. The yard of the wooden house is wide enough that the wind can move freely.
The duration of sunlight, cloud conditions, altitude, and ocean currents in the wooden
mountain house environment is the same as the mountain stone-house environment. The
distance between the wooden mountain house and the mountain stone house is about
200 m, so the factors related to regional conditions are not much different.
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Air humidity is influenced by air pressure, air temperature, quantity and quality of
sunlight, water availability, wind movement, and vegetation. The air pressure in the coastal
brick and coastal wooden houses is not much different because they are both located in
the coastal area and not far away from each other. The air pressure of the mountain stone
house and the mountain wooden house is also no different. The air pressure on the coast is
different from the mountain due to the difference in altitude. The air temperature in the
two regions is different, while the difference in air temperature in the two houses in one
area is not much different. However, there is a slight difference due to vegetation factors,
sunlight quality, water availability, and wind flow.

The climate variable patterns are not so much different in both seasonal periods. The
outdoor air temperature in the coastal locations is far different from that of the mountain
locations. According to the air temperature increment theory, if one place is higher than
another, the height difference seems to dominantly influence the thermal variable. The
vegetation density over an extensive area is based on location. The mountain location
has dense vegetation in the village area. The narrow area around the house does not
significantly influence the climate variables.
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Figure 9. Average outdoor air temperature throughout 5 days of measurement: (A) at the beginning
of rainy season; (B) during rainy season.

The air temperature of both locations seems to be significantly different. In the coastal
location, the maximum air temperature is about 32 ◦C, while in the mountain location, the
maximum air temperature is about 24 ◦C. The average air temperature in the coastal location
is about 28.45 ◦C, while in the mountain location it is 19.74 ◦C. In the case of percentages,
the temperature of the mountain location is 43.6% lower than that of the coastal location.
According to the location height increment theory, the difference in altitude will influence
the air temperature. The microclimate around the sample houses is not the same, but
not much different. Factors that cause this difference are existing vegetation differences
surrounding the houses, building density, and shape, which cause the difference in the
movement of climate and sunlight intensity variables.
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rainy season, (B) during rainy season. 

The indoor air temperature in the mountain stone and wooden mountain houses is 
not much different from outdoor air temperature. The lowest value is close to 25°C. The 
highest indoor temperature in both houses is different from the highest temperature 
outside. The difference reaches about 2°C. In mountainous areas, it indicates that the 
building’s enclosure does not affect the air temperature when the air temperature is low. 
When the air temperature is high, the enclosure has a significant effect on decreasing the 
air temperature. The air temperature in the coastal area has the opposite behavior. At high 
air temperatures, the enclosure has no effect, while at low air temperatures, the enclosure 
affects air temperature. 

 

Figure 10. Average outdoor air humidity throughout 5 days of measurement: (A) at the beginning of
rainy season; (B) during rainy season.

The variation of outdoor air humidity of the four houses seems to be significantly
different, particularly in the mountain location. At the beginning of the rainy season, the air
humidity is still influenced by the dry season. Thus, the air humidity is not high yet. This
is different from the high air humidity during the rainy season. Air humidity is a factor
easily influenced by environmental elements.
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Figure 11. Average indoor temperature throughout 5 days of measurement, (A) at the beginning of
rainy season, (B) during rainy season.

The indoor air temperature in the mountain stone and wooden mountain houses
is not much different from outdoor air temperature. The lowest value is close to 25◦C.
The highest indoor temperature in both houses is different from the highest temperature
outside. The difference reaches about 2◦C. In mountainous areas, it indicates that the
building’s enclosure does not affect the air temperature when the air temperature is low.
When the air temperature is high, the enclosure has a significant effect on decreasing the
air temperature. The air temperature in the coastal area has the opposite behavior. At high
air temperatures, the enclosure has no effect, while at low air temperatures, the enclosure
affects air temperature.
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conducted by comparing photos of buildings with different vegetation by surveying 
public preferences [43]. The type of vegetation and the height of the vegetation also affect 
the appearance of the building. The vegetation of the exposed-stone house is composed 
of many types of plants, and the height exceeds that of the house. The resulting impression 
is different from the wooden house on the coast, which only has low vegetation. Different 
types and heights of vegetation produce different views [44]. The appearance of the 
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use wooden building materials with high sustainability values. The impression obtained 
from the appearance of the building is that it looks like a temporary house, in contrast to 
the exposed-stone house, which seems strong and has sustainability values. The 
inhabitants collect stones little by little while young. When the residents are about to build 
a house, the stones collected are enough to build a house. The collection of stones little by 
little will not damage the environment, so the houses built have a sustainable value. This 
culture has long been passed down from generation to generation. It is also closely related 
to topography and culture, like a vernacular house in Palestine. Most of the vernacular 
houses in the city of Nablus consider the parameters of building materials, interior spaces, 
openings, vegetation, and the socio–cultural values of the occupants in making houses 
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The humidity in the indoor room in the mountain house has a more random behavior
than the air humidity in the inside room in the beach house. Residential houses in coastal
areas still have a fairly regular pattern of humidity behavior. The behavior of indoor
humidity does not have the same pattern as outdoor humidity. The dissimilarity between
the humidity of the indoor and outdoor spaces indicates that the enclosure is not very
influential. Indications of the influence that occurs are from environmental elements.
The behavior of relative humidity will make a difference in thermal reception by humans.
Relative humidity is a variable that is continuously measured together with air temperature.
Both variables are the main variables in predicting the user’s thermal comfort [26].

In addition to influencing microclimate conditions, vegetation density is also closely
related to architectural appearance—the exposed-brick house on the coast looks more
alive than the wooden house on the coast. The lush vegetation makes the exposed-brick
house look beautiful. Research in two rural areas with different climates in Sweden and
Spain confirms that building vegetation will affect the aesthetic value. The research was
conducted by comparing photos of buildings with different vegetation by surveying public
preferences [43]. The type of vegetation and the height of the vegetation also affect the
appearance of the building. The vegetation of the exposed-stone house is composed of
many types of plants, and the height exceeds that of the house. The resulting impression is
different from the wooden house on the coast, which only has low vegetation. Different
types and heights of vegetation produce different views [44]. The appearance of the
building is also influenced by topography. Buildings that have land with a high topography
are more impressive than those with a low topography. Topography, soil, climate, and
vegetation are four things that need to be considered in supporting the appearance of the
building [45].

The appearance of the vernacular house building (people’s architecture) is believed to
create the value of sustainability. Wooden houses on the coast and in the mountains use
wooden building materials with high sustainability values. The impression obtained from
the appearance of the building is that it looks like a temporary house, in contrast to the
exposed-stone house, which seems strong and has sustainability values. The inhabitants
collect stones little by little while young. When the residents are about to build a house, the
stones collected are enough to build a house. The collection of stones little by little will not
damage the environment, so the houses built have a sustainable value. This culture has long
been passed down from generation to generation. It is also closely related to topography
and culture, like a vernacular house in Palestine. Most of the vernacular houses in the
city of Nablus consider the parameters of building materials, interior spaces, openings,
vegetation, and the socio–cultural values of the occupants in making houses [46].

Vegetation affects the increase in airflow, which decreases the influence of environ-
mental air conditions. The exposed-brick house on the coast has a lower air temperature
than the wooden house. Vegetation in a hot environment will make the environmental air
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temperature cooler. The vegetation in the mountain house will make the air temperature in
the environment cooler. The layout of the vegetation will influence the air temperature of
the microclimate. The area of the vegetation also has a significant impact on the ambient
air temperature. Placement and quantity of vegetation will affect the local microclimate.
Vegetation will reduce CO2, thus making the air fresher. More vegetation will make the air
environment healthier. The CO2 variable also affects the environmental thermal comfort
conditions [47].

The density of the surrounding buildings also affects the environmental and climatic
conditions. The area of the exposed-brick house on the coast is not as great as that of
the wooden coastal house, allowing the wind to move freely in the exposed-brick-house
environment of the coastal. The coastal environment, which tends to be hot, is different
from the mountain environment, which tends to be cold. The exposed-stone house in the
mountain, with a lower density of surrounding buildings than the mountain wooden-house
environment, makes the air temperature cooler. Low density of buildings will make the
wind speed large and cause the air temperature to get colder. In hot areas, each area is
directed to create an open garden so that the wind can flow smoothly [48].

Environmental elements and the building envelope will affect the formation of the
microclimate (Figure 13). Environmental elements have many elements related to building
comfort, including topography, vegetation, water elements, and building density. Vegeta-
tion is one of the most frequently discussed elements in producing a microclimate. One
study on urban agriculture showed that vegetation cover on land will create sustainability
for the environment [49]. In addition to vegetation, the water element is an element that
can moderate high temperatures. The water element will reduce heat caused by sunlight
on land. The topography of the land is also influential in creating the microclimate of an
environment. Topography will affect air temperature, humidity, and air in an environ-
ment. Building density can be categorized as an environmental element because the space
between buildings is an outer space element (environment). The space formed between
buildings will affect the wind speed in an environment.
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Building performance is, in achieving thermal comfort, always correlated to energy
saving. Building thermal performance may be achieved by optimizing passive design.
Building passive design is a way to investigate building performance. Research in Shanghai
on building performance was conducted by evaluating optimal solutions using building
optimization. The optimization employed three steps: model arrangement, sensitivity
analysis, and optimization using the algorithm. The evaluation is conducted using the CTR
(Comfort Time Ratio) of Szokolay’s theory. This research employs the variables of building
orientation, building envelope sun heat absorption, window opening control type, WWR
(window to wall ratio) value, window U value, window SHGC (solar heat gain coefficient),
window external shading, air-tightness of doors/windows, plank thickness, and external
wall type. The analysis employs PMV with temperature and humidity variables in addition
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to wind speed and globe temperature variables. The research results show that variables
that influence thermal comfort are the air-tightness level of the building envelope, building
orientation, control to keep WWR (window to wall ratio) value low, low U value (thermal
transmittance) and low SHGC (Solar Heat Gain Coefficient) values on windows facing
south and east. Natural ventilation is appropriately used during daytime from 1 April to
14 June and from 1 September to 31 October, but is inappropriate during any other periods.
Overhangs on the south side should not be too long due to a sun-shading effect. Thermal
insulation of the building envelope also needs to be improved [50].

The air temperature, humidity, air pressure, air exchange value, and indoor air quality
(IAQ) variables were the discussion factors in the thermal comfort research conducted on
a library building near Melbourne, Victoria, Australia. This research discusses thermal
comfort, ventilation and air exchange, air temperature stratification, and IEQ (indoor envi-
ronmental quality). The research results show that the factors or variables used influence
building envelope and influence energy saving [51]. Building envelope may be varied
to create building thermal comfort. One variation of a building envelope is made using
a thermal insulation layer. Thermal insulation may hold thermal reactional rates and,
thus, adjust the air temperature. The variables studied include building shape, building
envelope, building orientation, natural ventilation, insulation, shading, thermal mass, and
airtightness. The methods used were simulation and mathematic methods. The research
results state that the influential factors for cooling are solar protection, window thermal
insulation, and wall thermal insulation [52].

Thermal comfort research cannot be separated from field measurement. Some re-
searchers do not employ field research, but use mixed methods, such as laboratory mea-
surement and simulation. ENVI-met, a simulation software program, is included in the
prognostic model. Some methods may also be mixed into one, like combining ENVI-met
and RayMan simulation models. Both simulation models were used to predict any change
in future comfort in traditional outdoor houses in Taiwan. The variables studied were air
temperature, humidity, and globe temperature. The independent variable in this research
was shading. Shading includes building shading and vegetation. A result of the research
was a new approach, named thermal risk identification [53]. The strategy of optimizing
models to achieve thermal comfort is closely related to energy saving. An analysis was
conducted on 2500 cases, which resulted in a model which may generate good thermal per-
formance. Indoor temperature patterns become the primary variable in the model-making
research [54].

The quality of the indoor space of a room is the main factor influencing its inhabitants’
health. This quality of indoor space of a room cannot be separated from the quality of
outdoor space around the building. Research conducted in Hong Kong related building
occupants’ health to the environment. The environmental aspect assessment included room
thermal comfort, ventilation, acoustic comfort, indoor air quality, and visual comfort. In
addition, building density, building height, hygiene, and green spatial planning aspects
were also studied. The research results state that occupants’ health is influenced by building
height, building density, and environmental hygiene. The research employed objective
and subjective elements. The objective element was implemented by measuring using
tools, while the subjective element was implemented by distributing questionnaires to the
occupants [55].

Outdoor air quality causes occupants to have different attitudes when indoors. Re-
search on the relationship between outdoor air temperature and occupants’ clothing was
studied in Changsa, China, using 1427 datapoints of clothing worn. The effective model
generated may become a reference for adaptation to outdoor air temperature [56]. Another
outdoor research study was also conducted by observing CO2 concentration, which influ-
ences air quality. Air quality is measured with field measurement using a thermal variable
measuring tool. The research was conducted in a public area (an underground station in
China) and analyzed the air quality using wind speed, temperature, humidity, and CO2
concentration variables [57,58].
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The limitations of this research and possible future research challenges can be summa-
rized as follows: it is important to use temperature and humidity for building elements.
Indoor temperature and humidity are influenced by outdoor climate. Outdoor research
in some areas may take measurements at different times. However, it would be better to
measure some areas simultaneously. Thus, microclimate synchronization will be more
accurate. Research is often conducted in different outdoor sites, e.g., a pasture in the middle
of town, a garden by the pool, and a garden in the middle of town. Measurement should
be conducted simultaneously with a thermal sensation voting. The microclimate should be
measured using the temperature and humidity variables. The results can show a significant
difference in neutral temperature between the three locations. The research results may
be taken as a reference to develop green spatial planning at a landscape scale or outdoor
spatial planning [59].

It was essential that we considered outdoor climate as the basis of this research. This
research discussed outdoor space and building envelope on the outdoor microclimate of
vernacular house environments in tropical coasts and mountains. Vernacular houses are
believed to create thermal comfort for their inhabitants, and this needs to be analyzed to be
a standard for architectural design. Other studies have discussed the relationship between
microclimate and environmental elements with building environment [60–65].

The issue of the interaction between internal and external environments of buildings is
more relevant than ever before. This is evidenced by several research papers that examine
buildings in terms of reducing greenhouse gas emissions through energy efficiency of build-
ings and construction operations in order to create a healthy living environment [66,67].
These works document the enormous impact of construction on the surrounding envi-
ronment and its effects on the comfort of the inhabitants of the buildings. Therefore, it
is important to constantly address these issues and thus contribute to more efficient and
environmentally friendly solutions in the field of construction.

Building form, material, building orientation, and ventilation can be classified as
building envelope elements. These four elements will produce a microclimate in each
environment. Inadequate composition of materials and structures will make building
users uncomfortable. Research indicates that residential houses with different types of
wall materials produce differences in air temperature and humidity. Wooden-walled
houses in the mountains and beaches have higher air temperatures than houses made
of other materials. Houses with wooden walls in the mountains have higher humidity
than houses made of other materials [22,23]. Buildings can also harbor bacteria or fungi
that can cause disease. The microclimate in both lowland and highland buildings needs
to be considered in order to produce thermal comfort for the occupants. Prediction of
thermal comfort is needed in building design. Predictions in different environments will
produce different mathematical models [68]. Knowledge of the microclimate will enable
an architect to produce building designs that create thermal comfort for residents. The
design of the building should not only take into consideration aesthetic aspects but also
pays attention to the thermal conditions in the building. Building designs that pay attention
to all aspects, from aesthetics to thermal aspects, will make buildings environmentally
friendly and sustainable.

4. Conclusions

Factors that influence the relationship between environmental elements and building
envelope and microclimate are not the same between one environment and another. In
addition, the factors are not only influenced by only the immediate surroundings, but also
by the climate of the broader area. In this research, a noticeable result is the area height factor.
The vernacular-house environments in tropical mountains and coast are two areas with
different heights. Area height is the most influential factor in microclimate creation. The
altitude of the area affects the climatic conditions of the surrounding environment—both
air temperature and humidity. The contribution of other factors was insignificant. Other
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environmental elements, such as shape, room size, furniture, and materials have little
influence in creating an environmental microclimate.

This guides occupants’ selection of envelope materials, particularly wall and roof ma-
terials. Wooden walls are walls that can absorb heat but also easily create moisture. Houses
with wooden walls create high air temperatures (heat) and high humidity. The 43.6%
difference in temperature between the highlands and lowlands results in differences in
building enclosures and environmental elements. Zinc roofs are used on mountain houses,
and tile roofs are used on coastal houses. The heat absorption of the two roofs is different.
The difference in vegetation density as an environmental element also makes differences in
the microclimate in the two regions. Future research will focus on predicting indoor air
temperature and humidity based on the local building environment and environmental
elements. Prediction models are needed so that when making building plans, architects
can determine the type of enclosure, material, shape, and supporting elements so that a
comfortable and energy-efficient building is produced.
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11. Jandačka, J.; Mičieta, J.; Holubčík, M.; Nosek, R. Experimental determination of bed temperatures during wood pellet combustion.

Energy Fuels 2017, 31, 2919–2926. [CrossRef]
12. Škapa, S.; Vochozka, M. Waste energy recovery improves price competitiveness of artificial forage from rapeseed straw. Clean

Technol. Environ. Policy 2019, 21, 1165–1171. [CrossRef]
13. Maroušek, J. Biotechnological partition of the grass silage to streamline its complex energy utilization. Int. J. Green Energy 2014,

11, 962–968. [CrossRef]
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