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Abstract
Urban Heat Island (UHI) is one of the major side effects from extreme and
unplanned urbanization of cities worldwide. One of the main causes of UHI is
the surface of building structures, which absorb solar radiation in the daytime and
subsequently emitting the heat to the surroundings during night-time. Some wellknown mitigation strategies for UHI are the implementation of green wall, cool
roof, cool pavement and improvement of asphalt pavement efficiency. This paper
discussed on the comparison of climatic variables (surface temperature, air
temperature and relative humidity), which are related to UHI phenomenon in
three different areas of Kuching, Sarawak (urban, suburban and rural areas). The
thermal camera is used to collect data on surface temperature while thermohygrometer is used to collect data on air temperature and relative humidity. It is
found that the surface temperature of wall and window in rural areas are 10-15
°C and 2.5-9 °C respectively cooler than in urban and suburban areas.
Additionally, the air temperature of suburban and urban areas are 7 °C and 8.5
°C (respectively) higher than rural area. In terms of relative humidity, rural area
exhibits higher humidity than urban and suburban areas due to the higher amount
of vegetation in that area. The ranking from the lowest percentage is; urban
(83.5%) < suburban (93%) < rural (98.1%). From this study, it is concluded that
UHI phenomenon is present in Kuching. The obtained air temperature difference
between the urban and rural areas conforms to the findings of other UHI studies.
In further study, one of the building will be chosen to be simulated in determining
the best materials or approach to reducing the UHI effect in Kuching. Since
Kuching is still considered as a developing city, it is still possible to carry out
necessary city planning to lower UHI effect.
Keywords: Air temperature, Development, Humidity, Urban heat island,
Urbanization, Surface temperature.
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1. Introduction
The rapid growth of world urbanization and development have been extremely
accelerated since World War II [1]. This extreme and unplanned growth has
triggered many environmental issues. One of the major issues is the development
of an Urban Heat Island (UHI) phenomenon [2]. UHI is a climatic phenomenon
caused by the modification of the climate, due to the changes made in the form and
composition of the land surface and atmosphere. In comparison to the rural areas,
urban surroundings usually exhibit higher temperatures [3, 4]. Differences in
climatic between urban and rural areas have been identified nearly 200 years ago
[5]. The first documentation on UHI was in Luke Howard’s study of London’s
climate, in the early 19th century [6]. He described UHI as the difference between
the air temperature in the city and country area based on Eq. (1), and the
temperature difference should elevate from the edge of the city toward its center.
Tu and Tr represent the air temperature of urban and rural areas respectively. It is
found out that UHI could elevate the mean air temperature of the urbanized area by
2-8 °C [7, 8]. Under optimal conditions, UHI could reach up to 10-15 °C [9].
∆𝑇 = 𝑇𝑢 − 𝑇𝑟

(1)

Tokyo, London, Kuala Lumpur, Johor Bahru, Makassar, Adelaide, Manaus
City, Seoul, and Bangkok are some of the major cities experiencing UHI
phenomenon. The presence of the phenomenon is proven by the studies conducted
in these countries. The UHI study in Tokyo has analysed on the influence of the
phenomenon on the land and sea breezes using the data from a high-density
observation system [10]. It is found that the wind speed of the northerly land breeze
(analysed in late night) has decreased between the coastal area and city centre. Due
to the UHI presence in the city, the land breeze front is stagnant. The phenomenon
normally presents in Tokyo during summer. Meanwhile, Kolokotroni et al. [11]
conducted a study in London by using advanced thermal simulation program
known as Integrated Environmental Solutions Virtual Environment (IESVE) to
predict the energy performance of an office from present to future years. The
cooling load and energy consumption are predicted to increase in 2050 due to the
increment of air temperatures, resulting from UHI phenomenon. Elsayed [12]
conducted the study in Kuala Lumpur, where the coloured contour maps are
produced by using geographic information system (GIS) technology in order to
determine the UHI intensity of Kuala Lumpur. It is found that the UHI nucleus is
located within the city centre of the city. In addition, Kubota, and Ossen [13] have
also conducted a study on UHI in Johor Bahru, Malaysia. In three different routes,
mobile surveys were conducted simultaneously in order to cover most area of the
city. The result has shown that the difference in nocturnal temperature between the
city and the surrounding areas reached a maximum of 4 °C during the sunny day.
Meanwhile, during rainy day, the recorded nocturnal temperature difference is only
2 °C. This study has successfully identified the difference in nocturnal temperature
between urban and surrounding areas in the city of Johor Bahru. Meanwhile, Maru
et al. [14] conducted the UHI study in Makassar. In this study, the employed
method is by analysing primary data through measurements taken directly to the
varied station locations. The measurements are determined by purposive sampling
toward the variety of different land uses. The study has found the presence of UHI
in Makassar. For downtown areas, which are crowded with buildings have high
temperatures around 32-35 °C. As for the countryside or outside of the city where
there is a lot of open land and green areas, the temperature is around 29-31 °C.
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Soltani and Sharifi [15] conducted the UHI study in Adelaide. In this study, EastWest air temperature profile of Adelaide metropolitan area is mapped in 60
journeys alongside a straight cross route under the clear sky. The highest
temperature difference between urban and rural area is 5.9 °C, which occurred
during midnight. In the late afternoon, the maximum urban heat variation occurred
when the near-surface urban heat fluctuates by 2 °C. de Souza and Alvala [16]
conducted another UHI study in Manaus City. Data from a region of forest and an
urban area is collected for a period of 8 years. It is found that the urban area exhibits
decrement and increment in relative humidity and temperature respectively. The
annual average between the urban and forest areas can reach differences of relative
humidity close to 1.7% and temperatures around 3 °C. In Seoul, UHI study is
conducted for one-year period by investigating the near-surface temperature data
measured at 31 automatic weather stations (AWSs) in metropolitan area [17]. UHI
in Seoul deviates considerably from an idealized, concentric heat island structure.
This is contributed by the location of the main commercial and industrial sectors
and the local topography. The average maximum UHI intensity found from this
study is 2.2 °C. For the UHI study in Bangkok, Arifwidodoa and Chandrasiri [18]
have studied the impact of UHI development and its effect on household energy
usage by using hourly air temperature and survey questionnaires. The
questionnaires are distributed to random respondents to describe the relation of UHI
intensity and household energy usage. The study has concluded that the
phenomenon has a major impact on household energy usage.
UHIs are typically depicted in three main scales; 1) urban surface material
scale (surface layer), 2) building and public space scale (canopy layer) and 3) city
scale (boundary layer) [19, 20]. Thermal behaviour of surface materials and their
exposure to solar radiation are hugely affecting the UHI effect. Heat released by
urban surface layer is mixed via air turbulence in urban canopy layer and above.
Then, the mixture of air produced a dome of warm air above the urbanized areas,
which is called as the urban boundary layer [8]. Oke [9] has stated that right after
sunset, where a bigger city with a clear sky and light winds, the borderline
between urban and rural areas indicates a steep temperature gradient to the UHI.
The other part of urban area seems to become a “plateau” warm air with a stable,
however, less steep horizontal gradient of raising temperature towards the city
centre. The effect of land uses in urban areas such as lakes, parks, industrial,
commercial, or hugely built-up building areas interferes with the consistency of
the “plateau”. Urban maximum temperature is typically found in the urban core,
where it exhibits a final “peak” to the UHI. UHI intensity is referring to the
difference between the maximum and background rural air temperature [21, 22].
During night-time, the retained heat in urban surfaces is slowly emitted as
compared to the rural surfaces in which, the heat is released very rapidly instead
[23]. Hence, the slowly released heat will then contribute to the increment of
ambient temperatures of the urbanized areas [24]. According to Enete et al. [25],
the UHI intensity is at its peak a few hours after sunset, when rural surfaces have
cooled down while urban surfaces stay warm.
Figure 1 shows the idealized heat island profile of a city [26]. The figure illustrates
the rising temperature from the rural border and peaking in the city centre. The
varying of temperature across the city is influenced by the nature of the land cover
[27]. The lakes and urban parks are noticeably cooler than the areas concentrated with
buildings since these areas have more vegetation coverage than the built-up areas.

Journal of Engineering Science and Technology

October 2019, Vol. 14(5)

3010

S. H. Ibrahim et al.

Green and rural areas exhibit lower UHI effect due to evapotranspiration fluxes [28].
On the other hand, the local vegetation coverage in urban areas is very low compared
to the rural areas [28, 29]. Hence, urban areas are subjected to higher absorption of
solar radiation (short wave), which is only partly emitted into the atmosphere through
radiation in the thermal infrared (longwave) [30].
Building surfaces contribute tremendously to UHI development in urban areas
[24, 30]. Mass building structures absorb solar radiation in the daytime, which is
then subsequently emitted to the surroundings. Hence, ambient temperatures
increase during night-time. UHI is also associated with air pollution, due to the
local air circulation patterns, which build up pollutants. The structures are typically
constructed using the material such as brick or concrete that can retain and absorb
the high amount of heat from the sun than the natural materials utilized in rural
areas [6]. Conventionally, Malaysian vernacular buildings such as houses have
mainly employed lightweight materials such as thatch and wood for construction
to cope with the hot-humid climate condition [31]. Natural ventilation has also been
utilized fully for maximum thermal comfort. However, in modern cities,
construction materials such as concrete, steel, glass, and shiny metals are vastly
utilized instead [32], ignoring the importance of the local tropical vernacular
architecture [33]. Such urban landscape has created an urban climate that is
affecting both environmental health and human comfort as well as contributing to
UHI effect.

Fig. 1. Urban heat island profile [26].

2. Aim of Study
The aim of this study is to investigate the impact of urban surfaces towards the
development of Urban Heat Island (UHI) phenomenon by investigating the
climatic variables related to UHI phenomenon of three different sites. The
research gap of this study is that in most UHI studies, the temperature is mainly
the focus. However, to further enhance the understanding on local heat exposure,
UHI studies should also include the analysis on humidity. Hence, the most
suitable method should include the data collection of relative humidity as well.
Therefore, in this research, thermo-hygrometer is used to collect data on relative
humidity. Besides that, most UHI study would only consider either air
temperature or surface temperature only. However, in this study, both types of
temperatures are considered and analysed. This is crucial to determine the effect
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of building structures to UHI phenomenon. Additionally, three locations are
analysed to determine whether these locations agree with previous data being that
urban and suburban area will be warmer than the rural area. As this is proven, in
further study, one of the building will be chosen to be simulated in determining
the best materials or approach to reducing UHI effect.

3. Methods
This paper will study on the impact of building surfaces towards the development
of UHI phenomenon in Kuching, Sarawak by investigating the climatic variables
related to UHI phenomenon of three different sites (rural, suburban and urban).
Since UHI is caused by absorbed heat from solar radiation by building surfaces, the
collected data are specifically on the surface temperature of buildings as well as the
air temperature and relative humidity of the site areas. The thermal camera
(ThermaCAM P65 by FLIR Systems, Inc.) is used to collect data on surface
temperature. It has the ability to calculate the difference of temperature between
measurement points directly in the field. The temperature and location of the hottest
spot in the captured image can be automatically indicated.
Hence, it will be easier to detect the highest surface temperature of the studied
buildings. The camera has functions such as autofocus, freezing and storing images.
The captured images can be easily reviewed back in the camera gallery. Meanwhile,
thermo-hygrometer (Testo 625 by Testo, Inc.) is used to collect data on air
temperature and relative humidity. This compact thermo-hygrometer has a
connectable humidity sensor, which enables it to measure the relative humidity and
air temperature of the surroundings. Additionally, it can also be used to determine
the dew point and wet bulb temperature. This equipment has a hold function, which
enables it to freeze the minimum and maximum readings of relative humidity and
air temperature. Therefore, the data obtained from this equipment can be as accurate
as possible. These data are collected from 7 a.m. to 7 p.m.

3.1. Location of study
Kuching is the capital of Sarawak, located in East Malaysia at equatorial region.
This country has a long period of sunny days around the year in which, causes the
country to be exposed to a high level of solar radiation, relative humidity as well as
temperature [34]. The main two seasons here are wet or dry, although prediction of
the time for each season has become even more unpredictable than in the past [35].
Since Malaysia is in hot humid regions, receiving sunlight the whole year round,
the orientation of buildings should be able to lower solar gain and enhance natural
ventilation [35-37].
Due to the geographical position of this country, buildings in Malaysia are
exposed to high solar radiation from Eastern and Western sun during morning and
evening [37]. Hence, many green buildings nowadays have been considering the
best-suited building orientation to reduce heat gain, enhance energy efficiency and
thermal performance. Three sites are selected based on location to be studied in this
research; Kuching City Centre (urban area), Sarawak Energy Berhad (suburban
area) and Kampung Bumbok (rural area). The purpose of the classification of the
three (3) areas is to determine, which area exhibits the highest UHI effect as well
as the impact of building surfaces in this area.
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3.1.1. Kuching City Center (Urban Area)
The city centre area is considered as the heart of the city with a dense concentration
of high-rise building, especially commercial type. It is packed with high rise office
buildings, hotels, and financial institutions and has many tourist attractions such as
the Kuching Waterfront, Darul Hana Bridge and historical buildings. For Kuching
city centre site, data will be collected within the highlighted area in Fig. 2.

Fig. 2. Area of study (urban area).
3.1.2. Sarawak Energy Berhad (Suburban area)
Sarawak Energy Berhad (Fig. 3) was awarded as the first green building in Sarawak
in 2013. Falling into Non-Residential New Construction (NRNC), the Green
Building Index (GBI) rating is silver with points between 66 to 75 points [38].
This building is located in the suburban area, Kuching Isthmus, which is 6.5 km
from the city centre (Fig. 4). This area has lesser development, however,
continuously developing into a densely packed commercial and industrial areas.
Relevant data were collected on both the east and west side of the building.
This building is constructed with its main axis of orientation is parallel to the
east-west axis. In order to reduce extreme heat gain, the majority of its windows
are facing the north and south sides. Hence, east and west facades of this building
are more exposed to solar heat gain.
However, these facades are protected by double-glazed window, aluminium
cladded walls and sunshade louvres. Among the three chosen sites, this building is
the only one that has applied suitable building orientation in its design to reduce
excessive heat gain.
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Fig. 3. Building of Sarawak Energy Berhad.

Fig. 4. Building of Sarawak Energy Berhad.
3.1.3. Kampung Bumbok, Bau (rural area)
Kampung Bumbok (Fig. 5) is located in Bau, which is also known as a gold mining
town. This small town is located approximately 18 km away from Kuching. Bau is
one of the four agricultural districts namely, Kuching, Siburan, Bau and Lundu [39].\

Fig. 5. Area of study (Rural area).
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The main agricultural activities carried out by the agricultural population are
supplying vegetables and fruits to the city, cultivation of pepper and coconut, smallscale livestock farming and aquaculture. Bau and Lundu are the only agricultural
districts in Kuching division to engage in plantation/estate crop like oil palm.
Being an agricultural district, Bau is still surrounded by abundant natural ground
cover and plantation. Most of the housing in their villages are upgraded to concrete
and glass instead of the use of natural materials in the past. It is understandable
since the modern materials are more durable and sound. In the long term, these
materials are more cost effective as well. Figure 6 shows the locations of all studied
areas. The building materials for each site are compiled in Table 1.

Kuching City
Center
Sarawak
Energy Berhad

Kampung
Bumbok, Bau

Fig. 6. Locations of all studied areas.
Table 1. Building materials of selected sites.
Location
Kuching City Centre
Sarawak Energy Berhad
Kampung Bumbok, Bau

Wall material

Window material

Concrete
Concrete + aluminium
cladding
Concrete

Glass
Thick double- glazed
glass
Glass

4. Results and Discussion
Data on surface temperature, air temperature and relative humidity of three selected
sites are analysed in the following sections.

4.1. Surface temperature
Figure 7 shows the comparison between the surface temperatures of the wall on the
east side of the buildings in three selected sites. This means that during the evening
Journal of Engineering Science and Technology
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time, these building areas are not exposed to direct sunlight radiation. At 10:00 a.m.
to 11:00 a.m., the surface temperature of suburban wall is higher than the wall in
urban area. As mentioned in previous section, the material for suburban and urban
area is different. Concrete wall with aluminum cladding is used for suburban wall.
Meanwhile, for urban area, concrete wall is used. Generally, the thermal
conductivity of aluminum is higher than normal concrete. Depending on the
aggregate type and concrete mixture used, thermal conductivity of concrete varies
from 0.1 W/m K to 1.7 W/m K [40]. The thermal conductivity of aluminum on the
other hand is 205 W/m K [40]. This means that aluminum has higher ability to
conduct heat. Next, the specific heat capacity of aluminum cladding and concrete
walls are 897 J/kg °C and 880 J/kg °C respectively [41]. Since, both materials have
almost the same value of specific heat capacity, both materials require almost the
same amount of heat per unit mass to increase the temperature by 1 °C. However,
since the thermal conductivity of aluminum is higher, the surface temperature of
aluminum is usually higher than concrete during daytime. Hence, the suburban wall
is heated up more than the urban wall. However, during peak period (12:00 noon
to 2:00 p.m.), the aluminum cladding wall is cooler than the concrete wall. As
mentioned in the previous section, this building is constructed with its main axis of
orientation is parallel to the east-west axis. Hence, during this period, the solar
radiation is the most intense on the top of the building, keeping the east and west
sides of the building to be well shaded from the sun. As for the urban wall, it is
exposed to the sunlight during this period. Hence, the surface temperature of the
suburban wall is lower than the urban wall. The wall of SEB building (suburban)
has the highest temperature (51 °C, 11:00 a.m.) when compared with rural (35.4
°C, 4:00 p.m.) and urban (41 °C, 1:00 p.m.) areas. However, towards the late
evening period, SEB wall cools down most quickly than the wall in rural and urban
buildings. This is highly influenced by the material of the SEB external wall itself,
which is aluminum cladding wall. UHI is caused by absorption of solar radiation
by building structures in the daytime, which is then subsequently emitted to the
surroundings during night-time increasing the night ambient temperatures. Since
this material cools down the most quickly during the evening, there is lesser heat
stored in this material as compared with a concrete building. This means that lesser
heat will be released to the surrounding at night-time. Hence, aluminum cladding
wall is highly recommended to reduce UHI effect.

Fig. 7. Comparison of wall surface temperature (east side).
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Figure 8 on the other hand shows the comparison between the surface
temperatures of walls on the west side of each building. Hence, during the morning
time, these building areas are not exposed to direct sunlight radiation. Throughout
the day, the wall in rural area exhibits the lowest surface temperature. The suburban
wall (concrete + aluminum cladding) heats up the most during the highest intensity
of the sunlight, however, it cools down rather quickly than the concrete wall in rural
and urban areas. The highest surface temperature of rural, suburban and urban wall
are 37 °C (2:00 p.m.), 51.6 °C (4:00 p.m.) and 47.2 °C (1:00 p.m.) respectively.
From the figure, it could be observed that the surface temperature of suburban and
urban walls fluctuate from noon to evening time. This could be due to the difference
in the cloud coverage in every hour as observed during data collection. According
to Matuszko [42], cloudiness is the main meteorological factor that determines the
amount of solar radiation reaching the surface of the earth. Since the cloud coverage
is never constant, the fraction of solar energy traveling through the clouds is also
inconsistent. Solar radiation intensity could be reduced by 80-90% in the case of
thick low-level layered clouds [42]. The building surfaces gain more heat when the
cloud coverage is minimal and the solar radiation will be more intense. The
presence of thick cloud coverage would reflect the radiation and help to lower the
surface of the Earth. Hence, the surface temperature of the wall is higher when the
cloud coverage is minimal. As mentioned in the previous section, the suburban
building is constructed with its main axis of orientation is parallel to the east-west
axis. From 12:00 noon to 2:00 p.m., solar radiation is the most intense at the top of
the building. Hence, only from 2:00 p.m. onward, the surface temperature of the
west side of the building is exposed to solar radiation. Therefore, during evening
time, the suburban wall is more heated than the urban area. Again, this is due to the
difference in the thermal conductivity of both walls. The aluminum cladding wall
has higher thermal conductivity than concrete, hence, making its surface
temperature to be higher than the urban area. However, during the late evening, the
aluminum cladding releases heat the fastest, keeping the surface temperature lower
than the concrete wall. Besides that, comparing both east and west side data, it is
concluded that the west side of all buildings are more heated up than the east side,
which shows that the west side is exposed to higher solar intensity. Some figures
from the thermal camera are attached in Figs. A-1, A-2 and A-3 (Appendix A) for
better understanding.

Fig. 8. Comparison of wall surface temperature (west side).
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Even though the concrete wall is likely to heat up lesser than aluminum cladding
wall, it will still store a higher amount of heat energy at the end of the day. The heat
from the concrete wall is released at a much slower rate than the aluminum cladding
wall. Again, this has proven that aluminum is effective in reducing the UHI effect
since lesser heat will be released during the night-time.
Generally, the thermal conductivity of aluminum is higher than normal
concrete. This means that aluminum has a higher ability to conduct heat. Since the
thermal conductivity of aluminum is higher, the surface temperature of aluminum
is usually higher than concrete during daytime. Nonetheless, the heat stored is lower
than concrete as night-time comes by since aluminum releases heat rather quickly
than concrete and hence, contributing lower UHI effect to the surroundings.
Figure 9, on the other hand, shows the comparison between the surface
temperatures of windows on the east side of each building. This means that this
area of the building is not exposed to direct sunlight radiation during evening time.
For the suburban area, the window that is being focused on is on the 8 th floor of the
building, since internal data for simulation work for another study is collected in
this room internally.
The room has only one big window. Hence, only the surface temperature of
that window is also considered externally. Besides that, focusing on one big
window making it easier to track the temperature fluctuation for 12 hours. The
surface temperature of this window has the highest surface temperature (46.4 °C,
11:00 a.m.) than the windows in rural and urban areas, however, it cools down
rather quickly throughout the evening period. At the end of the day, this window
has the same surface temperature as the urban window with a temperature of 28
°C on 7:00 p.m.
The highest surface temperature of rural and urban windows is 35.5 °C (2:00
p.m.) and 38 °C (1:00 p.m.) respectively. This is highly influenced by the window
material of the SEB building, which is double-glazed glass window. From 10:00
a.m. to 11:00 a.m., the suburban window has a higher surface temperature than
the urban area. This could be explained by the difference in solar radiation
exposure to both buildings. For the urban area, during this time, the solar
exposure is partly shaded by other tall buildings surrounding the chosen urban
building for data collection.
For the selected suburban building, as mentioned in the previous section, it
is constructed with its main axis of orientation is parallel to the east-west axis.
The east side of the building is exposed to intense solar radiation from 10:00
a.m. to 11:00 a.m.
Hence, the surface temperature of the suburban window is higher than the urban
window during this period. From 12:00 noon to 2:00 p.m., solar radiation is the
most intense at the top of the building. However, after noontime, the surface
temperature of the urban’s window is higher than that of suburban.
This means that solar radiation is no longer shaded by other buildings as the
sun rises higher in the sky in the urban area. Since the urban is susceptible to
warmer temperatures due to the concentration of pavements and building
surfaces, the urban window exhibits higher temperature than the suburban
window during this period.
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Fig. 9. Comparison of window surface temperature (east side).
Lastly, Fig. 10 shows the comparison between the surface temperatures of
windows on the west side of each building. The urban window has the highest
surface temperature of 48 °C, at 1:00 p.m. At the end of the day, the surface
temperature is still higher than the window in the suburban area. The highest
surface temperature of the rural window, on the other hand, is 38.7 °C at 5:00 p.m.
The surface temperature of the suburban window has the highest surface
temperature (41.2 °C) at noontime however, it cools down rather quickly. At the
end of the day, this window has the lowest surface temperature as compared with
rural and urban window surfaces. This has proven that this window material is the
best to reduce UHI effect since it stores lesser heat to be emitted during night-time.
Compared to normal windows, double-glazed windows are very effective in
protecting internal temperature isolated from outside as well as enhancing the
energy efficiency of the building envelope [43]. The surface temperature of SEB’s
window fluctuates during evening time due to the difference in the cloud coverage
every hour. The window gains more heat when the cloud coverage is minimal and
the solar radiation is more intense.

Fig. 10. Comparison of window surface temperature (west side).

Journal of Engineering Science and Technology

October 2019, Vol. 14(5)

Comparison on Climatic Variables of Rural, Suburban and Urban . . . . 3019

Although urban and rural areas have the same type of wall and window, it can
be observed that the building surfaces in the urban area have higher surface
temperature than a rural area, especially in the noontime. The difference in surface
temperature between the walls in the urban and rural area could be as high as 10.2℃.
Based on the site observation, the urban area is very densely packed with a high
rise and closely constructed building. Since this area has more paved surfaces, there
is little vegetation or plantation that could help in lowering the air and surface
temperatures in that area. Rural area, on the other hand, has an abundance of
vegetation and plantation in its surrounding. The houses are also constructed further
apart from each other, promoting better air movement, which could help in
lowering the heat gain of wall surfaces in this area compared to the wall in the urban
area. Besides that, rural area is also surrounded by a huge area of water bodies such
as paddy field and river, which could serve as heat sinks for the rural area.
The structures in urban and suburban areas are typically constructed using the
material such as concrete that can retain and absorb a high amount of heat from the
sun than the natural materials utilized in rural areas [6]. Conventionally, Malaysian
vernacular buildings such as houses have mainly employed lightweight materials
such as thatch and wood for construction to cope with the hot-humid climate
condition [31]. Natural ventilation has also been utilized fully for maximum
thermal comfort. However, in modern cities, construction materials such as
concrete, steel, glass, and shiny metals are vastly utilized instead [32], ignoring the
importance of local tropical vernacular architecture. Even most of the rural areas in
Sarawak such as Kampung Bumbok itself has ditched the conventional
construction materials and opt for modernized materials such as steel, concrete, and
glass. This is understandable since these construction materials are more durable
and economical in the long term. However, such an urban landscape has created an
urban climate that is affecting both human comfort and environmental health as
well as contributing to the UHI effect.

4.2. Air temperature
The air temperature difference between the three selected sites is shown in Fig. 11.
The urban area possesses the highest air temperature of 41.6 °C. Meanwhile, the
highest air temperature of suburban and rural areas is 40.3 °C and 33.1 °C
respectively. The difference in air temperature between urban and rural areas is 8.5
°C. It is proven that urban areas exhibit higher air temperature than rural areas.
Hence, the UHI phenomenon is present in Kuching city. In introduction, it was
discussed that based on the idealized heat island profile of a city, the temperature
is peaking in the city center. The varying of temperature across the city is hugely
influenced by the nature of the land cover [26]. The result from this study is in
agreement with the study conducted by Elsayed [12]. In that study, it was found
that the difference in air temperature between rural and urban areas could reach up
to 5.5 °C. This shows that the air temperature of built-up areas is warmer than the
surrounding rural or less developed areas. Additionally, Kubota and Ossen [13]
have also conducted a study on UHI in Johor Bahru, Malaysia. The spatial
characteristics of UHI in Johor Bahru have been carried out in March (rainy season)
and September (dry season). The result has shown that the nocturnal temperature
difference between the city and surrounding areas reached a maximum of 4 °C
during the sunny day. Again, this has proven that urban areas are warmer than the
surrounding rural areas. Meanwhile, based on the study conducted by Arifwidodoa
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and Chandrasiri [18], the highest difference between the air temperature between
rural and urban area could range from 8-10 °C during daytime since the surface
materials in the urban area such as building and road surfaces are heating up faster
than the surfaces in the rural area.
The main factor that influences the environmental temperature and surface
energy balance in the urban areas is the modification of land surfaces from the
natural environment to concentrations of structures and pavement areas. It is proven
that urban areas exhibit higher air temperature than rural areas since the urban area
is also more likely to have maximum surface temperature than the rural area.
Since urban areas have lower vegetation coverage, these areas are exposed to
greater absorption of solar radiation (short wave), which is only partially released
into the atmosphere by radiation in the thermal infrared (longwave) [28]. On the
other hand, green and rural environments, exhibit a lower UHI effect due to
evapotranspiration fluxes [29]. Trees and vegetation could aid in lowering the
UHI effect by cooling the air via evapotranspiration as well as growing the
amount of shades.

Fig. 11. Air temperature comparison for each location.

4.3. Relative humidity
As shown in Fig. 12, generally, the highest relative humidity percentages are in the
early morning (7:00 a.m.). The highest percentage of relative humidity for rural and
urban are 98.1% and 83.5% respectively. For the suburban area, the highest
humidity percentage is 93%. Based on the percentage, it is concluded that area with
a higher percentage of vegetation has higher relative humidity. Since the rural area
is an agricultural district, it is surrounded by a higher percentage of natural land
covers such as paddy field, vegetation, and plantation. Hence, the higher humidity
level could help to lower the air and surface temperatures of rural area as compared
to urban area. These findings are consistent with the results of a previous study by
Hass et al. [44]. In that study, it was found that the locations with low vegetation
coverage and a greater amount of impervious surfaces such as buildings and paved
areas are much more prone to have lower humidity level and maximum
temperature. Meanwhile, locations with an abundant amount of vegetated surfaces
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and tree cover are likely to have higher humidity. Throughout the day, the relative
humidity of rural area is higher than urban area due to its greater vegetation
coverage. However, from 10:00 a.m. onward, the relative humidity of suburban
area is higher than the other two areas. This could be explained by the abundance
of water body surrounding the suburban building. This building is surrounded by
Sarawak River (Refer to Fig. 4). The moisture in the atmosphere is obtained from
water bodies (especially the oceans through evaporation) and from plants through
transpiration [45]. Hence, there is a continuous cycle of water exchange between
the atmosphere, the oceans, and the continents through the processes of
evaporation, transpiration, condensation, and precipitation. Relative humidity is
known as the percentage of moisture in the atmosphere as compared to its full
capacity at a given temperature [45]. With the air temperature changes, the relative
humidity is affected as the capacity to retain moisture increases or decreases.
Relative humidity is the least over the continents and higher over the oceans.
Therefore, the relative humidity for the suburban area is higher than the rural area.

Fig. 12. Relative humidity comparison for each location.

5. Conclusions
This paper has presented on the comparison of the climatic variables, which are
related to UHI phenomenon in three different areas of Kuching, Sarawak; urban,
suburban and rural areas. This study is conducted by using field data collection using
an appropriate apparatus. The findings from this study are as follows.
 It is found that in terms of surface temperature, window and wall in rural areas
are generally cooler than those in the urban and suburban areas. For the surface
temperature of the wall buildings in the west side, the highest temperature in
ascending order is rural (37 °C) < urban (47.2 °C) < suburban (51.6 °C). For the
window, the ranking is as follows; rural (38.7 °C) < suburban (41.2 °C) < urban
(48 °C). Meanwhile, for the surface temperature of the building walls in the east
side, the highest temperature in ascending order is rural (35.4 °C) < urban (41
°C) < suburban (51 °C). For window, the ranking is as follows; rural (35.5 °C) <
urban (38 °C) < suburban (46.4 °C). It could be concluded here that the west side
of the building is exposed to a higher solar intensity than the east side. Although
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the suburban wall (concrete + aluminium cladding) and window (double-glazed)
have the highest surface temperature compared to the surfaces in rural and urban
areas, they cool down the most quickly and stores lesser heat compared to the
typical concrete and window used in rural and urban areas. Lesser heat stored
means lesser heat will be released to the surrounding at night time. Hence,
aluminium wall cladding is highly recommended in reducing UHI effect. From
these findings, it could be concluded that building surfaces do contribute
tremendously to UHI development in urban areas.
 Based on the air temperature comparison, it is concluded that urban and
suburban areas exhibit higher air temperature than rural area. The ranking
from the lowest to the highest air temperature is as follows: rural (33.1 °C)
< suburban: 40.3 °C < rural (41.6 °C). This huge difference in temperature
is hugely influenced by the nature of the land cover of each area. The area
with higher amount of vegetation exhibits lower air temperature.
 Based on the relative humidity comparison, it is also concluded that an area
with a higher percentage of vegetation has higher relative humidity. Hence,
rural areas exhibit higher relative humidity than urban and suburban areas
The ranking from the lowest percentage is as follows; urban (83.5%) <
suburban (93%) < rural (98.1%).
 In UHI studies, the temperature is usually the focus. However, in order to
enhance the understanding of local heat exposure, UHI studies should also
include the analysis on humidity. From the comparison between the three
locations in terms of the climatic variables that are related to UHI, it could be
concluded that the location with a greater amount of impervious surfaces
(building surfaces) and little vegetation coverage is more prone to experience
greater maximum temperature. Comparatively, the location with a higher
amount of vegetation and tree coverage will exhibit lower temperature and
higher humidity.
 From this study, it is found that the UHI phenomenon is present in Kuching. The
air temperature difference between the urban and rural area is up to 8.5 °C. As
mentioned in the introduction, UHI could elevate the mean air temperature of the
urbanized area by 2-8 °C. Under optimal conditions, UHI could reach up to 1015 °C. Hence, it could be concluded that Kuching is experiencing UHI
phenomenon. The level of severity is unknown as this is the first UHI study
conducted in Kuching. Hence, the comparison between current and previous
study could not be done. However, the obtained UHI intensity (the difference
between the air temperature of the urban and rural area) conform to the findings
of other UHI studies.
 The three locations are analysed to determine whether these locations conform
to previous data being that urban and suburban area will be warmer than the rural
area. As this is proven, in further study, one of the building will be chosen to be
simulated in determining the best materials or approach to reducing the UHI
effect in Kuching. Since Kuching is still considered as a developing city, it is still
possible to carry out necessary city planning to lower UHI effect.
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Nomenclatures
Tr
Tu

Temperature of rural area, °C
Temperature of urban area, °C

Greek Symbols
∆
Difference, °C
Abbreviations
AWSs
GBI
GIS
IESVE
NRNC
SEB
UHI

Automatic Weather Stations
Green Building Index
Geographic Information System (GIS)
Integrated Environmental Solutions Virtual Environment
Non-Residential New Construction
Sarawak Energy Berhad
Urban Heat Island
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Appendix A
Images from Thermal Camera
Figures for the highest surface temperature for rural, suburban and urban wall are
shown as follows.

Fig. A-1. Wall surface temperature of urban
area (Time: 1:00 p.m., temperature: 47.2 °C).

Fig. A-2. Wall surface temperature of suburban
area (Time: 4:00 p.m., temperature: 51.6 °C).

Fig. A-3. Wall surface temperature of rural
area (Time: 2:00 p.m., temperature: 37 °C).
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