RDI Op-Ed, No. 20 (DCR) 20220927

Urban Heat Island (UHI) as Microclimate
Change Phenomenon: Adaptation and
Mitigation Strategy (Study Case: Bogor City)
Picture source: Smart Wear Magazine

Summary
Climate change has become one of the leading environmental problems in the ASEAN region. Several cities in
ASEAN are even experiencing microclimate change in the form of urban heat islands (UHI). According to that
condition, we would like to learn about the UHI phenomenon in one city in Indonesia, which is Bogor City. This
article will discuss the UHI condition in Bogor City and the factors that trigger it. This article also discusses how
we can adapt to the UHI phenomenon and some recommendations that can be given to Bogor City’s government, stakeholders, and local communities to mitigate and decrease the effect of the UHI phenomenon.
Microclimate in Bogor City and UHI phenomenon

S

outheast Asia is one of the regions in the
world that is vulnerable to climate change the
most, whereas this region is already experienced
its effects in the form of extreme weather,
heatwaves, and others, in which anthropogenic
causes are the main drivers of the climate change
in this region (Ding and Beh, 2022). During the
last decade, the development of cities and the
population inside Southeast Asia are growing
faster. Unfortunately, the population growth and
the city’s development will also cause 50% more
people to become vulnerable to climate change
phenomena in major cities such as Jakarta,
Bangkok, and Ho Chi Minh City (The ASEAN Post,
2021). Indonesia, as one of the ASEAN members,
has experienced many development activities in
terms of city development since the 1990s. More
than 40 million new urban populations were
added to Java Island, from the total of 63 million
urban populations in Indonesia from 1990 until
2010 (Mardiansjah et al., 2018). The increasing
urban population in Indonesia then made new big
cities appear on Java Island, which caused land
use to change from vegetation to built-up land.
This problem caused environmental issues in
cities, one of which is urban microclimate change.
A microclimate is also considered a climate
pattern in a relatively small region, influenced by
geographic conditions and climate variables such
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as temperature, wind, humidity, time, and sun
radiation of the region (Valsson and Bharat,
2008). One of the urban microclimate changes
people commonly sense is temperature change.
In big cities, the temperature is higher in the
range from 1.7 – 2.2°C in the centre area of the
cities compared to the suburban areas around
it (Schlatter and Wilson, 1997). This condition
is later called an Urban Heat Island (UHI)
phenomenon. The increase of UHI magnitude
in ASEAN cities such as Bandung and Bangkok
in the last 15 years also makes the UHI
phenomenon considered a microclimate hazard
that should be considered by many cities in the
ASEAN region (APN, 2018). Bogor City is one
of the satellite cities around Indonesia’s capital
that experienced environmental problems
regarding
microclimate
change.
These
environmental problems were also caused by
land use change since the 1990s, the biggest
stage of land use change and development
that occurred from 1989 until 2013 (Fajarini,
2014). The UHI phenomenon has manifested
the microclimate changes that have occurred
in the city of Bogor. This condition can also be
referred to as the island of heat phenomenon.
The UHI phenomenon in Bogor City occurred
in 1990, when the UHI phenomenon was still
around the centre of Bogor City, until 2017
when the UHI phenomenon spread to the
outskirts of Bogor City (Nurwanda and Honjo,
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2018). This UHI phenomenon is comparable to
the land cover change event that has occurred
in the city of Bogor since 1989, where there
has been a reduction in the area of vegetated
land while the area of land built up is increasing.
Historically, Bogor City’s spatial layout is
concentric, with the city’s centre being the
National House inside the Bogor Agricultural
Garden. The built-up land cover is concentrated
in the centre of Bogor City. Meanwhile,
vegetation and open space land cover are
mainly found on the outskirts of Bogor City.
Land covers also cause albedo changes, namely,
the range of radiation reflected by the earth’s
surface. urbanisation The higher the density
of buildings in an area, the more radiation
is reflected, thus making the difference in
air temperature even greater (Artiningsih
et al., 2004). This finding is also proved by
the increased land surface temperature,
significantly related to air temperature due to
urbanisation. Based on the latest data, Bogor
City’s temperature has increased by 2°C from
2007 to 2017 and is predicted to still increase
until 2027 (Nurwanda and Honjo, 2020). The
number of changes in land cover areas and
albedo values can be seen in this table:
Table 1. Land cover and albedo changes in
Bogor City

Source: Satellite image comparison (for area)
and Handayani, 2007 (for albedo)
The changes in the land cover area affect the
distribution of albedo value. The albedo value
on the land cover with open land type was
the one that experienced the most significant
increase, followed by built-up land cover.
An increased land area awakened causes the
area with the highest albedo to increase. This
phenomenon then causes an increase in air
temperature in the city of Bogor, thus creating
UHI. The UHI phenomenon in Bogor City was
then calculated using five air temperature
loggers in five different locations. Each
location represents land cover classifications
in Bogor City: built-up land, open land, and
2

vegetation. This representation also considers
land cover change as the leading cause of
microclimate change in Bogor City. The result
of air temperature collected by all loggers are
progressed into isotherm data that can be seen
in the following map:

Figure 1. Air Temperature Map of Bogor City
Based on the map, the highest temperature
(ranging from 27.6ºC to 28.1ºC) is mainly
distributed in the urban centres. In contrast,
the closer it is to the city’s outskirts, the lower
the temperature. This highest air temperature
covers the affected area of more than 1,900
m2. This finding is also in accordance with the
UHI phenomenon, where the UHI distribution
pattern will follow the building density level; in
this case, the temperature on the land cover
in the form of built-up land will be higher than
the vegetation (Voogt, 2002). Based on the
air temperature values at each measurement
point, there is a difference in air temperature
between the central and suburban areas,
which reaches 3.4ºC. A land use management
approach should be implemented to reduce
the air temperature differences in Bogor City.
The temperature difference with this value
already indicates the UHI phenomenon in
Bogor City, where the temperature difference
between the city’s centre and the city’s outskirts
has passed 1 – 2ºC (Kim, 1992; Schlatter and
Wilson, 1997; Weng, 2003). Based on this,
the development of the UHI phenomenon in
Bogor City is still proven to be happening. This
temperature difference also showed us that a
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microclimate change occurs in Bogor City that
can be perceived by people who live in Bogor
City.
How to Adapt
Even though people can perceive the
microclimate change, especially in air
temperature changes, most people are
not paying enough attention to the UHI
phenomenon. Nevertheless, people tend
to feel uncomfortable with the increase in
air temperature. This situation is called the
discomfort index, which in Bogor City is
dominated by the “uncomfortable” classification
based on Temperature Humidity Index (THI)
calculation (Saputra et al., 2016).
In adapting to this condition, there are some
approaches that people and the government
can do. The governments need to focus on
spatial management policy to decrease the
building density and increase the green space
area. People usually adapt to using an air
conditioner in their house, but this is not the
best solution considering that the result of air
conditioner usage can cause the CFC gasses to
damage the ozone layers in the atmosphere. To
replace this, people can start to renovate their
houses by raising the ceiling of their houses. This
solution will improve the air circulation inside
their houses and give a cool air temperature.
Mitigation Strategy
The need to mitigate the UHI phenomenon
is relevant since it can cause various adverse
effects,
including
increased
electricity
consumption, leading to excessive fossil fuel
use that worsens global warming. Furthermore,
UHI can also contribute to a higher risk of people
sick or even dying, especially in the summer,
because UHI increases the growth formation of
dangerous smog quickly, such as nitrous oxides
(NOx) and volatile organic compounds (VOCs)
(Gorsevski et al., 1998).
As stated, during 2007-2017, a 2ºC temperature
increase in Bogor City is likely to continue
increasing over the years. This forecast aligns
with IPCC’s prediction that the earth is expected
to be higher in temperature at 1.5ºC by 2040
(Arias et al., 2021). In order to be resilient in the
face of the increasing heat, it is recommended
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for the government to develop proposed robust
measures. According to the heat distribution
map, the policies can be differentiated into two
areas; the central area in which the microclimate
condition is severe (red coloured area) and the
suburban and peri-urban surroundings (orange,
yellow, and green coloured areas).
1. Green building endorsement with incentives
scheme for red coloured area
In Indonesia, there has been a regulation
regarding
Green
Open
Space
(GOS)
arrangements. Every city needs at least 30%
of the total area size, comprising 20% of public
GOS and 10% of private GOS (Government
Regulation No. 21 of 2021 concerning The
Organization of Spatial Planning). However,
data showed that only Surabaya, the capital
city of East Java, has successfully implemented
the regulation. According to the Vice Mayor in
Bogor City, the GOS only reached 18% in 2021.
The regulation’s implementation can be
helped by endorsing green building envelope
development. In essence, green buildings
prioritize GOS establishment and the use of
resources capable of reducing anthropogenic
heat. That means the energy, water, and
materials used in the buildings need to be
efficient, as regulated in the Law of the Republic
of Indonesia concerning “Buildings”. Technology
innovations with albedo modification, such
as lighter walls, are essential to delivering a
cooling effect (Price et al., 2015) that can also
counterbalance UHI effects.
Until now, Bogor City has not yet implemented
a green building incentives policy, unlike its
neighbouring city, Bandung. Since 2016,
Bandung has implemented this policy, being the
pioneer in Indonesia. The incentives are given
to building owners in the form of an additional
number of floors permitted and a reduction in
taxes. The application of the incentive policy
itself is not detailed and widely informed, but
it is still a good initiative (Pahnael et al., 2020).
Bogor City can start developing this incentive
scheme for buildings in the districts located in
the central area, where the heat is accumulated.
2. Adaptation of “Program Kampung Iklim” for
the orange, yellow, and green coloured areas
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On the other hand, for areas with less severe
heat, the government can implement an
adaptation of ProKlim (Program Kampung Iklim—
Climate Village Program), an existing strategy
conceived by the Ministry of Environment and
Forestry in an effort to control climate change.
This program aims to strengthen adaptation
to climate change and mitigation capacity at
a community-based site or village. One of the
action plans is to urge villagers to maintain
energy-saving behaviour. The action plan is
beneficial as it has proven in Japan that energy
efficiency approaches, alongside greening, are
helpful in tackling UHI intensity (Yamaguchi and
Ihara, 2020).

It is also imperative to consider the specified
distribution of heat intensity within the area
and create an innovative response with a clear
framework. By considering the heat intensity
distribution, a more synergistic plan may be
devised to accelerate the reduction of the heat
vulnerability of Bogor City.

ProKlim can accelerate the coordination
to combat UHI because it requires active
community engagement. A collaborative
action involving the general public will help
the mitigation succeed. However, ProKlim is
village-levelled, so the government needs to
remodel the program, adjusting to the suburban
and peri-urban communities’ behaviour and
topology.
However, urbanisation is considered the root
cause of UHI; it contributes to the failure of
the GOS policy. The difficulty in reaching the
policy’s target is primarily due to the exponential
population increase. It causes the lack of land
that can be developed into GOS. A proposed
solution to urbanisation is a policy intervention
which brings jobs to people by advancing the
potential critical sectors in the peri-urban of
Bogor City and the rural surroundings. For
instance, by facilitating the agriculture industry
and SMEs to expand job opportunities,
urbanisation can be avoided.
Conclusion
ASEAN region has already faced climate change
in the last decade. Some of ASEAN’s big cities
even suffer from microclimate change, primarily
the UHI phenomenon. One of its cities is Bogor
City, which faces a 3.4°C difference in air
temperature between the centre area and the
outskirts. This difference is due to urbanisation
and the development of land cover, an increase
in built-up land that causes an increase in air
temperature. In our opinion, GOS regulations
and ProKlim adaptation can help to combat
UHI in Bogor City. It needs to be supported
by mitigating the urbanisation phenomenon.
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