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Urban Heat Island Effects and Sustainable
Mitigation Strategies in Urban Areas:
Case Study Jakarta City

Hayder Riyadh Mohammed AL-agele *, Mohamad Fakri Zaky Jaafar,
Mohd Fairuz Shahidan

Department of Architecture, Faculty of Design and Architecture, Universiti Putra Malaysia, Serdang, 43400, Seri Kembangan, Malaysia

ABSTRACT

The overabundance of suburbs planned and built on greenfield grounds formerly classified as green-belt property is the
consequence of ineffective urban development limits. It would be unnecessary to further intrude onto precious greenfield
property, which is vital for future recreational, biodiversity, forestry, agricultural, and food supply needs. Controlling
the growth of developed land, prohibiting the construction of tall buildings close to the shore, and establishing green
open spaces with an emphasis on areas with elevated surface temperatures are the adaptation strategies for reducing
Jakarta’s urban heat island phenomenon. Urban population growth contributes to increased carbon dioxide emissions,
which exacerbates climate change. Cities are growing as a result of this expansion and require more facilities and
infrastructure. Due to heat trapped by urban buildings, part of the energy and CO2 emissions from this growth are lost.
Because of their impermeable surfaces and increased solar radiation, urban heat islands (UHI) impair thermal comfort
and have a significant impact on climate-related disasters in modern cities. Threats to infrastructure, human health,
and urban ecosystems arise from rising outside temperatures, particularly in lower-altitude cities. These initiatives
concentrate mostly on Jakarta, Indonesia, and address UHI mitigation and sustainable building practices. Architecture
must fundamentally alter the underlying principles of cities and structures to be considered truly sustainable.

Keywords: Urban heat island, Jakarta city, Urban climate, Urban planning, Review analysis

1. Introduction

In the Fifth Assessment Report of the United Na-
tions Intergovernmental Panel on Climate Change
(AR5), it is stated that the average air temperature
on the Earth’s surface will increase by about 3–5◦C
compared to the pre-industrial level by the end of this
century, global sea level surface rose about 0.19 me-
ter from 1901–2010, and the sea surface temperature
has increased due to the increased carbon dioxide
concentration in the atmosphere [1]. The global mean
temperature could increase more than 4◦C compared
to the preindustrial era, and the intensity and fre-

quency of rainfall could increase if no actions are
taken to reduce greenhouse gas emissions by 2100
also stated in the report [2]. The report predicts a
higher Earth’s surface temperature in the 20th cen-
tury, potentially worsening global climate conditions
like longer waves, extreme rainfall, warmer seawater,
and higher sea level. Studies show a 1◦C increase
in global air temperature since 1900 [3]. Population
growth in urban centres increases carbon dioxide
emissions, exacerbating climate change. This growth
drives city development, requiring more facilities and
infrastructure. This expansion results in increased en-
ergy and CO2 emissions, with some lost due to heat
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trapped by urban structures. The urban greenhouse
effect is impacted by the size of cities, the kind of
buildings used, and their height. It increases heat
stress-related diseases and ozone levels. The intensity
of urban warming depends on wind speed, direc-
tion, and solar flux. Warmer urban materials include
high-rise buildings, asphalt, concrete, dark roofs, and
impermeable materials. This is called the Urban Heat
Island, the air temperature of urban areas is higher
than the surrounding air temperature [4, 5].

The UHI significantly impacts climate-related dis-
asters in modern cities due to increased impervious
surfaces and solar irradiation, affecting thermal
comfort [6]. The elevation of outdoor temperature
generates threats to human beings, urban ecosystems,
and infrastructures, especially cities in lower altitude
areas [7]. Nearly every major city in the globe expe-
riences the UHI phenomenon. The UHI phenomenon
also occurs in Jakarta, the capital city of Indonesia
[8]. Jakarta faces UHI due to massive urbanization,
causing the degradation of Open Green Space (OGS).
Mitigation efforts should focus on densely populated
areas to prevent climate change impacts. These areas
have a relatively higher temperature among others,
due to miss-arrangement of spatial layout and poor
selection of building materials [9]. Jakarta faces a
multifaceted challenge in mitigating the urban heat
island effect, including rapid urbanization, land use
changes, infrastructure development, flooding, air
pollution, and limited green spaces. To overcome
these challenges, Jakarta requires sustainable ur-
ban planning, policy reforms, green infrastructure
investments, and community involvement, requiring
collaboration among government bodies, planners,
environmental organizations, and local communities.
This study proposes some solutions based on the steps
and actions taken by Singapore and China to address
the problem of UHI in Jakarta.

2. Article selection method

In this review investigation, peer-reviewed English-
language articles from Jakarta and Singapore were
used, along with some Chinese research that used
Google Scholar and the Web of Science database for
various dual aspects like road and LULC-related in-
formation, urban green space analysis, and UHI in
those areas. To search the relevant literature from
those two databases, several keywords are used, such
as “urban heat island,” “LULC change,” “LULC predic-
tion,” “satellite datasets,” “urban green space,” “blue
space,” and “infrastructural development”. All pub-
lications are scanned, and information regarding the
case studies conducted in Jakarta is included (Fig. 1).

3. Literature review

3.1. The UHI formation

The UHI effect, caused by built infrastructure trap-
ping and retaining heat, leads to higher temperatures
in urban areas. As urbanization increases, UHI in-
tensifies due to increased scale and population. The
intensity of the UHI is affected by variables such as
geography, climate, and human activity [10]. Build-
ing energy systems like HVAC generates waste heat,
escalating UHI. Rising temperatures increase cool-
ing demand, causing higher energy consumption and
greenhouse gas emissions. Urban heat islands are
localized warming phenomena caused by the absorp-
tion and radiating of heat by surrounding surfaces like
roads and pavements [11].

3.2. The UHI effects

The UHI effect is a global issue causing higher
temperatures in cities compared to the surrounding
countryside, threatening urban life and environmen-
tal problems. It impacts health, well-being, human
comfort, and the local atmosphere, leading to heat
stress (Fig. 2). Elevated temperatures negatively
impact urban infrastructure, human health, and com-
fort, motivating UHI mitigation measures due to
health issues, fatalities, and increased electricity and
water usage [12]. The UHI effect, exacerbated by
urban infrastructure, reduced green spaces, and hu-
man activities, increases health risks like heat stroke,
dehydration, and respiratory problems, particularly
affecting vulnerable populations like the elderly, chil-
dren, and those with pre-existing health conditions
[13, 14].

3.3. Increased Land Surface Temperature (LST)

Urban heat islands arise from impervious surfaces,
less vegetation, and increased sources of heat, such as
vehicles and buildings, absorbing and retaining heat.
Urban heat waves intensify the urban heat island
effect, causing increased temperatures in buildings
due to heat absorption and energy use [16]. Urban
areas experience local warming due to elevated sur-
face temperatures, influenced by land use, vegetation
cover, and urban morphology. High impervious sur-
faces, like roads and buildings, absorb and retain
more heat, exacerbating extreme heat events [13].

3.4. Heat absorption by building materials

Climate directly impacts city development, in-
fluencing building types, energy consumption, and
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Fig. 1. Details about the review process.

Fig. 2. The UHI phenomena [15].

materials used. Urbanization, density, and non-
natural materials like asphalt and curb stone create
the UHI effect, resulting in higher temperatures
in city centres compared to rural areas. The UHI
is primarily caused by increased urbanization and
human-made materials, leading to increased energy
needs and heating of urban landscapes. On the
other hand, pavements and roofs dominate, while

high thermal mass building materials absorb and re-
tain heat, causing environmental and public health
consequences [12]. Urban greenhouse effect inten-
sity depends on tall buildings, building materials,
and city size. Thermodynamic properties of surface
materials can accelerate local temperature profiles,
with warmer effects observed in high-rise build-
ings, asphalt, concrete, dark roofs, and impermeable
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Fig. 3. Variation between surfaces in their ability to absorb heat.

materials [4]. Rapid urbanization has led to pave-
ments covering over 30% of urban areas, causing
the UHI effect. This is due to the pavement’s higher
thermal inertia and lower evaporation rate, lead-
ing to higher air temperatures in urban areas. Hot
pavements significantly contribute to this effect, par-
ticularly in near-surface heat islands. Heat waves
cause the sun’s energy to absorb and reflect on
surfaces, increasing their temperatures (Fig. 3). Per-
meable surfaces absorb less heat, while construction
materials absorb up to 95% of the sun’s energy, ra-
diating it back into the atmosphere [17]. Structure
material’s higher thermal inertia and lower evapo-
ration rate contribute to higher air temperatures in
urban areas, forming heat islands due to higher tem-
peratures in rural areas.

3.5. Sky view factor and internal reflection

Urban planning and building geometry influence
the formation of Urban Heat Islands. High-rises in
urban canyons provide shade but do not cool down
at night. The sky view factor, which indicates visi-
bility, influences short-wave sunlight reflection and
long-wave radiation emission in urban canyons [12].

3.6. Climate change and urban heat island

Climate change is primarily caused by human ac-
tivities like burning fossil fuels, deforestation, and
burning agricultural crop residue, which releases
greenhouse gases into the atmosphere, trapping so-
lar heat and warming the Earth’s surface. This
increase, which has already increased by 1◦C since
pre-industrial times, could potentially exceed 2◦C by
the end of the century if proper strategies are not
designed [13]. The effects of climate change are be-

coming more and more obvious, having an influence
on buildings’ indoor environment quality and thermal
performance. Research focuses on energy consump-
tion, carbon emissions, and system efficiency, but
less on thermal comfort and health [18]. Rising tem-
peratures increase the risk of building overheating,
posing health risks and potentially causing fatalities
for vulnerable individuals exposed to heat and humid-
ity [19]. Urban populations are increasingly exposed
to climate-related disasters, including heatwaves, due
to rapid urbanization and ecological changes [20].
The UHI intensifies heatwaves and exacerbates urban
environmental risks, such as air pollution, in Asian
cities, where urban heatwaves are more frequent
[21].

A climate change projection suggests that global
temperatures could rise by 1.5◦C by 2040, primarily
due to human activities and the UHI effect. The rising
urban population, which is expected to reach over
60% by 2030, is causing the UHI effect, which may
increase city temperatures by several degrees, poten-
tially threatening human health [22]. The UHI and
climate change significantly impact building energy
demand. Climate change affects urban microclimate
through factors like canopy layer characteristics, land
use patterns, and local climate [23]. Climate change
reduces wind speed and cloud cover, increasing UHI
intensity and thermal stress. Rapid urbanization in-
creases land use changes, further influencing UHI
[11]. Indonesia’s tropical climate is impacted by
climate change, leading to sea-level rise, extreme
weather, and threats to ecosystems [24]. The UHI
affects buildings, increasing resource consumption,
environmental footprint, health effects, and occupant
comfort. Strategic adaptation and mitigation mea-
sures are needed to reduce risks associated with UHI
in urban planners, designers, and decision-makers
[25].
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Fig. 4. External units of cooling systems.

3.7. Population density and its impact on UHI

Urban populations now constitute 55% of the
world’s population, with growth expected to reach
68% by 2050. Cities account for two-thirds of global
energy consumption and 70% of annual carbon diox-
ide emissions [19]. Rapid urbanization is predicted to
reach 5 billion by 2030, affecting city development
due to increased demand for facilities and infrastruc-
ture. This migration of population from rural to urban
areas is causing isolated population centres to trans-
form into metropolitan cities, affecting land cover and
causing further growth (Fig. 4). As people migrate to
metropolitan areas, land surface modifications, such
as waterproof material storage, urban microclimate,
and outdoor activities, are influenced by factors such
as urban configuration, solar radiation trapping, ver-
tical obstruction, and natural vegetation [26].

3.8. Energy consumption and heat generation

UHI significantly increases energy consumption in
cities, with indoor cooling energy consumption in-
creasing by up to 4%. In dense cities, monthly cooling
energy consumption is 120% higher than in rural
areas. UHI effects are more significant in far-east
countries like Bangkok and Jakarta [27]. Cities, oc-
cupying only 3% of the planet’s surface, account for
60-80% of energy consumption and 75% of carbon
emissions. Buildings consume 35% of energy and emit
38% of greenhouse gases. Cities are crucial for re-
ducing global warming and sustainable development
[28]. Energy consumption in buildings, particularly
from cooling systems, can release heat into the sur-
rounding environment. The energy consumption of
external cooling systems in urban areas can increase
the UHI effects due to theoverall heat load.

3.9. The impact of UHI on building energy
consumption

The International Energy Agency reports a rise in
cooling energy use in buildings from 2.5% in 1990 to
6% in 2016, with tropical countries consuming 11%
of electricity for space cooling due to outdoor weather
conditions [29]. The building sector is a significant
energy consumer and emitter, necessitating energy
audits to identify efficient usage and energy savings.
As temperatures rise, buildings require more cooling
and less heating, necessitating priority efforts to re-
duce urban heat island effects [19]. The consumption
of UHI, which accounts for 31% of global energy
consumption, has a significant impact on building
energy consumption, which has increased from 1.4
billion tonnes of oil equivalent (TOE) in 1970 to 5.5
billion TOE in 2040. The high energy consumption
in buildings poses significant challenges for sus-
tainable development, including disrupting reliable
energy supply, increasing greenhouse gas emissions,
and exacerbating air pollution. Factors like ambient
temperature, building characteristics, and appliances’
performance are crucial in reducing UHI [30].

3.10. The impact of high ambient temperatures on
electricity demand

Global warming and urban heat islands increase
ambient temperature, intensifying energy consump-
tion for cooling buildings, particularly in tropical
regions. This leads to peak electricity demand, in-
creased power plant construction, and increased
electricity supply costs, stressing consumers and net-
works [31]. Thus, global warming and the UHI
effect significantly increase energy consumption in
buildings, particularly in temperate and mid-latitude
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Fig. 5. Map of Jakarta city.

climates. The UHI intensity is crucial for estimating
building energy performance due to cooling demands
[32].

3.11. The lack of vegetation

Inadequate vegetation leads to the development
of urban heat islands, which are areas with sur-
faces that retain more heat than the natural ground
cover. Green spaces and vegetation help lower surface
temperatures by evapotranspiration, while the struc-
ture of urban environments retains heat overnight.
Even smaller green areas can help alleviate elevated
temperatures. Natural surroundings, characterized by
vegetation and trees, provide shade, reducing surface
and air temperatures by 10–15◦C, while buildings
and impervious surfaces diminish evaporation pro-
cesses. In general, increasing the green percentage by
10% points leads to a decrease in air temperature by
roughly 0.5◦C [33]. Urban areas’ green percentage
is essential for lowering heat buildup, boosting air
quality, and increasing microclimate—all of which
improve the city’s overall liveability.

4. Jakarta city

Jakarta, Indonesia’s capital, is a rapidly urbanized
megacity with a population of 11 million, predicted
to reach 15 million in the next decade. The rapid

urban expansion has impacted the local climate [9].
Population activities, such as industrial activities and
large-scale migration, significantly impact climate
change. Urban regions are more susceptible to the
effects of climate change because of their greater
demand for natural resources and better living stan-
dards and incomes (Fig. 5). The UHI is a climate
change risk where cities experience rapid urbaniza-
tion, leading to higher temperatures in surrounding
areas, measured using Land Surface Temperature
and atmospheric UHI [34]. Jakarta, the economic
hub of Indonesia, has seen a significant increase in
population, necessitating increased built-up areas for
infrastructure development. This has led to a rise in
greenhouse gas emissions and surface temperature,
creating a heat island effect and causing long-term
inconvenience [26].

The urban heat island effect occurs when inner
cities experience warmer temperatures than rural ar-
eas. By 2045, 220 million Indonesians will live in
urban areas, making up 69% of the total population.
Rapid urbanization is changing the climate of the
nation, especially in big cities like Jakarta, Bandung,
Surabaya, and Medan. Urbanization varies regionally,
with megacities expanding in developing countries
like Jakarta, potentially worsening climate change
impacts due to unplanned urbanization [35]. The UHI
is caused by various factors such as increased an-
thropogenic heat, reduced evaporation, heat storage,
radiation, and convection, and population and urban
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Fig. 6. Urban planning and residential crowding.

Fig. 7. LST distribution of Jakarta in 2008, 2013, and 2018 [8].

density in Asian cities, such as Jakarta, affecting so-
cial and environmental changes (Fig. 6). Jakarta’s
dense development, involving horizontal and verti-
cal growth, has led to UHI issues, worsening climate
change, and challenging sustainable city agendas due
to the rapid increase in UHI intensity [26].

4.1. Increased surface temperature in Jakarta

Jakarta’s surface temperature reached its highest
level in 2019, reaching 34◦C, a significant issue due
to the UHI vulnerability (Fig. 7). This is a major
challenge in achieving climate change mitigation and
could lead to an increase in global temperatures [26].
Over the past 12 years, 49.7% of green open space
has been converted into other land uses, leading to in-
creased outdoor temperatures, with 1-3◦C differences
between urban and rural areas [36].

4.2. UHI in Jakarta

The UHI is a phenomenon in major cities like
Jakarta, originating from the city’s central area and
spreading to any direction. Between 2008 and 2013,
there was a more marked southerly dispersion of
UHI, with temperatures above 340 rising in eastern
Jakarta.

The expansion of UHIs in Jakarta is linked to in-
tensified land development, with higher levels of
developed land causing higher air temperatures. Land
use affects temperature because of the quicker ten-
dency of more developed areas and UHI. The UHI
intensity increases with urban area, economic activ-
ity, geographical and seasonal characteristics, and
population level, indicating a significant influence
on UHI formation. Jakarta’s high population density
and economic activities, supported by commuters,
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impact land use intensity. The SUHI formation is
influenced by various land use types, including build-
ing development, commercial and service areas, and
transportation facilities. The impact of population
on UHI formation is stronger in early urbanization
stages, indicating that land use intensity increases
with population and activity intensity [8].

4.3. LST

Saputra et al. conducted a Correlation Analysis to
generate UHI derivatives from LST values in Jakarta,
using data from May, July, September, and Decem-
ber 2020, using Landsat 8 thermal infrared sensors
and USGS website data. The LST in Jakarta varies
monthly due to cloud cover, causing issues with LST
calculation. The maximum LST value is 34.36◦C in
December, while minimum values range from 13–
14◦C. Dry season temperatures are hotter than wet
season temperatures. The great temperature of LST in
July in Jakarta was yellow to red, indicating a high
symbol of LST. However, September was the hottest
month, reaching 35.73◦C. May was the coldest, with
30.65◦C. The temperature pattern varies depending
on the month, with northeast Jakarta showing the
lowest temperature in May, September, and Decem-
ber [34]. The UHI in DKI Jakarta is determined by
land surface temperature values. They are highest in
May, July, and September, with a high peak in De-
cember. The spatial distribution of UHI is influenced
by people’s activities, with more outdoor activity in-
creasing its value [35]. Based on analysing 300 points
in 60 municipalities, finding that built-up land sur-
face temperature is higher than green open space,
with differences reaching 2.8◦C. Green spaces, par-
ticularly in Jakarta West, North Jakarta, East Jakarta,
South Jakarta, and Central Jakarta, contribute to de-
creasing surface temperature [37]. A study reveals a
25% increase in settlement areas in suburban areas
due to land use changes, while barren land expan-
sion increased by 25% [35]. Vegetation decreased
by 20% and water bodies decreased by 2%, indi-
cating a worsening UHI due to global warming and
environmental changes, including increased build-up
area and barren land. LST in 2020 decreased due to
La Niña’s climatic variability, bringing lower global
temperatures, unlike El Niño, which increases global
temperatures. The study reveals that the Greater
Jakarta UHI exhibits higher land surface (LST) and
air temperature (SAT) than its surroundings, with
differences of approximately 3◦C–6◦C for LST and
1◦C–2.5◦C for SAT, indicating a noticeable UHI signal
[35].

4.4. Factors contributing to the formation of a UHI in
Jakarta

4.4.1. Urbanization without control
The need for developed areas for infrastructure de-

velopment in Jakarta has surged due to the city’s
expanding population, resulting in a reported rise
from 45,830 hectares (1997) to 55,408 ha (2009).
This has also increased greenhouse gas emissions and
surface temperature [37]. Jakarta’s rapid urbaniza-
tion since 1991 has led to increased heat retention
and reduced radiative heat emission, resulting in a
sheltering effect and an increase in the UHI phe-
nomenon due to the increased land development area
[36].

4.4.2. The lack of green zones
Jakarta faces heat issues due to overcrowding and

inadequate cooling infrastructure, causing UHI harm
in informal settlements worldwide. Jakarta is grap-
pling with the challenges of expanding land cover and
uneven surface temperature distribution (Fig. 8). The
proliferation of built areas is exacerbating rising tem-
peratures, while the reduction of green open spaces
is compounding the issue. Between 2000 and 2012,
surface temperatures above 30◦C in all regions, high-
lighting the need for improved urban development
planning that effectively addresses economic, social,
and ecological considerations [37].

Jakarta has experienced a 2.5◦C temperature in-
crease in the last 100 years due to the rapid growth
of business areas and settlements. Less than 10% of
green and open spaces remain, despite the potential
to reduce temperatures. Poor planning and spatial
control have resulted in only 5.18% of green spaces
in 2022 [38].

4.4.3. 3 population density
Jakarta, with a population exceeding 10 million, is

a densely populated city with a population density of
16,125 individuals/km2. This has led to a significant
presence of informal settlements, disproportionately
affected by the urban heat island effect [38]. The
city’s development has been influenced by the rise in
population, leading to an increase in anthropogenic
activities, building numbers, and road length [36].

4.4.4. Transportation
Jakarta and its metro area are a bustling hub of

people and traffic, with over 20 million vehicles daily
and 11% more annually (Fig. 9). With a population
density of 13,000 people per km2, motorists spend
over half their daylight hours stuck in traffic [39].
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Fig. 8. The lack of green zones in Jakarta.

Fig. 9. Vehicle density in Jakarta.

Jakarta’s urban areas are facing challenges in man-
aging human activities, as reported [40], highlighting
the increasing use of cars and the urban heat island
effect.

4.5. Mitigation strategies in Jakarta city

Heat is released into the urban environment by au-
tomobiles, air conditioners, buildings, and industrial
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Fig. 10. UHI reduction strategies [41].

operations. Heat island effects may be exacerbated
by these sources of waste heat produced by humans
or anthropogenic waste heat. One way to lessen the
effects of Urban Heat Island in Jakarta is to adopt
mitigation methods including garden cities, green
roof alternatives, shade and ventilation combined,
air quality maintenance, and anthropogenic heat. A
city experiences the urban heat island (UHI) effect
when its interior encounters much higher tempera-
tures than nearby rural regions. The land and surface
air temperatures in the inner cities of the Jakarta
region are often greater throughout the day than they
are outside. The urban heat island effect is a signifi-
cant environmental issue that affects all major cities.
The economic and environmental effects of increasing
cooling are well-documented, as are local increases in
the mean annual temperature.

It is warmer because the heat is trapped at lower
elevations. Compared to their rural neighbours, urban
heat islands may have lower-quality air and water.
Because more pollutants—waste products from hu-
mans, industry, and vehicles—are released into the
atmosphere, UHIs frequently have poorer air qual-
ity. Installing reflecting pavement and roof coatings,
which absorb less heat than conventional build-
ing materials, is an additional choice. To improve
ventilation, cities can also enact zoning laws that
vary the height of new construction. Similar to

green areas, blue infrastructure—which includes wa-
ter features like rivers, ponds, and dams—can be
an effective means of lowering temperatures. Reduc-
ing the warmth of the surrounding region may also
be achieved by including water features with green
spaces. UHI is not a recent problem in Indonesia,
especially in Jakarta (Fig. 10). It is commonly rec-
ognized that urban heat islands exist and have an
impact. But when it comes to the local level, many
people are unaware of it (the studied example in this
research is Surabaya). Although UHI has a distinct
and more complicated meaning than high rising tem-
peratures, sadly, the municipality interprets it as a
high temperature in the city (Fig. 11). Furthermore,
Surabaya has not yet had a direct UHI measurement
performed. Furthermore, this study measures UHI
conditions using CDD and maximum-minimum tem-
perature. Furthermore, this state has an impact on
how urban planning is established and carried out.
People will choose to reside in urban areas due to
the municipality’s constant expansion in these areas,
which is concentrated in the CBD, and the absence of
green space.

5. Mitigation strategies (Reference study)

The UHI effect, a result of rising surface tempera-
tures and expanding built environments, threatens a
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Fig. 11. Benefit of green space in urban heat island affected areas (https://bjspark.com/green-space-benefit/).

secure and sustainable future. Addressing this issue
requires scientific research and policy development,
focusing on sustainable solutions for urban planners
[42].

5.1. Singapore

Singapore is famous for its high standards in green
building, its use of green roofs, and the abundant
greenery incorporated into its urban planning, all
striving to build a “City in a Garden” (Fig. 12).

The worldwide effect of UHI is causing an increase
in temperatures, impacting cities like Singapore.
This effect leads to decreased productivity, higher
cooling costs, and increased carbon emissions. Singa-
pore’s built-up areas are experiencing a 0–2◦C hotter
day and night temperature. The Centre for Climate
Research Singapore (CCRS) predicts Singapore’s max-
imum daily temperature could reach 35-37 degrees
Celsius by 2100 due to rising carbon emissions and
Urban Heat Island effect. Singapore’s Ministry of
Sustainability and the Environment and Urban Rede-
velopment Authority are working together to mitigate
urban heat island impacts, focusing on technology
and innovation in policy and planning to create a
liveable, heat-resilient city. Facing this head-on, Sin-
gapore’s response zeroes in on three fronts:

I. Crafting wind corridors and optimizing shade.
II. Reducing heat absorption.
III.Curtailing heat emissions.

Notable among Singapore’s strategy against urban
heat are:

5.1.1. Urban greenery
Singapore’s Green Plan 2030 and the City in Nature

vision ensure an additional 1000ha of green space
will be set aside within 10 to 15 years, with every
residence within a 10-minute walk to a park by 2030.

5.1.2. Green building initiatives
The Building and Construction Authority (BCA) in

Singapore is promoting the use of green roofs in its
construction projects to reduce environmental im-
pacts (Fig. 13).

5.1.3. Skyrise greening
Since its launch in 2009, the Urban Spaces and

High-Rises LUSH initiative has encouraged vertical
greenery in urban areas, cutting energy cooling de-
mands by 10–31%, improving pedestrian comfort,
and lowering cooling expenses (Fig. 14).

5.1.4. Innovative materials
The UHI phenomenon, where city surfaces like

pavements and buildings absorb and hold heat, is

https://bjspark.com/green-space-benefit/
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Fig. 12. Singapore Marina Barrage as an open green space.

Fig. 13. (a) Urban greenery in Singapore, (b) Park royal Singapore architect as a green building.

Fig. 14. (a) Green walls, (b) Vertical green building tree haus green skyscraper in Singapore.
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Fig. 15. (a) Parks and gardens as public spaces, (b) Cooling parks and spaces.

exacerbated by the tropical climate and the warmth
produced by air conditioner compressors. These ele-
ments have led to a rise in Singapore’s average surface
air temperature. Consequently, using coatings that
maintain surface coolness is crucial. Fig. 15 illustrates
a novel solar-reflective coating technology. Eighty
percent of the population lives in public housing
residential estates where pilot projects employ cool
paints to lower the overall temperature. Specific paint
system parameters are needed for various surface
types, such as highways, buildings, and roofs.

5.1.5. Cooling strategies
The creation of parks and gardens, as well as the ex-

tensive planting of trees, are two of the city-
state’s many cooling initiatives. Singapore’s dedica-
tion to becoming a “City in a Garden” underscores the
significance of green infrastructure in mitigating heat
and boosting urban biodiversity (Fig. 15). Singapore
has established cooling parks and spaces, like Jurong
Lake Gardens, to offer residents pleasant outdoor ar-
eas, helping to lower temperatures and alleviate the
UHI effect.

5.1.6. Urban planning and design
The Housing and Development Board is implement-

ing sustainable urban planning strategies to mitigate
UHI in urban areas, focusing on wind flow optimiza-
tion, green spaces, and reflective materials.

5.1.7. Cool roofs and green roof installations
Singapore promotes the adoption of cool roofs that

reflect more sunlight and retain less heat to decrease
building temperatures. In addition, adding flora to
a roof may provide insulation, improve biodiversity,
and help with cooling.

5.1.8. Public awareness and education
Public involvement and education are crucial com-

ponents of Singapore’s strategy to mitigate the UHI
effect. Campaigns, workshops, and educational initia-
tives inform residents about the effects of UHI and

promote sustainable actions like energy conservation
and valuing green spaces (Fig. 16).

5.2. UHI mitigation strategies in China

China is actively addressing urban heat island ef-
fects by adopting green building practices, increasing
green spaces, and utilizing cool pavement technolo-
gies in its urban cities to combat the rapid growth
of these areas. Here are some strategies along with
examples

5.2.1. Green spaces and urban parks
Urban green spaces, such as urban parks, roads,

and green spaces around residences and workplaces,
are seen as effective in lowering the surrounding air
temperature, reducing air pollution, enhancing the
well-being of nearby individuals, and decreasing the
amount of energy used for cooling during the sum-
mer. Effective landscape planning can help alleviate
the Urban Heat Island effect by creating Urban Green
Spaces, which contribute to the formation of the Ur-
ban Cool Island effect. Creating parks with abundant
tree planting and green space can effectively lower
air temperature and establish a refreshing urban cool
island within the park boundaries. The cooling impact
of parks extends beyond their physical limits and
is impacted by the surrounding environment [43].
Cities like Beijing have been investing in creating
more green spaces, such as the Beijing Olympic Forest
Park. These areas help absorb heat, provide shade,
and improve air quality.

5.2.2. Cool roof and cool coatings on building surfaces
Cool roofs, with high thermal emissivity, can

significantly reduce surface temperatures in hot sum-
mer cities, saving energy costs by dropping surface
temperatures by approximately 20◦C and 17◦C, re-
spectively. Cool roofs, combined with phase change
materials and cool materials, can achieve indoor tem-
perature differences of over 4.5◦C (Fig. 17). These
innovative roofs effectively reduce temperature peaks
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Fig. 16. (a) Cool and green roofs, (b) Beijing Olympic Forest Park.

Fig. 17. (a) Cool roof and cool coatings on building surfaces, (b) Tianjin city and sustainable urban planning, (c) Guangzhou city and green
roofs technology, (d) Vertical forest towers of Stefano Boeri in China.

and are recommended in China’s green building eval-
uation standards to alleviate the UHI effect [44].

5.2.3. Urban planning and design
It is essential to properly assess the efficacy of UHI

mitigation techniques while thinking about ways to
optimize the beneficial influence on urban settings.
The UHI effect should be considered and imple-
mented on a large scale during urban planning project

design. Buildings in Tianjin are purposely placed to
maximize shade, and ventilation, and reduce the ur-
ban heat island effect.

5.2.4. Vertical greenery and tree planting program
Recently, Vertical Greening (VG), better known as

a vertical greening system, vertical garden, green
wall, or bio wall, has become increasingly popu-
lar in urban greening because of its compact form,
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Fig. 18. Trees-planting programs.

aesthetic appeal, and capacity to reduce the urban
heat island effect. These impacts can additionally
lead to improved psychological well-being and acous-
tic insulation, safeguarding the building’s structure,
and promoting biodiversity [44]. Chengdu and other
cities have launched extensive programs to increase
tree planting and improve urban tree cover, helping
to provide shade and cool the environment (Fig. 18).

5.2.5. Cooling centres and urban water features
Wuhan has created cooling centres and included

water features such as fountains and ponds to lower
temperatures in public areas, offering relief during
warm weather.

5.2.6. Promotion of energy-efficient buildings
Shenzhen has led the way in advocating for energy-

efficient building designs, utilizing materials that
retain less heat and incorporating innovative insula-
tion methods. Cities like Hangzhou have incorporated
smart city technologies to oversee and regulate
energy consumption, enhancing cooling system effi-
ciency and minimizing overall heat emissions.

5.2.7. Public awareness and education
Beijing has run public awareness campaigns to in-

form residents about the effects of Urban Heat Islands
and promote habits like conserving energy and reduc-
ing heat emissions. China’s strategy employs a mix of
technological, infrastructural, and policy-based mea-

sures to tackle UHI effects, aiming to foster more
sustainable and resilient cities.

6. Mitigation strategies of UHI effects

The world is at a climate crossroads where uni-
fied efforts and localized measures are crucial. To
curb temperature increases resulting from climate
change, sustained reductions in carbon emissions and
global collaboration are essential. Nonetheless, the
UHI effects caused by heat absorption from urban
infrastructure and heat generated by vehicles and
appliances can be reduced through local interven-
tions. There is a pressing need in cities to devise
sustainable strategies for mitigating and adapting to
UHI effects. The urban heat island effect has drawn
the attention of local and central governments in
Jakarta (Fig. 19). Despite numerous measures being
implemented, the issue persists. Local and central
governments in Jakarta, along with construction or-
ganizations, can implement some of the strategies
that other countries have used to mitigate UHI, such
as:

6.1. Sustainable mitigation strategies of UHI effects

Implementing effective mitigation strategies to re-
duce UHI effects requires adopting approaches that
address heat-related issues while too promoting long-
term environmental sustainability.
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Fig. 19. The environmental balance.

6.1.1. Urban planning and design
Sustainable urban development is closely linked to

spatial planning. Approaching it at the administrative
level, which involves spatial structure, is highly effec-
tive in mitigating and adapting to climate change and
rising temperatures. Spatial development planning,
which manages the expansion of built environments
and adds green open spaces, will foster a pleasant
and welcoming urban atmosphere. To address urban
environmental challenges, it’s essential to preserve
urban forests to cool buildings and pavement [37].

6.1.2. Cool impervious materials
Concrete and other construction materials typically

retain twice as much heat as natural materials like
dry soil and sand. As a result, concrete emits sig-
nificantly more heat at night than natural materials
or surfaces covered in vegetation. Research on heat
stress and strategies for mitigating it has been un-
derway for years. For instance, innovations like “cool
paving materials” and “cool roofs” have been created.
Several cities, such as Chicago, New York, and Hous-
ton, are dedicating significant efforts to maintaining
and expanding green spaces. In recent years, stud-
ies have explored the thermal properties of paving
materials, leading to the development of new and
improved materials like permeable concrete and as-
phalt, along with specialized additives and finishing
layers to boost albedo and emissivity [45]. Several
cities have established policies and programs to im-
plement cool paving materials. Consequently, Jakarta
can adopt similar measures to utilize heat-reducing
materials in the future.

6.1.3. Sustainable materials for UHI effect mitigation
The preconstruction, construction, and finishing

materials of the building significantly contribute to
heat absorption. Streets and pavements made from
impermeable, highly heat-absorbent materials, ac-
companied by paints with high thermal effects and
energy-efficient appliances that emit substantial heat,
contribute significantly to the Urban Heat Island ef-
fects. As a result, incorporating sustainable building
materials into urban infrastructure is another signif-
icant factor influencing the UHI effect. Sustainable
construction materials are together economically vi-
able and help reduce harmful emissions and Urban
Heat Island effects, thereby lessening their overall
environmental impact. Buildings should incorporate
sustainable building materials and technology in an
appropriate manner and in line with the surrounding
environment [42]. Modifying material properties can
also reduce UHI. For this situation, “cool materials”
are appropriate. Reflectivity, permeability, and light
grass cover are desired qualities of these materials
[27].

6.1.4. The role of vegetation
Vegetation cover significantly influences the in-

tensity of the urban heat island effect during heat
waves. Regions with more vegetation, like parks and
green spaces, tend to remain cooler compared to ar-
eas with less greenery. Recognizing the difficulties
and intricacies linked to urbanization is crucial. Heat
waves may initially be somewhat mitigated by ur-
banization, but with time, the issue gets worse. To
address these difficulties effectively, it is necessary
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to implement sustainable urban planning, promote
the development of green infrastructure, and adopt
energy-efficient building designs [13]. Limiting the
amount of direct sunlight that reaches the ground
and absorbing surplus moisture from the air as it
evaporates from their leaves, vegetation, and trees
serve to regulate urban temperatures. Planting trees
in public spaces, in parking lots, alongside roadways,
and in private yards helps shade impermeable sur-
faces, which in turn lowers both actual and perceived
city temperatures.

6.1.5. Creating shadow and sun shades
Shading is the most efficient method to reduce local

windchill as it prevents the body from experiencing
heat from the sun. There are numerous methods to
accomplish this. Trees are quite effective because
they provide shade and, through evaporation, aid in
cooling. One benefit of certain shade structures is
their ability to be taken down during the night, which
facilitates the release of stored heat in the soil and
buildings, resulting in a faster cooling of the city.
External sun shading is the most efficient method for
maintaining cool temperatures inside buildings [42].
A key strategy for reducing Urban Heat Islands is
to increase tree cover and create shade. The density
of leaves, leaf area, and evapotranspiration of trees,
along with their geometric properties, all contribute
to cooling. Thoughtful planning and design of urban
landscaping and green spaces can help stabilize urban
temperatures and land surface levels to some extent
[46]. Urban trees and plants serve multiple purposes:
they reduce heat islands, filter out harmful particles,
soak up excess precipitation, and enhance residents’
quality of life. The value of the living environment is
enhanced, which is a consequence that is not to be
overlooked.

6.1.6. Green roofing techniques
Green roofing is one of the effective means of miti-

gating the UHI effect through the process of ambient
air conditioning. Altering the attributes of rooftops
may serve to mitigate a portion of these concerns.
The incorporation of vegetation and soil onto vacant
rooftop areas is generally regarded as an effective
strategy for enhancing the environmental sustainabil-
ity of structures. Green roofs are therefore simply
rooftops onto which vegetation has been transplanted
onto a growing medium. Encouraging the growth
of green roofs can benefit the economy, the envi-
ronment, and the beauty of the structures. A green
roof is made up of vegetation, substrate, filter cloth,
drainage material, a root barrier, and insulation [42].

6.1.7. Green walls techniques
Another option for mitigating the UHI effect is the

use of green walls, which are adorned with lush veg-
etation. High-rises offer a larger wall surface area
compared to low-rise buildings, allowing for more
opportunities to incorporate greenery and enhance
the effectiveness of these practices. The design in-
cludes vertical walls adorned with lush vegetation,
creating a visually stunning and vibrant atmosphere.
Although it focuses on UHI mitigation techniques, it
offers a positive outlook and contributes to a more
vibrant environment. Green walls can enhance both
air quality and aesthetics by effectively eliminating
CO2 [47].

6.1.8. Use of energy-efficient appliances
Energy consumption in buildings is responsible for

a significant portion of emissions, making it a ma-
jor contributor to the effects of urban heat islands.
Efficiently managing energy usage and costs while
minimizing environmental impact throughout the en-
tire lifespan of buildings necessitates careful planning
and construction, strategic energy sourcing, and the
exploration of new materials and promotion of re-
newable energy [48]. All these elements should be
considered in order to optimise energy consumption
and consequently mitigate the heat island effect.

6.2. Developing Jakarta city resilience strategies to
confront the effects of UHI

Reducing the effects of UHI in Jakarta calls for a
comprehensive strategy that combines several tac-
tics catered to the particular difficulties and features
of the metropolis. By applying a synergistic blend
of these methods and promoting cooperation among
stakeholders, Jakarta can successfully mitigate UHI
effects and establish a more habitable and environ-
mentally friendly urban setting.

6.2.1. Suggestions strategies to reduce urban heat island
effects in Jakarta

Considering the conditions and issues in Jakarta,
along with research conducted in various cities world-
wide, the following strategy can be implemented to
tackle the heat build-up on the city’s surface, leading
to the urban heat island phenomenon:

• Increase the green area developed evenly through-
out areas of Jakarta

• Prioritized the development of green open spaces
in areas with high surface temperatures.

• Form of green open spaces, especially urban for-
est, adapted to the conditions and the availability
of existing land.
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Table 1. The possibility of applying the experience of Singapore and China in Jakarta to reduce the effects of UHI.

• Green open space in Central Jakarta with very
limited land, its shape can be a city park, urban
forest-shaped paths town, and roof garden

• Control the increase in built-up land area. Set-
tlement and business area (business) focused on
vertical development.

• Controlling the construction of tall buildings
along the coast, since can lead to stagnation of the
flow of air masses.

• Design infrastructure projects with heat-resilient
materials and techniques to reduce heat absorp-
tion and withstand high temperatures.
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• Create water bodies such as ponds, lakes, and
fountains to provide evaporative cooling and cre-
ate cool zones within the city.

• Sustainable urban planning, Jakarta needs to re-
duce slums and focus on sustainable environment
creation.

6.2.2. The possibility of Jakarta benefiting from the
experience of Singapore and China for reducing UHI
effects.

The potential for Jakarta to gain from the expertise
of China and Singapore in mitigating the impacts
of UHIs is substantial. China and Singapore have
together developed diverse tactics and activities to al-
leviate the effects of the UHI (Table 1). Jakarta could
gain information from these efforts and potentially
modify them to suit its circumstances. Several of these
tactics encompass:

By researching and incorporating the practices
of China and Singapore in mitigating the UHI
phenomenon, Jakarta can formulate customized ap-
proaches to tackle its specific obstacles and cir-
cumstances. Collaboration and knowledge sharing
between cities can also have a vital role in promoting
new solutions to reduce the effects of urbanization on
local climates.

7. Conclusion

In Jakarta, policymakers, developers, and the gov-
ernment continue to fail to give insufficient weight to
the redevelopment of derelict land and infill densifi-
cation over greenfield development. The absence of
efficient urban development boundaries has resulted
in the planning and construction of an excessive num-
ber of suburbs on greenfield sites that were previously
designated as green-belt land. Further encroachment
upon valuable greenfield land, which is essential
for future recreational, biodiversity, forestry, agri-
cultural, and food supply purposes, is unnecessary.
The adaptation measures for mitigating the urban
heat island phenomenon in Jakarta involve manag-
ing the expansion of built-up land, regulating the
construction of tall structures near the coast, and
creating green open spaces, with a particular empha-
sis on places with high surface temperatures. Areas
that do not allow for the growth of urban forests
in a spread-out and concentrated manner can be
transformed into urban forests by completing the
implementation of pathways, gardens, or rooftop gar-
dens. Aside from spatial planning and infrastructure,
public utilities encompass transportation, housing,
and education. Notable eco-projects are popping up
all over the world, including ones in China and Singa-

pore. These projects focus on sustainable construction
and mitigating the impact of urban heat islands. For
architecture to truly be sustainable, it needs to deeply
influence the foundations of buildings and cities,
bringing about fundamental change.
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