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Abstract. The Urban Heat Island (UHI) phenomenon occurs when urban 
areas experience higher temperatures than surrounding rural regions due to 
urbanization, land use changes, and reduced green spaces. In cities like 
Jakarta, UHI worsens climate change impacts, increases energy 
consumption, and threatens public health and quality of life. This study 
analyzes changes in UHI intensity and distribution in Jakarta between 2000 
and 2020 and projects its impacts by 2040. The methodology includes 
analyzing Landsat satellite data to map surface temperature and land use 
changes, processed using geographic information system (GIS) tools. A 
2040 projection is made using an urban climate model simulating 
temperature trends based on urbanization and land use patterns. Findings 
suggest that UHI intensity in Jakarta increased significantly from 2000 to 
2020, particularly in densely built areas with limited green space. The 2040 
projection indicates that without strong mitigation efforts, UHI will continue 
to rise, negatively affecting public health and increasing energy demand. 
However, strategies such as expanding green spaces and adopting eco-
friendly building technologies can significantly reduce UHI intensity, 
helping mitigate climate change impacts. This research provides critical 
guidance for urban planners and policymakers to implement effective UHI 
mitigation strategies, promoting sustainable urban development and 
enhancing the resilience of Jakarta’s urban environment against future 
climate challenges. 

1 Introduction 
Rapid urbanization has become a global phenomenon that significantly influences urban 
dynamics and development patterns in many parts of the world, including Indonesia. The 
movement of people from rural areas to urban centers has been one of the defining trends of 
modern population growth, driven by factors such as economic opportunities, improved 
access to services, and the perceived quality of life in cities. According to data from the [1], 
Indonesia has seen a remarkable transformation in its demographic structure over the past 
few decades. Between 1960 and 2017, the urban population surged by 131.49 million people, 
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reflecting the country’s transition from a largely rural society to one that is increasingly urban 
in contrast, rural areas saw only a modest increase of 44.71 million people over the same 
period, highlighting the concentration of growth in cities. This demographic shift is expected 
to continue, with predictions from the Central Statistics Agency suggesting that by 2035, 
around 66.6% of Indonesia’s population will reside in urban areas [2].  

Rapid urbanization is transforming population distribution and affecting land use, 
infrastructure, and environmental sustainability. As cities grow, large areas of land are 
converted into residential, commercial, and industrial zones [3], accompanied by 
infrastructure development like roads and high-density buildings [4]. This urban expansion 
increases the demand for materials such as concrete, asphalt, and steel, which absorb heat 
and contribute to the urban heat island (UHI) effect [5]. The loss of vegetation and green 
spaces worsens this effect, leading to higher temperatures, increased energy consumption for 
cooling, pressure on water resources, and poorer air quality, all of which impact public health 
[6]. 

Urbanization leads to an increase in UHI intensity, where urban areas experience higher 
temperatures than surrounding less-developed regions. Research by [7] shows that land cover 
changes due to urbanization significantly contribute to this UHI intensification, affecting 
local and global climates. Higher temperatures in urban areas drive increased energy 
consumption for cooling, particularly in residential and commercial sectors [8]. Jakarta, as a 
rapidly growing metropolis, exemplifies the impact of urbanization on UHI distribution and 
intensity, with land cover transformations causing higher surface temperatures than its 
surroundings [9]. To address these challenges, sustainable and resilient urban planning is 
crucial, including promoting green infrastructure and climate-resilient strategies [10]. This 
study aims to analyze UHI distribution, transformation, and projections in Jakarta. The 
novelty of this research lies in its unique combination of historical (2000–2020) and future 
(2040) projections of the Urban Heat Island (UHI) effect in Jakarta, using NDVI, NDBI, and 
LST data. By analyzing how urbanization and land cover changes influence UHI intensity, 
this study offers new insights into the future dynamics of UHI. It also provides valuable 
information for urban planners and policymakers to develop sustainable, climate-resilient 
strategies to mitigate UHI impacts on urban communities 

2 Materials and Methods 

2.1 Location and Time 

Research on the UHI phenomenon was conducted with a case study of Jakarta City. The 
selection of Jakarta City was made considering the city's rapid urbanization and infrastructure 
development [3]. Jakarta, one of the world's largest metropolitan cities, is experiencing an 
increase in temperature due to the increasing number of built-up areas replacing green open 
spaces. This condition is exacerbated by the absorption of heat by concrete and asphalt 
surfaces, which causes urban temperatures to be higher than the surrounding areas [11]. 
Imagery data was obtained in 2000 and 2020 via USGS while 2040 was obtained via 
projection. The month of image acquisition was selected in August, which coincides with the 
dry season. This season was chosen because of the low cloud cover and minimal rainfall, 
allowing the UHI phenomenon to be observed more clearly and its measurement easier [12].  

2.2 Materials 

The data needed are Landsat 5 for data in 2000 and Landsat 8 for data in 2020 imagery 
records with 10% cloud cover via USGS. By applying spectral transformations, we converted 
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Landsat imagery into NDVI, NDBI, LST, and UHI. Table 1 provides information on the 
classification of each transformation result. The equipment in this study is hardware in the 
form of a laptop and software in the form of ArcGis Pro 10.8 and a plugin in QGIS namely 
MOLUSCE (Modules for Land Use Change Evaluation). MOLUSCE is a spatial analysis 
tool that allows modeling and predicting land use changes based on factors such as 
topography, distance to roads, and settlements [13]. This plugin will be used to make 
projections for the next 20 years. 

2.3 Data Processing 

• Calculation of Top of Atmosphere (TOA): 
TOA = 0.000342 x Band 10 + 0,1………………………………………………...(1) 

• Calculation of Brightness Temperature (BT): 
𝐵𝐵𝐵𝐵 = 𝐾𝐾₂

𝑙𝑙𝑙𝑙(𝐾𝐾1
𝐿𝐿𝐿𝐿+1)

− 273,15………………………………………………………....(2) 

• Calculation of the Normalized Difference Vegetation Index (NDVI): 
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = (𝑁𝑁𝑁𝑁𝑁𝑁−𝑅𝑅𝑅𝑅𝑅𝑅)

(𝑁𝑁𝑁𝑁𝑁𝑁+𝑅𝑅𝑅𝑅𝑅𝑅)………………………………………………………………..(3) 
• Calculation of the Normalized Difference Built-up Index (NDBI): 

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆−𝑁𝑁𝑁𝑁𝑁𝑁
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆+𝑁𝑁𝑁𝑁𝑁𝑁……………………………….........………………………….(4) 

• Calculation of the Proportion of Vegetation (PVI): 
𝑃𝑃𝑃𝑃 = ( 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁−𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁)²………………....……….........................……………(5) 
• Calculation of Emissivity (E): 

E = 0,004 x PVI + 0.986……………..…………............………….……………...(6) 
• Calculation of Land Surface Temperature (LST): 

𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐵𝐵𝐵𝐵
[ 1+(𝜆𝜆 𝑥𝑥 𝑇𝑇𝜕𝜕)𝑥𝑥 𝑙𝑙𝑙𝑙(𝑒𝑒)]

………………………...…….....………….……...………(7) 

• Calculation of Urban Heat Island (UHI): 
𝑈𝑈𝑈𝑈𝑈𝑈 = 𝐿𝐿𝐿𝐿𝐿𝐿−𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑜𝑜𝑜𝑜 ……………………………………….…………………(8) 
 

Table 1. NDVI, NDBI, LST, and UHI classification 
NDVI NDBI LST UHI 

Class Value Class Value Class Value Class Value 
Non-

Vegetation -1 – 0 Non-
Settlement -1 - 0 1 < 20°C Non-

UHI ≤ 0 

Low 
Vegetation 

0.03 – 
0.25 

Low 
Settlement 0.1 – 0.3 2 21-

24°C UHI 1 0 - 2 

Moderate 
Vegetation 

0.25 – 
0.40 

Moderate 
Settlement 0.3 – 0.5 3 25-

28°C UHI 2 2 - 4 

High 
Vegetation 0.40 – 1 High 

Settlement ≥ 0.5 4 29-
32°C UHI 3 ≥ 4 

  5 > 32°C  

To perform a projection with the MOLUSCE plugin, the first thing to note is that the data 
used has the same spatial resolution (cell size) coordinates. Data that can be processed with 
MOLUSCE is data in raster. The overall data analysis workflow can be seen in Figure 1. 
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Fig. 1. MOLUSCE analysis 

The research uses a descriptive quantitative approach to explain the calculated area and 
percentage of UHI. A simple correlation analysis is also conducted to examine the 
relationship between LST and NDVI, as well as LST and NDBI.  

3 Result and Discussion 

3.1 NDVI Result of Jakarta 

NDVI is an important indicator to measure the density and health of vegetation in an area 
[14]. NDVI values range from -1 to 1, where negative values or close to zero indicate non-
vegetated areas (such as water, buildings, or other built-up areas), while values close to 1 
indicate areas with high vegetation. In 2000, Jakarta still had significant vegetation cover. 
Areas with high vegetation (NDVI value 0.40 - 1) reached 906.41 hectares, which is an 
indicator that there is quite a large green area in the city. Areas with moderate vegetation 
(NDVI value 0.25 - 0.40) covered 323.60 hectares, and low vegetation (NDVI value 0.03 - 
0.25) covered 17.34 hectares. Areas without vegetation or built-up areas only covered 69.67 
hectares. Meanwhile, in 2020, there was a drastic change in vegetation cover. The area with 
high vegetation decreased drastically to 8012.01 hectares, while the area without vegetation 
increased rapidly to 18757.53 hectares. The increase in the area without vegetation indicates 
the expansion of built-up areas due to intensive urbanization, which causes the loss of green 
areas and natural vegetation areas [15]. This decrease in vegetation is caused by land 
conversion for settlements, infrastructure, and rapid industrialization. The detailed NDVI 
values can be seen in Table 2, and their spatial distribution is shown in Figure 2. 

Table 2. The result of NDVI 

City / Year Class Value NDVI (Ha) 

Jakarta/2000 

Non-Vegetation (1) -1 – 0 69.670 
Low Vegetation (2) 0.03 – 0.25 17.339 

Moderate Vegetation (3) 0.25 – 0.40 323.599 
High Vegetation (4) 0.40 – 1 906.409 

Jakarta/2020 

Non-Vegetation (1) -1 – 0 18757.528 
Low Vegetation (2) 0.03 – 0.25 21670.877 

Moderate Vegetation (3) 0.25 – 0.40 15763.987 
High Vegetation (4) 0.40 – 1 8012.015 
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Fig. 2. Normalized Difference Vegetation Index in Jakarta 2000 (left) and 2020 (right) 

The drastic decline in vegetation cover from 2000 to 2020 shows that Jakarta faces a 
major challenge in maintaining the balance between urban growth and environmental 
sustainability. Without mitigation policies to preserve green areas, the environmental and 
health impacts of rising temperatures and pollution will become more pronounced. 

3.2 NDBI Result of Jakarta 

NDBI is used to measure the level of development of built-up areas or areas with man-made 
structures (such as buildings, roads, and infrastructure) [16]. In 2000, Jakarta's urban 
landscape was characterized by substantial development, with areas classified as high-density 
settlements (NDBI value ≥ 0.5) spanning 19,500.53 hectares. This was accompanied by an 
extensive spread of low to medium-density settlements, covering 16,204.58 hectares and 
24,113.94 hectares, respectively. These figures highlight the ongoing urbanization process at 
the time, as significant portions of the city had already undergone infrastructure expansion 
and development [17]. By 2020, the city's development trajectory had intensified, with high-
density settlement areas expanding sharply to 25,792.89 hectares. This marked a substantial 
increase in urban infrastructure, particularly in the city’s core, where population growth and 
economic activities had driven the demand for more residential and commercial space. As a 
result, non-residential areas decreased significantly, shrinking to 13,414.57 hectares, 
underscoring the widespread conversion of previously undeveloped or green areas into built-
up environments. Detailed information about NDBI in Jakarta can be found in Table 3, and 
its spatial distribution is shown in Figure 3. 

Table 3. The result of NDBI 

City / Year Class Value NDBI (Ha) 

Jakarta/2000 

Non-Settlement (1) -1 20585.879 
Low Settlement (2) 0.1 – 0.3 16204.578 

Moderate Settlement (3) 0.3 – 0.5 24113.937 
High Settlement (4)  ≥ 0.5 19500.528 

Jakarta/2020 

Non-Settlement (1) -1 13414.566 
Low Settlement (2) 0.1 – 0.3 15305.979 

Moderate Settlement (3) 0.3 – 0.5 26184.754 
High Settlement (4)  ≥ 0.5 25792.894 
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Fig. 3. Normalized Difference Built-Up Index in Jakarta 2000 (left) and 2020 (right) 

Jakarta has experienced a large development boom and expansion of built-up areas 
between 2000 and 2020. This transformation not only reflects Jakarta's rapid urban expansion 
but also highlights the growing pressure on the city’s remaining open spaces, which are 
essential for mitigating the urban heat island effect, improving air quality, and providing 
recreational areas for residents. The substantial loss of green and vacant land raises concerns 
about the long-term sustainability of the city’s development [18], as continued urbanization 
without sufficient planning could further strain its environmental resources, exacerbate heat, 
and reduce the quality of life for its inhabitants. 

3.3 LST Result of Jakarta 

Land Surface Temperature (LST) is a key metric used to assess the temperature of the Earth's 
surface, and it is highly sensitive to shifts in land use and vegetation cover [19] As urban 
areas expand and vegetation decreases, surface temperatures tend to rise, particularly in 
densely built-up cities. In Jakarta, this dynamic was evident in 2000, when surface 
temperatures below 32°C still covered the majority of the city, spanning 40,346.22 hectares. 
However, there were already signs of increasing heat, with 16,056.70 hectares experiencing 
temperatures above 32°C. This suggests that, despite ongoing urbanization, cooler zones, 
likely supported by remaining green spaces continued to dominate the city’s landscape at that 
time. By 2020, the area experiencing temperatures above 32°C expanded to 18,247.52 
hectares, reflecting the growing impact of urban development on surface temperatures. The 
increase in heat is largely attributed to the rise in built-up areas, where natural land cover is 
replaced with impervious surfaces such as concrete and asphalt. These materials are known 
for their heat-absorbing properties [20]. Detailed information about LST in Jakarta can be 
found in Table 4, and its spatial distribution is shown in Figure 4. 

Table 4. The result of LST 

City / Year Class Value LST (Ha) 

Jakarta/2000 
1 < 20°C 1099.365969 
2 21-24°C 6304.54699 
3 25-28°C 11860.7548 
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4 29-32°C 28882.864 
5 > 32°C 16056.70172 

Jakarta/2020 

1 < 20°C 9267.109374 
2 21-24°C 6812.947391 
3 25-28°C 9028.926839 
4 29-32°C 20299.18909 
5 > 32°C 18247.51643 

 

  
Fig. 4. Land Surface Temperature in Jakarta 2000 (left) and 2020 (right) 

This significant rise in surface temperature from 2000 to 2020 underscores the 
environmental consequences of rapid urban expansion. As built-up areas continue to spread, 
they not only replace natural land cover but also create conditions conducive to increased 
heat retention [21]. This has far-reaching implications, particularly in densely populated 
cities like Jakarta, where rising surface temperatures can affect energy consumption (due to 
greater demand for cooling), public health (by heightening the risk of heat-related illnesses), 
and overall urban livability. 

3.4 UHI Result of Jakarta 

The UHI phenomenon occurs when urban areas experience significantly higher temperatures 
compared to their rural surroundings, primarily due to the widespread use of heat-absorbing 
materials like concrete, asphalt, and steel, combined with the loss of natural vegetation [5]. 
In cities like Jakarta, this effect is becoming more pronounced as urbanization accelerates. In 
2000, Jakarta's areas with a high UHI intensity (UHI ≥ 4) spanned 16,056.53 hectares. 
Although urban development was already underway at that time, the UHI effect had not yet 
become overwhelming, largely because the city still retained a considerable amount of green 
spaces, which helped moderate temperatures and mitigate the effects of urban heat [22]. 
However, by 2020, the extent of high UHI areas had expanded sharply, covering 24,067.16 
hectares. This increase is a direct consequence of the substantial loss of vegetation and the 
aggressive expansion of built-up areas throughout the city. As more land is converted into 
residential, commercial, and industrial zones, green areas that once acted as natural cooling 
mechanisms have dwindled. Consequently, the UHI effect has intensified, particularly in the 
city center, where densely packed buildings and impervious surfaces trap and radiate heat.  
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Looking ahead to 2040, projections paint an alarming picture. It is estimated that the area 
affected by high UHI intensity will surge to 44,481.31 hectares, nearly encompassing the 
entire city. This dramatic increase highlights the growing environmental and public health 
challenges Jakarta will face as urbanization continues unabated. With nearly all areas of the 
city experiencing elevated temperatures, the impact on the population will be profound, 
particularly for vulnerable groups such as children, the elderly, and those with pre-existing 
health conditions. The rise in temperatures will exacerbate health risks, including heat stress, 
dehydration, and respiratory problems, and place additional pressure on public health systems 
[23]. Furthermore, the heightened demand for cooling will likely strain energy infrastructure, 
leading to higher costs and increased greenhouse gas emissions [24], creating a feedback loop 
that further worsens the city’s environmental conditions. Detailed information about UHI in 
Jakarta can be found in Table 5, and its spatial distribution is shown in Figure 5. 

Table 5. The result of UHI 

City / Year Class Value UHI (Ha) 

Jakarta/2000 

Non-UHI ≤ 0 2543.941294 
UHI 1 0 - 2 11466.26567 
UHI 2 2 - 4  34137.30172 
UHI 3 ≥ 4 16056.53066 

Jakarta/2020 

Non-UHI ≤ 0 10973.48016 
UHI 1 0 - 2 8751.045456 
UHI 2 2 - 4 20414.14832 
UHI 3 ≥ 4 24067.16284 

Jakarta/2040 

Non-UHI ≤ 0 9548.417474 
UHI 1 0 - 2 1425.062685 
UHI 2 2 - 4 8751.045456 
UHI 3 ≥ 4 44481.31116 
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Fig. 5. Urban Heat Island map in Jakarta 2000 (top left), 2020 (top right), and 2040 (bottom) 

Projections show that without significant intervention, the UHI phenomenon in Jakarta 
will increase sharply, creating major challenges for quality of life and the environment. 
Urbanization without regard for environmental impact mitigation will exacerbate this 
problem [25]. The increasing dominance of impervious surfaces such as buildings, roads, and 
industrial zones led to higher heat absorption during the day, which is then re-radiated at 
night, causing urban areas to maintain higher temperatures compared to surrounding rural 
areas. This trend is clearly illustrated in the UHI data, which shows that areas affected by 
UHI, particularly in the high-intensity category, have grown considerably between 2000 and 
2020. The projections for 2040 suggest that without intervention, Jakarta's UHI problem will 
intensify even further, with more extensive areas of the city being exposed to higher 
temperatures due to ongoing urban expansion and the further decline of green spaces. 

To address these challenges, Jakarta must implement sustainable urban planning 
strategies aimed at mitigating the UHI effect. This includes increasing the city's green spaces, 
incorporating nature-based solutions such as green roofs and urban forests, and promoting 
the use of energy-efficient building materials that reflect rather than absorb heat. Without 
such interventions, the city’s quality of life could decline significantly, with far-reaching 
implications for its residents' health, well-being, and economic productivity. 

  

9

BIO Web of Conferences 155, 03002 (2025)	 https://doi.org/10.1051/bioconf/202515503002
10th ICCC 2024



4 Conclusion 
From the research that has been done, it is known that the distribution of normalized 
difference vegetation index (NDVI) has been decreasing over the past 20 years, while the 
distribution of normalized difference built-up Index (NDBI) and land surface temperature 
(LST) has been increasing from year to year. This shows that NDVI has a negative correlation 
with LST, where the higher the NDVI, the lower the LST in an area. Meanwhile, if the NDVI 
is low, the LST will have a high value. On the other hand, NDBI has a positive correlation 
with LST, where the denser the NDBI in an area, the higher the LST in that area will be. The 
projections made in 2040 show that the UHI will increase rapidly and cover almost the entire 
area, reaching 44,481,31116 hectares. The solution that can be done to suppress or inhibit the 
UHI value so that it does not increase further is to use green roofs, create urban forests, and 
promote the use of energy-efficient building materials. 
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