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ARTICLE INFO  ABSTRACT 

 

Article History 
 Climate change is a global issue as it drives global warming and 

heightens the impact of greenhouse gases. In the past decade, the 

Urban Heat Island (UHI) phenomenon has become a growing 

concern in major cities due to urbanization and development. This 

study aims to analyze the distribution and relationship between 

changes in Land Surface Temperature (LST), Normalized 

Difference Vegetation Index (NDVI), and Normalized Difference 

Built-up Index (NDBI) with UHI changes in Surabaya, 

Yogyakarta, and Bandung, and propose mitigation strategies. The 

descriptive quantitative approach is used in the research to 

explain the calculated area and percentage of NDVI, NDBI, LST, 

and UHI. Geographic Information System (GIS) technology, 

specifically ArcGIS 10.8, was utilized to process Landsat imagery 

data from 1994 and 2024, enabling spatial analysis and 

visualization of urban heat distribution and land use changes. 

Simple correlation analysis was also carried out to examine the 

relationship between LST and NDVI, as well as LST and NDBI. 

The analysis shows that NDVI decreased, while NDBI, LST, and 

UHI increased over the 30 years in all three cities. LST and NDVI 

have a strong inverse relationship, where increasing LST 

correlates with decreasing NDVI. NDBI shows a positive 

relationship with LST, meaning more built-up areas lead to higher 

LST and UHI. Mitigation strategies include expanding green 

spaces, adopting green building technologies, and utilizing 

renewable energy. 
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INTRODUCTION 

Data from the United Nations (2018) 

indicates that Indonesia experienced a 

significant increase in the urban 

population from 1960-2017, namely 

131.49 million people compared to rural 

areas, which only reached 44.71 million 

people. According to Muzaky (2019), 

predictions that by 2035 the percentage 

of the urban population is estimated to 

increase to 66.6%. This indicates a 

population shift from villages to cities 

that is increasing yearly. Urbanization in 
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urban areas has had a significant impact 

on the allocation of land use for 

development efforts such as 

industrialization, road infrastructure, and 

building construction using materials 

with high thermal capacity (Mas'uddin et 

al., 2023). According to Sumaryana 

(2022), urbanization always goes hand in 

hand with increased changes in land 

function and affects climate change.  

The Intergovernmental Panel on Climate 

Change (IPCC) (2018) reported that 

global climate change is intensifying due 

to human activity, with urban areas 

playing a critical role in increasing 

greenhouse gas emissions and driving 

extreme weather events. It stated that 

there have been several extreme climate 

changes with increasing intensity and 

frequency due to a temperature increase 

of 0.5°C. The urban building and 

construction sector, responsible for 37% 

of global greenhouse gas emissions and 

34% of energy consumption, further 

exacerbates this issue (UNEP, 2022). 

These changes contribute significantly to 

the decline in environmental quality, 

manifesting in air pollution, the Urban 

Heat Island (UHI) phenomenon, and 

broader climate change impacts 

(Syamsudin & Lestari, 2017). A similar 

observation was made by 

Khoshnoodmotlagh et al. (2021), who 

highlighted that urbanization causes an 

increase in the intensity of the Urban 

Heat Island phenomenon due to land 

cover changes that affect local climates.  

Climate change is a very important 

global issue, encompassing the 

phenomenon of global warming and the 

increasing impact of greenhouse gases 

(Patrianti et al., 2020). Climate change 

also exacerbates urban vulnerabilities by 

increasing the frequency of heatwaves, 

altering precipitation patterns, and 

intensifying urban flooding risks (IPCC, 

2022). According to Aini et al. (2021), 

the Urban Heat Island is a phenomenon 

where urban areas have higher 

temperatures compared to the 

surrounding rural areas. Big cities in 

Indonesia, such as Surabaya, 

Yogyakarta, and Bandung have become 

centers of economic, educational, and 

cultural growth, driving population 

growth and the expansion of built-up 

areas (BPS, 2020). However, this 

urbanization process is often not 

balanced with sustainable urban 

planning. Rapid urban growth can result 

in increased urban temperatures, loss of 

green areas, and changes in land use 

patterns that contribute to the Urban 

Heat Island phenomenon.  
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In addition to high urbanization, the 

selection of study locations is based on 

the topographical conditions of the 

regions. Surabaya, located in a lowland 

area with an elevation of 3–6 meters 

above sea level, has a humid tropical 

climate and a heat distribution 

influenced by low water infiltration and 

extensive development of concrete and 

asphalt infrastructure (Anjani, 2024). 

Yogyakarta, also situated in a lowland 

area, features a more complex 

topography with a microclimate 

influenced by Mount Merapi (Santosa, 

2016). Meanwhile, Bandung, with an 

average elevation of 768 meters above 

sea level, has a cooler tropical climate 

but faces increased LST in the city 

center due to urbanization, exacerbated 

by the basin effect that traps heat 

(Amalia, 2011). 

A survey by Arifwidodo et al. (2019) 

found that 50% of respondents in 

Bandung City experienced difficulties 

during their workplace journey due to 

hot weather. Meanwhile, research by 

Pratiwi & Jaelani (2020) stated that in 

Surabaya, UHI-affected areas are 

concentrated in the city center with 

dense buildings, while the outskirts are 

less affected. Additionally, Mustikarini 

(2022) found that in Yogyakarta, UHI is 

related to the meteorological drought 

index. The negative impacts of UHI, 

including its contributions to urban flora 

degradation, climate alteration, pollutant 

concentration increases, human health 

risks, extreme heat-related deaths, global 

warming, and diminished thermal 

comfort, further underscore the interplay 

between UHI and climate change 

(Firozjaei et al., 2020).  

Thus, the UHI phenomenon plays a 

significant role in urban life quality, 

necessitating a comprehensive 

understanding of the spatial-temporal 

variations of metropolitan areas. This is 

crucial for developing strategies for 

sustainable urban development, 

particularly in mitigating the 

interconnected impacts of UHI and 

climate change (Yang et al., 2020). 

Responding to the complexity of these 

challenges, this study aims to identify 

the distribution and relationship between 

changes in Land Surface Temperature 

(LST), Normalized Difference 

Vegetation Index (NDVI), and 

Normalized Difference Built-up Index 

(NDBI) with changes in the Urban Heat 

Island (UHI) index, and provide 

mitigation strategies to suppress Urban 

Heat Island intensity. 
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MATERIALS AND METHODS  

Location and Time 

This study was conducted in Surabaya, 

Yogyakarta, and Bandung (see Figure 

1). Data from 1994 can provide a 

baseline for understanding the condition 

of the Urban Heat Island in the past. 

Meanwhile, 2024 was chosen as the 

endpoint in this study to understand 

changes in the Urban Heat Island over 

the past 30 years. The month of image 

acquisition was chosen in July which is 

the dry season. The dry season was 

chosen because there is minimal cloud 

cover and rainfall, so the Urban Heat 

Island phenomenon can be clearer and 

easier to measure (Pratiwi & Jaelani, 

2020). 

 

Figure 1. Study Location 

 

Materials 

The data needed are Landsat 5 and 8 

imagery records with 10% cloud cover 

via USGS. The use of Landsat was 

chosen because it can accommodate 

landscape factors and location 

associations that can affect surface 

temperature (Hardianto et al., 2021). The 

data used in this study consists of raster 

and polygon data, each serving specific 

analytical purposes. The raster data 

includes Landsat imagery, with Landsat 

5 utilizing Bands B3, B4, B5, and B6, 

and Landsat 8 employing Bands B4, B5, 

B6, and B10. These datasets, sourced 

from the United States Geological 

Survey (USGS) Earth Explorer platform, 

provide spectral data essential for 

calculating Land Surface Temperature 

(LST), Normalized Difference 

Vegetation Index (NDVI), and 

Normalized Difference Built-up Index 
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(NDBI). The polygon data comprises 

district and city administrative 

boundaries for Surabaya, Yogyakarta, 

and Bandung, obtained from the 

Geospatial Information Agency. These 

boundaries ensure that spatial analyses 

are confined to the designated study 

areas. The study employed hardware in 

the form of a laptop for data processing 

and software in the form of ArcGIS 10.8 

for spatial analysis, visualization, and 

interpretation. Together, these datasets 

and tools enable a comprehensive 

understanding of the Urban Heat Island 

(UHI) phenomenon across the selected 

cities. 

 

Data Processing 

To ensure the distribution pattern of the 

Urban Heat Island (UHI), the data 

processing process is divided into the 

following stages: 

1. Calculation of Top of Atmosphere 

(TOA) which is an image correction 

with radiometric calibration where the 

value is converted into reflectance or 

radian value (Oktaviana et al., 2018): 

TOA=0.000342xBand 10+0,1…….(1) 

2. Calculation of Brightness 

Temperature (BT) which is the back 

reflection from pure surface objects 

and produces radiance on the sensor 

(Ibrahim et al., 2016): 

BT=(K₂)/ln(K^1/Lλ+1)-273,15…...(2) 

3. Calculation of the Normalized 

Difference Vegetation Index (NDVI) 

obtained by calculating Near Infrared 

with Red reflected by plants and also 

comparing Near Infrared and Red 

data (Philiani et al., 2016): 

NDVI=(NIR-RED)/(NIR+RED)…..(3) 

4. Calculation of the Normalized 

Difference Built-up Index (NDBI) is 

used to further highlight the built-up 

areas of urban areas (Isnaeni and 

Prasetyo, 2022): 

NDBI=(SWIR-NIR)/(SWIR+NIR)...(4) 

5. Calculation of the Proportion of 

Vegetation (PVI) to account for 

NDVI and minimize interference 

from moist soil conditions and 

surface energy fluxes (Sagita, 2022): 

PV=((NDVI-NDVImin)/(NDVImax-

NDVImin))²………………………….(5) 

6. Calculation of Emissivity (E) to 

determine the ability of an 

object/surface to emit radiation with a 

black body at the same temperature 

(Ar’afii et al. 2024): 

E = 0,004 x PVI + 0.986…………..(6) 

7. Calculation of Land Surface 

Temperature (LST) or land surface 

temperature where the value of LST 
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is influenced by wavelength, such as 

the wavelength that is most sensitive 

to surface temperature is thermal 

infrared (Nugroho & Dirgahayu, 

2015): 

LST=BT/([1+(λxT/∂)xln(e)])..........(7) 

8. Urban Heat Island (UHI) calculation 

is the accumulation of heat in urban 

areas due to various factors such as 

built-up land cover, non-absorbent 

surfaces, and human activities (Zhang 

et al., 2009): 

UHI=(LST-LSTmean)/(Std Dev)….(8) 

The next step after LST is calculated is 

to correlate LST with NDVI and NDBI 

which allows for an in-depth analysis of 

the relationship between surface 

temperature and the presence of 

vegetation and built-up areas. The 

research uses a descriptive quantitative 

approach to explain the calculated area 

and percentage of NDVI, NDBI, LST, 

and UHI. A simple correlation analysis 

is also conducted to examine the 

relationship between LST and NDVI, as 

well as LST and NDBI. NDVI, NDBI, 

LST, and UHI classification shown in 

Table 1.  

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

NDVI 

(Mardiatmoko, 2019) 

NDBI 

(Handayani, 2017) 

LST 

(Ramadhan, 2021) 

UHI 

(Pratiwi, 2020) 

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  

 

RESULTS AND DISCUSSION 

Distribution of NDVI, NDBI, LST, 

and UHI Changes 

Surabaya City in 1994 and 2024 

Changes in NDVI, NDBI, LST, and UHI 

in Surabaya City between 1994 and 2024 

reflect significant transformations due to 

urbanization and land use changes (see 

Table 2). In the NDVI indicator, there 

was a decrease in the non-vegetation 

area by 17.67%, accompanied by a slight 

increase in the low and medium 

vegetation categories of 3.78% and 

4.96%, respectively. A decrease in the 

high vegetation area of 2.08% indicates 

the conversion of natural vegetation land 

into built-up areas or more degraded 

vegetation areas (Diener, 2021). This can 
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be caused by the growth of urbanization 

and the increasing need for land for 

settlements and infrastructure (Mansour 

et al., 2022). 

In the NDBI indicator, a sharp decrease 

of 58.37% in the non-settlement 

category and 41.58% in the low 

settlement category reflects the reduction 

in natural areas or empty land due to 

urbanization. In contrast, the medium 

and dense settlement categories 

experienced a significant increase of up 

to 100% (overload), indicating a major 

spike in settlement development and 

human activity. This increase is likely 

due to rapid population growth, urban 

sprawl, and increasing intensity of 

development in city centers and suburbs 

(Lin et al, 2020). 

Table 2. Result of NDVI, NDBI, and LST in Surabaya 

City Class Value  Area (Ha) Difference (%) 

   1994 2024  

 NDVI 

Surabaya 

Non-Vegetation (1) -1 – 0 5020 4133 -17.67% 

Low Vegetation (2) 0.03 – 0.25 15047 15616 3.78% 

Moderate Vegetation (3) 0.25 – 0.40 8300 8712 4.96% 

High Vegetation (4) 0.40 – 1 4621 4525 -2.08% 

 NDBI 

Surabaya 

Non-Settlement (1) -1 8631 3593 -58.37% 

Low Settlement (2) 0.1 – 0.3 15756 9205 -41.58% 

Moderate Settlement (3) 0.3 – 0.5 3970 10410 100% (overload) 

High Settlement (4)  ≥ 0.5 4631 9779 100% (overload) 

 LST 

Surabaya 

1 < 20°C 4527 3647 -19.44% 

2 21-24°C 5538 4361 -21.25% 

3 25-28°C 7089 7841 10.61% 

4 29-32°C 11411 10800 -5.35% 

5 > 32°C 4424 6339 43.29% 

 UHI 

Surabaya 

Non-UHI ≤ 0 4526 4139 -8.57% 

UHI 1 0 – 2 7082 5701 -19.50% 

UHI 2 2 – 4  13815 11597 -16.06% 

UHI 3 ≥ 4 7569 11553 52.64% 

 

These changes have a direct impact on 

land surface temperatures, as reflected 

by LST. Areas with low temperatures 

(<20°C and 21–24°C) decreased by 

19.44% and 21.25%, respectively, while 

areas with moderate temperatures (25–

28°C) increased by 10.61%. The most 

significant is the 43.29% increase in 

areas with extreme temperatures 

(>32°C), which is the main indicator of 

the increasing urban heat island effect 

(UHI). This condition can be explained 

by the increasing heat emissions from 

human activities, the reduction in 
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vegetation that functions as a heat 

absorber, and the dominance of hard 

surfaces such as concrete and asphalt 

that absorb more solar radiation 

(Muzakky, 2019). The urban heat island 

effect is also clearly visible from the 

UHI data, where the Non-UHI and UHI 

1 areas decreased by 8.57% and 19.50%. 

In contrast, UHI category 3, which 

reflects the most significant impact of 

this phenomenon, increased drastically 

by 52.64%. Transformation of NDVI, 

NDBI, LST, UHI in Surabaya shown in 

Figure 2.  

 

Figure 2. Transformation of NDVI, NDBI, LST, UHI in Surabaya 

Yogyakarta City in 1994 and 2024 

NDVI shows significant changes in 

vegetation coverage in Yogyakarta from 

1994 to 2024 (see Table 3). The non-

vegetation category increased by 

16.52%, indicating an expansion of areas 

without vegetation cover such as built-up 

areas, roads, and other open lands. In the 

low vegetation category, there was a 

very small increase of 0.80%, indicating 

relative stability for areas with sparse 

vegetation cover. In contrast, the 

medium vegetation category experienced 

a significant decrease of -15.37%. 

Likewise, the high vegetation category 

decreased by -12.80%. This decrease in 

medium and high vegetation cover 

indicates that natural green areas such as 

forests, productive agricultural lands, 

and other dense vegetation have been 

converted into built-up areas. This 

phenomenon is generally caused by 

infrastructure development, and 

increasing population that requires land 

for settlements, industry, and other 

facilities (Carillo et al., 2021; Dickinson 

et al., 2022).  
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NDBI reflects the level of regional 

development in Yogyakarta which has 

increased significantly in the last 30 

years. The non-residential category 

increased by 39.00%, indicating the 

development of land that was previously 

not used for construction. In the low-rise 

residential category, the area increased 

by 35.29%, indicating the transformation 

of the area from being rural to an area 

with new residential development. 

However, the medium-rise residential 

category experienced a sharp decline of -

42.33%. This decline was most likely 

caused by land intensification, where 

areas that were previously medium-rise 

residential areas were converted into 

high-rise residential areas, which 

experienced a remarkable increase of 

100%. This change indicates land use 

densification due to population growth 

and increasing space needs (Surya et al., 

2021). This phenomenon is often found 

in areas experiencing rapid urbanization, 

where limited land forces more intensive 

use of space, for example through the 

construction of apartments, high-rise 

buildings, or dense residential clusters 

(Bibri et al., 2020). 

Table 3. Result of NDVI, NDBI, and LST in Yogyakarta 

City Class Value  Area (Ha) Difference (%) 

   1994 2024  

 NDVI 

Yogyakarta 

Non-Vegetation (1) -1 – 0 9611 11199 16.52% 

Low Vegetation (2) 0.03 – 0.25 13830 13940 0.80% 

Moderate Vegetation (3) 0.25 – 0.40 7441 6297 -15.37% 

High Vegetation (4) 0.40 – 1 2055 1792 -12.80% 

 NDBI 

Yogyakarta 

Non-Settlement (1) -1 162.44 225.8 39.00% 

Low Settlement (2) 0.1 – 0.3 540.3 730.8 35.29% 

Moderate Settlement (3) 0.3 – 0.5 2132.9 1229.3 -42.33% 

High Settlement (4)  ≥ 0.5 456.7 1107.9 100% (overload) 

 LST 

Yogyakarta 

1 < 20°C 76.3 108.8 42.56% 

2 21-24°C 255.5 486.6 90.45% 

3 25-28°C 811.5 1041.9 28.37% 

4 29-32°C 1461.6 1213.4 -16.99% 

5 > 32°C 688.4 443.1 -35.63% 

 UHI 

Yogyakarta 

Non-UHI ≤ 0 253.3 114.2 -54.89% 

UHI 1 0 – 2 900.2 538.7 -67.11% 

UHI 2 2 – 4  1455 1474 1.29% 

UHI 3 ≥ 4 684.6 1165.9 41.28% 

 

LST shows the direct impact of land use 

changes on surface temperature (Puspita, 

2023). In 2024, there is an increase in 

the area in the low to moderate 
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temperature category. The temperature 

category <20°C increases by 42.56%, 

while the temperature of 21–24°C 

increases drastically by 90.45%. This 

increase in area indicates possible 

mitigation efforts, such as reforestation 

and the use of environmentally friendly 

construction materials in certain areas 

(Noveri, 2020). On the other hand, the 

temperature category 25–28°C also 

increases by 28.37%, while the higher 

temperature categories 29–32°C and 

>32°C decrease by -16.99% and -

35.63%, respectively. 

The UHI phenomenon shows the impact 

of urbanization on temperature 

distribution in urban areas. Non-UHI 

category, the area decreased drastically 

by -54.89%, indicating that the area not 

affected by the UHI effect is decreasing 

due to development. In the UHI 1 

category, the decrease was also very 

significant by -67.11%. This decrease 

indicates that the intensification of 

development in Yogyakarta has spread 

the urban heat island effect to a wider 

area. However, in the UHI 3 category, 

there was a large increase of 41.28%. 

This indicates that the area with the 

highest heat concentration has increased 

significantly.  Transformation of NDVI, 

NDBI, LST, UHI in Yogyakarta shown 

in Figure 3. 

 

Figure 3. Transformation of NDVI, NDBI, LST, UHI in Yogyakarta 

Bandung City in 1994 and 2024 

NDVI in Bandung shows a significant 

trend of change reflecting a decrease in 

natural vegetation cover (see Table 4). 

The non-vegetation category increased 

by 13.15%. Due to urbanization and land 

use conversion, this increase indicates 

the expansion of built-up land or non-

https://doi.org/10.20961/ge.v11i1.95660
https://jurnal.uns.ac.id/GeoEco/article/view/95660


p-ISSN 2460-0768 e-ISSN 2597-6044 GeoEco, Vol. 11, No 1. January 2025 Page. 145 – 166                                                      

https://doi.org/10.20961/ge.v11i1.95660             https://jurnal.uns.ac.id/GeoEco/article/view/95660   

 

Distribution Of Urban Heat Island… | 155 

 

green areas such as settlements, roads, 

and industrial areas. In contrast, the low 

vegetation category decreased by -

8.77%, while medium and high 

vegetation decreased by -11.08% and -

10.35%, respectively. This decrease in 

natural vegetation cover illustrates 

environmental degradation due to the 

conversion of green land into built-up 

areas. This finding is in line with Rahmy 

and Hoctor (2021), that land use changes 

in Bandung City are increasing due to 

urbanization causing a decrease in green 

cover.  

NDBI data shows a significant increase 

in non-residential areas, which increased 

by 56.50%. This illustrates new built-up 

areas, like industrial, commercial, and 

public facilities. Meanwhile, the low-

density housing category experienced 

the largest decline of -57.92%, followed 

by medium-density housing which 

decreased by -9.62%. This decline can 

be interpreted as a change in settlement 

characteristics, where low and medium-

density areas have changed into high-

density housing, which shows a 

significant increase of 100%. The 

increase in the high-density housing 

category indicates land densification in 

response to population growth, where 

land is used more intensively, including 

the construction of high-rise buildings, 

apartments, or dense settlement clusters 

(Afriyanie et al., 2020). Transformation 

of NDVI, NDBI, LST, and UHI in 

Bandung shown in Figure 4. 

 

Table 4. The result of NDVI in Bandung 1994 and 2024 

City Class Value  Area (Ha) Difference (%) 

   1994 2024  

 NDVI 

Bandung 

Non-Vegetation (1) -1 – 0 7149 8089 13.15% 

Low Vegetation (2) 0.03 – 0.25 5195 4739 -8.77% 

Moderate Vegetation (3) 0.25 – 0.40 2729 2427 -11.08% 

High Vegetation (4) 0.40 – 1 1748 1567 -10.35% 

 NDBI 

Bandung 

Non-Settlement (1) -1 1297 2030 56.50% 

Low Settlement (2) 0.1 – 0.3 8819 3711 -57.92% 

Moderate Settlement (3) 0.3 – 0.5 5842 5281 -9.62% 

High Settlement (4)  ≥ 0.5 863 5800 100% (overload) 

 LST 

Bandung 

1 < 20°C 1381 1012 -26.74% 

2 21-24°C 2871 2175 -24.24% 

3 25-28°C 4237 4219 -0.42% 

4 29-32°C 5305 5823 9.77% 

5 > 32°C 3026 3592 18.70% 

 UHI 

Bandung 
Non-UHI ≤ 0 2687 1541 -42.62% 

UHI 1 0 – 2 3561 3397 -4.60% 
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City Class Value  Area (Ha) Difference (%) 

   1994 2024  

UHI 2 2 – 4  5716 6696 17.14% 

UHI 3 ≥ 4 4856 5188 6.83% 

 

Analysis of LST changes shows an 

increase in temperature in Bandung due 

to urbanization. The temperature 

category <20°C decreased drastically by 

-26.74%, while the 21–24°C and 25–

28°C categories decreased by -24.24% 

and -0.42%, respectively. The decrease 

in this area reflects the shrinking of areas 

with lower temperatures, which are often 

associated with the presence of 

vegetation and green open spaces that 

can cool the ground surface. In contrast, 

the temperature categories of 29–32°C 

and >32°C increased by 9.77% and 

18.70%, respectively. This increase 

indicates an increase in areas with higher 

surface temperatures, caused by 

urbanization, reduced vegetation cover, 

and the use of materials that absorb and 

store heat, such as concrete and asphalt.  

The UHI phenomenon shows the real 

impact of urbanization on temperature 

distribution in the Bandung urban area. 

The Non-UHI category decreased 

sharply by -42.62%, indicating that the 

area not affected by the UHI effect is 

decreasing. The moderate intensity UHI 

categories (UHI 1 and UHI 2) decreased 

by -4.60% and increased by 17.14% 

respectively, indicating that the impact 

of UHI is spreading and expanding to 

areas that were previously not directly 

affected. In the high intensity UHI 

category (UHI 3), there was an increase 

of 6.83%, indicating a higher 

concentration of heat in certain areas. 

 

Figure 4. Transformation of NDVI, NDBI, LST, and UHI in Bandung 
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Relationship between NDVI and 

NDBI to LST 

The relationship between NDVI and 

NDBI to LST can be explained using a 

correlation graph, which depicts the 

dynamic interaction between the three 

variables from 1994 to 2024 (see Figure 

5 and Figure 6). The findings of this 

analysis indicate a strong inverse 

relationship between LST and NDVI, 

meaning that increasing surface 

temperatures are consistently associated 

with decreasing vegetation, as measured 

by NDVI. Conversely, decreasing 

surface temperatures occur 

simultaneously with increasing 

vegetation.

 

Figure 5. Correlation Result of NDVI and LST 

Findings in a study conducted by May et 

al (2020), stated that LST is negatively 

correlated with NDVI. A similar opinion 

was also conveyed in the study by 

Feldman et al (2023), the lower the 

vegetation in an area, the LST value will 

increase. This phenomenon is 

inseparable from the role of vegetation 

in providing a cooling effect on the land 

surface through the evapotranspiration 

process, which significantly reduces the 

heat trapped on the land surface. Denser 

vegetation functions as an absorber of 

solar radiation and reduces surface heat, 

which is reflected in higher NDVI values 

and lower LST (Abulibdeh, 2021).  

NDBI shows a positive relationship with 

LST, indicating that increasing built-up 

areas, such as infrastructure development 

and expanding urbanization, are directly 
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correlated with increasing surface temperatures. 

 

Figure 6. Correlation Result of NDBI and LST 

This result is the same as the research 

conducted by Guha et al (2021) if LST 

will always be positively correlated with 

NDBI. This opinion is supported by 

research by Lu et al. (2023), if dominant 

in big cities the NDBI and LST values 

will be very strongly correlated. Built-up 

areas tend to have lower albedo 

compared to vegetated areas, thus 

absorbing more solar radiation and 

emitting more heat. Building materials 

such as concrete and asphalt have high 

heat capacities, causing an increase in 

ambient temperature, which ultimately 

contributes to the urban heat island 

phenomenon (Xu et al., 2021). This can 

be seen from the increase in NDBI 

values that reflect the growth of 

residential areas, industry, and other 

urban infrastructure, which are 

simultaneously followed by an increase 

in surface temperature or LST. 

This pattern clearly shows the direct 

impact of urbanization on the urban 

environment, where reduced vegetation 

and increased development lead to a 

substantial increase in surface 

temperature. This observation is 

obtained from data showing that there 

has been an increase in LST over time 

due to a decrease in NDVI and an 

increase in NDBI. This condition 

especially occurs in rapidly developing 

urban areas, where increased 

infrastructure development to support 

the needs of urban life results in the 

conversion of green land into built-up 

areas (Mansour et al., 2022). As a result, 

the balance of the ecosystem is 

disturbed, and the urban environment 
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becomes more vulnerable to the negative 

impacts of climate change such as 

increased extreme temperatures and 

decreased air quality. The cumulative 

effect of these land use changes 

strengthens the trend of increasing LST 

in urban areas from year to year. With 

increasingly dense residential areas and 

reduced green areas that can absorb heat, 

temperatures in urban areas are 

significantly higher than in rural areas or 

more vegetative areas. 

 

Das Sein and Das Sollen Concept 

In the analysis of NDVI, NDBI, and LST 

in the three cities studied, abiotic, biotic, 

and cultural elements mutually influence 

environmental changes. Abiotic 

elements such as temperature and 

climate are reflected in the increase in 

LST as vegetation decreases and built-up 

areas increase. The increase in 

temperature is triggered by the decrease 

in vegetation cover, which makes urban 

areas hotter due to the urban heat island 

phenomenon (Morabito et al., 2021). 

Biotic elements, including vegetation, 

have decreased significantly from 1994 

to 2024. Although vegetation plays an 

important role in maintaining ecosystem 

balance, development and urbanization 

reduce green space, impacting ecosystem 

health and increasing surface 

temperatures. Meanwhile, cultural 

elements, including human activities 

such as development and urbanization, 

encourage the expansion of built-up 

areas and the reduction of vegetation. 

Lifestyle and urban growth accelerate 

the increase in NDBI, which contributes 

to the increase in LST (Zaituna et al., 

2022). The combination of these three 

elements creates an increasingly hot and 

less environmentally friendly urban 

environment, emphasizing the need for 

better planning for the balance of 

development and environmental 

conservation. 

The interplay of abiotic, biotic, and 

cultural elements in shaping urban 

environments highlights the complex 

dynamics of environmental degradation 

in rapidly growing cities. As built-up 

areas expand and vegetation diminishes, 

the ecological services provided by 

green spaces, such as carbon 

sequestration and temperature 

regulation, are significantly reduced (Fan 

et al., 2022). This not only accelerates 

the urban heat island effect but also 

diminishes biodiversity and the overall 

resilience of urban ecosystems. Cultural 

elements, particularly the unregulated 

growth of infrastructure and 
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unsustainable land-use practices, further 

exacerbate environmental stress. 

Without a conscious effort to integrate 

green infrastructure and promote 

sustainable urban development, these 

cities risk facing long-term ecological 

and health challenges. Strategic urban 

planning that prioritizes green space 

preservation and the use of climate-

resilient building materials is essential to 

mitigate these negative impacts and 

promote a more sustainable urban future 

(Abuwaer et al., 2023). 

 

Mitigation Strategy 

Surabaya requires a mitigation approach 

that reduces the intensity of the Urban 

Heat Island (UHI) through greening and 

spatial management. Greening efforts 

can be expanded by increasing high 

vegetation areas, especially around dense 

residential areas, through tree planting 

programs, city park development, and 

restoration of green open spaces (RTH). 

Integrating the concept of green building 

in new developments, such as green 

roofs and green walls, can help reduce 

local temperatures. Surabaya can also 

adopt the use of road and building 

surface materials with high albedo to 

reflect heat. Controlling urbanization 

through more integrated spatial planning 

to reduce the conversion of non-

residential land into dense residential 

areas is also important. In addition, the 

implementation of environmentally 

friendly transportation policies, such as 

increasing public transportation and 

shaded pedestrian paths, can reduce heat 

emissions from motor vehicles. In 

Yogyakarta, which shows a significant 

increase in non-vegetation areas, an 

approach is needed that balances urban 

growth with environmental conservation. 

Mitigation strategies include 

rehabilitating low and medium 

vegetation areas with local plants that 

are resistant to urban conditions. The 

addition of green corridors around dense 

residential areas can help reduce 

temperature increases. Local 

governments need to encourage the 

development of low-density areas into 

multifunctional green areas to maintain 

environmental balance. Green building 

technologies such as reflective paint and 

thermal insulation should be required in 

new building permits. In addition, 

introducing incentive policies for 

buildings that use energy-efficient and 

environmentally friendly technologies 

can help reduce the impact of 

urbanization on local warming. 
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Bandung, with a significant decline in 

moderate vegetation, requires an 

approach that focuses on vegetation 

restoration and controlling urbanization 

growth. Replanting moderate vegetation 

areas on the outskirts of the city and 

along rivers can increase carbon storage 

capacity and reduce local temperatures. 

The "Bandung Sejuk" program can be 

developed to encourage communities 

and the private sector to reforest vacant 

land. In addition, the implementation of 

environmentally-based spatial planning 

policies that limit the development of 

new non-vegetation areas is needed. 

Sustainable transportation programs, 

such as the development of renewable 

energy-based public transportation, can 

help reduce the contribution of warming 

from the transportation sector. Bandung 

can also utilize smart technology to 

monitor and manage environmental 

temperatures with an early warning 

system for extreme temperature 

increases. 

Mitigation strategies for all three cities 

require a collaborative approach between 

the government, communities, and the 

private sector. Evidence-based policies, 

monitoring environmental changes, and 

public education programs on the 

importance of adapting to climate 

change should be part of long-term 

efforts. A combination of structural 

solutions such as greening and non-

structural policies such as urbanization 

control and environmentally friendly 

incentives will be effective in reducing 

the impact of UHI and improving 

people's quality of life. 

 

CONCLUSIONS  

Surabaya experienced significant 

changes, marked by a decrease in non-

vegetation areas by -17.67%, while low 

and medium vegetation increased by 

3.78% and 4.96%, respectively, 

indicating greening efforts. However, 

high vegetation continued to decline (-

2.08%). High settlements increased 

drastically, accompanied by a significant 

decrease in non-settlement (-58.37%) 

and low settlements (-41.58%), 

reflecting intensive urbanization. High 

temperatures (>32°C) rose sharply to 

43.29%, while low temperatures (<20°C) 

fell by -19.44%. UHI category 3 in 

Surabaya increased rapidly to 52.64%, 

indicating UHI intensification, so that 

UHI conditions in Surabaya have 

improved from 1994 to 2024. 

Yogyakarta showed an increase in non-

vegetation areas by 13.5% and a 

decrease in low vegetation (-9.6%), 
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medium, and high. High-rise settlements 

also increased drastically while low-rise 

settlements decreased sharply (-64.5%), 

reflecting the change of low-density 

areas to dense areas. High temperatures 

increased by 21.3%, while low 

temperatures decreased by -19.1%. UHI 

category 3 increased by 16.5%, 

reflecting the impact of urbanization. 

Overall, UHI conditions in Yogyakarta 

also increased from 1994 to 2024. 

Bandung showed a similar pattern with a 

decrease in moderate vegetation (-

11.08%) and an increase in non-

vegetation areas (13.15%). High-rise 

settlements increased sharply, reflecting 

the growth of dense urbanization. High 

temperatures increased by 18.7%, while 

low temperatures decreased drastically (-

26.74%). UHI category 3 increased by 

6.83%, indicating the impact of 

urbanization on local warming. UHI 

conditions in Bandung also increased 

from 1994 to 2024. Of the three cities, it 

is known that the order of cities with a 

significant increase in UHI over thirty 

years is Surabaya, Yogyakarta, and 

Bandung. On the other hand, the results 

obtained if the correlation shows that 

NDVI is inversely proportional to LST 

while NDBI is directly proportional to 

LST. 
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