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Abstract.  The structure of a city often changes in line with population 
growth and urbanization, which requires the development of infrastructure 
to meet people’s living needs. Urban heat islands (UHIs) are a phenomenon 
that occurs in urban areas experiencing much warmer temperatures than the 
surrounding rural areas. Double to the temperature rising as the result of 
climate change, UHIs will be a threat to the people. This study has been 
conducted in three locations: Bandar Lampung (the capital city of Lampung 
Province), Metro (a regency capital city), and Karawang (an industrial city 
in West Java) for the years of 2014, 2019, dan 2024. The purpose of this 
study is to prove that temperature rise is related to land cover change, and 
the UHI concept could be used as a tool to evaluate cities' segmentation 
planning. Data collection was carried out through a remote sensing method. 
Landsat 8 OLI/TIRS images processed in ArcGIS through radiometric 
correction, clipping, and result in thermally based temperature. The results 
are presented in LST, NDVI, and NDBI maps. UHI patterns were clearly 
shown in all three locations, with differences in their distribution, and the 
UHI reflected the city's segmentation. Therefore, the UHI concept should be 
applied in planning city development. 

1 Introduction  

In most countries, people migrate to urban areas in search of better life opportunities. By 
2050, the United Nations predicts that cities worldwide will hold 70% of humanity, while the 
urban population will increase by 2.5 billion people [1]. Overpopulation leads to competition 
for cities' limited resources, including houses, public services, transportation, and other 
infrastructures, water, and many other social complex problems. The city administration was 
eventually forced to utilize the city's green area to facilitate those increasing needs. 

Urban green areas function as the regulator of urban air temperatures; they reduce heating 
caused by sun radiation emitted from the building walls, concreted roads, and impervious 
surfaces. Cities’ properties create multiple short-wave radiation reflections and absorptions 
among buildings, and then long-wave radiation emission, which can considerably impact 
thermal balance, leading to more heat accumulating between urban blocks. The result is 
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increasing air temperature in urban area [2]. Facts that cities are hotter than the surrounding 
area with vegetation coverage have been reported. In Surabaya, a big city of Indonesia, the 
air temperature ranged from 23.2 to 24 °C, however the central city in the eastern part, the 
air temperature was 31to 41.1 °C [3]. In Marrocco, for a non-desert area, the air temperature 
could reach 39 °C, while in an area with vegetation coverage, the temperature was 27.3 °C 
[4]. In Sydney, Naserikia [5] it is reported that in the summer season, the temperature ranges 
from 46.8 to57 °C. 

The phenomenon that the city is hotter than the surrounding vegetative area is known as 
Urban Heat Island (UHI). The UHI effect is widely recognized as a heat accumulation 
phenomenon, which is the most obvious characteristic of urban climate caused by the 
disruption of the natural ecosystem in urban areas, such as urban construction and human 
activities [6]. UHI is a classic concept, as mentioned by Imran [7]; since that time, hundreds 
of studies related to the heat island effect have been published in academic journals. 

Liu et al. [8] conducted a UHI study to explore the spatial patterns and the dominant 
drivers of surface temperature in the Pearl River Delta, China. In New Delhi, Apriana and 
Syahrani [9] found that surface temperature changes with the increase in the impervious 
surface area, which is related to the increase in the population density. In Indonesia, UHI 
studies have been done for some big cities. Bandung, West Java that experienced a surface 
temperature increase of around 28.57% between 2018 and 2022 because of reduced 
vegetation density in the city [10].  

Originally, the UHI concept is as illustrated in Figure 1: a temperature comparison of 
different land cover, including rural area, suburban residential, commercial area, city central, 
and park. Therefore, most of the UHI research was conducted by comparing the urban area 
and rural area or vegetative area, as shown in a study of land surface area in a part of Bandar 
Lampung city. In this study, we apply the UHI concept to investigate whether Bandar 
Lampung, Metro, and Karawang have a proper city segmentation so that the hot area is 
concentrated only in a specific area and not spread or dominate the whole city area.  

Higher temperature in the city acts like climate change on a microclimate scale; UHI from 
human activities is evident at the city scale. While climate change impacts people at slowly 
graduating rate, UHI impacts city residents more intensely and quickly. Urban Heat Island 
(UHI) can increase city temperatures by 2 °C-8 °C, higher than the predicted air temperature 
rise caused by climate change. UHI reflects the increased demand for building cooling, which 
puts additional strain on energy systems, leading to higher energy consumption and 
anthropogenic heat release. However, since climate change is a complex process, research 
showed that the combined impact of UHI and climate change on building cooling demand in 
hot and humid climates yields fairly similar results.  

Fig.1. UHI concept: land surface temperature related to land cover. The air temperature of a city is 
higher than the surrounding area. 
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This research aims to investigate the UHI pattern above Bandar Lampung as the 
provincial capital city, Metro as a middle city in Lampung that has just developed, and 
Karawang in a different province (West Java) known as an industrial area, and was conducted 
in three periods of time: 2014, 2019, and 2024. This research attempted to evaluate the city's 
segmentation area; If the city reflected the UHI pattern, then it is necessary to keep the 
bordered hot area, limit the urbanization and building development so that the residents will 
feel comfortable. On the other hand, if hot spots are sparsely distributed, then the city should 
be rearranged so that the local government should strictly regulate the city segmentation area. 

2 Methods  

2.1 Research sites  

This research was conducted in Bandar Lampung City, Metro City and Karawang Regency, 
covering various types of areas following the UHI concept, including rural areas, suburban 
settlements, commercial centres, city, urban settlements, parks, suburban settlements, and 
suburban farming areas (Figure 1), using data from 2014, 2019, and 2024.  

Bandar Lampung City (5° 30' 53.821" - 5° 24' 23.310" S and 105° 15' 16.280" - 105° 20' 
42.234" E) is the capital city of Lampung Province. The city area covers approximately 
18,377 ha. This City has experienced development due to population growth, socio-
economic, and technological changes; between 1982 and 2000, the built-up land shifted to 
the north, northwest, and southeast. Then, between 2005 and 2019, to the east and northeast. 
Factors influencing the development of built-up land in this city include improvements to 
road class, port activities, the development of more university campuses, andtrade and service 
activities. 

Metro is located approximately 52 km from Bandar Lampung, with an area of  7,321 ha. 
Metro is one of the regions exhibiting rapid growth dynamics, particularly in the economic, 
technological, and spatial planning sectors. Based on data from the Central Statistics Agency, 
the population of Metro City reached 172,000. This city was designated as a Regional 
Activity Centre in the 2009–2029 Lampung Province Spatial Plan, which aims to support the 
decentralization of the role of Bandar Lampung City. 

Karawang Regency (107o02’-107o40’ E; 5o62’-6o34’ S) is located in West Java Province; 
it covers an area of 17,53 ha. This region is experiencing structural changes with industrial 
development and urbanization.  

The visual land cover of research sites was determined using Google Earth software. This 
platform allows observations by covering the research area and activating high-resolution 
imagery layers. The Historical Imagery feature allows for year-over-year land cover changes 
in the selected representative areas, which include rural areas, suburban settlements, 
commercial centres, city centres, urban settlements, parks, and agricultural areas. 

Fig. 2. City land surfaces as locations for UHI investigation  
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Fig 3. Air temperature of each city in the years 2014, 2019, and 2024 

2.2 Data Collection  

Surface daily temperature data for Bandar Lampung, Metro, and Karawang Regency, 
obtained from the NASA Weather Generator website (https://power.larc.nasa.gov/data-
access-viewer/) at the periods of 2014, 2019, and 2024. 

The city administrative boundaries map was from the Geospatial Indonesia website (Ina-
Geoportal), and the Landsat satellite imagery from the USGS Earth Explorer website 
(https://earthexplorer.usgs.gov/). These data will then be examined to determine the Urban 
Heat Island (UHI) pattern in each city and district and the UHI phenomenon from year to 
year. 

Landsat imagery maps were included, the Landsat 8 OLI/TIRS, Collection 2 Level 1 
sensor was selected, and the study area was determined based on coordinates and image 
paths/rows corresponding to the study periods of 2014, 2019, and 2024. These imagery maps 
were then downloaded and processed using ArcGIS software. This processing included 
radiometric correction, clipping, and thermal band-based surface temperature analysis. 

2.3 Data analysis  

The data analysis carried out in this study included creating a graphic pattern of the Urban 
Heat Island (UHI) from the observed data, pre-processing of satellite image data, creating an 
air temperature distribution map, creating a Normalized Difference Vegetation Index (NDVI) 
map, and creating a Normalized Difference Built-up Index (NDBI) map. 

2.3.1 Plotting air temperature to investigate the UHI pattern 

The Urban Heat Island (UHI) pattern is a temperature distribution pattern that indicates that 
urban areas have higher temperatures than surrounding rural areas. This pattern typically 
forms a curve with the highest temperatures located in the city centre, while temperatures in 
the surrounding areas tend to be low. 

2.3.2 Satellite Image Data Preprocessing.  

Administrative maps and satellite imagery were entered into ArcGIS software for spatial 
processing. Both data types were then clipped to follow the administrative boundaries of the 
study area. Cropped satellite image data cannot be directly processed because it still contains 
noise, some of which is due to differences in the position of the sun during data acquisition. 
To eliminate this noise, Top of Atmosphere (ToA) radiometric correction is used, where the 
Digital Number (DN) value is converted to ToA Reflectance for vegetation index processing 
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and ToA Radiance for land surface temperature processing. Landsat-8 data in this study were 
radiometrically corrected using the ToA method, which includes converting DN to 
reflectance values and solar correction. 

ρλ' = Mp * Qcal + Ap     (1) 

ρλ' : ToA reflectance 
Mp : Reflectance_Mult_Band_x   
Ap : Reflectance_Add_Band_x  
Qcal        : Digital Number (DN) 

The next step is to correct the image using the sun angle to eliminate differences in DN 
values caused by the sun's position. The sun's position relative to the Earth changes depending 
on the recording time and the location of the object being recorded. The equation for 
correction using the sun angle is as follows: 

𝜌𝜆 =  
𝜌𝜆′

(𝑐𝑜𝑠(𝜃𝑆𝑍))
=

𝜌𝜆′

𝑠𝑖𝑛(𝜃𝑆𝐸))
      (2) 

 
ρλ : ToA Reflectance (with sun correction) 
θSE : Sun Elevation 
θSZ : Sun zenith angle, θSZ = 90° - θSE 

To convert DN to ToA radiance, the Thermal Infrared Sensor (TIRS) channels, namely 
channels 10 and 11, are used. However, this study only used channel 10 because channel 11 
has had sensor calibration uncertainty since March 29, 2019. The equation for calculating 
ToA Radiance is as follows: 

𝐿𝜆 =  𝑀𝐿 × =  𝑄𝑐𝑎𝑙 + 𝐴𝐿   (3) 

Lλ : ToA Radiance: 
ML : Rescaling factor 
Qcal : Digital Number (DN) from the image (Band 10). 
AL : Additive rescaling factor 

2.3.3 Mapping the Normalized Difference Vegetation Index (NDVI) 

After radiometric correction, the satellite imagery is reprocessed to produce a vegetation 
index map using the Normalized Difference Vegetation Index (NDVI) algorithm. The NDVI 
calculation is used to calculate the proportion of vegetation (PV) to determine the extent of 
vegetation coverage in an area. 

The NDVI calculation is carried out using the following formula: 

𝑁𝐷𝑉𝐼 =
(𝑁𝐼𝑅−𝑅𝐸𝐷)

(𝑁𝐼𝑅+𝑅𝐸𝐷)
     (4) 

NDVI: Normalized Difference Vegetation Index (NDVI) 
NIR: Reflectance values from the near-infrared band (e.g., Band 5 on Landsat 8) 
RED: Reflectance values from the red band (e.g., Band 4 on Landsat 8) 

The NDVI results were then classified into classes: cloud and water, non-vegetation, 
sparse, moderately dense, and dense. This classification used the Natural Jenks Breaks 
method to avoid spatial error readings.   
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2.3.4 Mapping the Urban Heat Island 

Surface emissivity indicates an object's ability to radiate heat energy. This value is important 
in estimating Land Surface Temperature (LST) and is determined by calculating the 
Normalized Difference Vegetation Index (NDVI). The first step is to calculate the proportion 
of vegetation (PV) using the following formula: 

𝑃𝑉 = (
𝑁𝐷𝑉𝐼 −𝑁𝐷𝑉𝐼𝑚𝑖𝑛

𝑁𝐷𝑉𝐼𝑚𝑎𝑥+𝑁𝐷𝑉𝐼𝑚𝑖𝑛
)

2

   (5) 

PV : Proportion of Vegetation 

NDVImax: The lowest NDVI value in the study area 
NDVImin: The highest NDVI value in the study area 

The results of the proportion of vegetation (PV) calculation are used to determine 
emissivity (ε), the surface's ability to emit infrared radiation energy, which depends on the 
type of surface material. Emissivity is calculated using the following formula: 

𝜀 = 0.004 × 𝑃𝑉 + 0.986    (6) 

After the emissivity and ToA radiance values are obtained from the pre-processed data, 
the next step is to calculate the brightness temperature (BT), which is calculated based on the 
thermal radiation detected by the satellite, expressed in Kelvin. The equation for calculating 
BT is as follows: 

𝑇𝐵 =
𝐾2

𝑙𝑛(
𝐾1

𝐿𝜆
+1)

       (7) 

TB    : Brightness Temperature (Kelvin) 
K1 : Thermal constant 1 
K2 : Thermal constant 2 
Lλ : ToA Radiance 

The final step in calculating the Urban Heat Island (UHI) is obtaining the Land Surface 
Temperature (LST) value. LST is defined as the actual temperature of the land surface or 
object obtained after atmospheric correction and emissivity correction are applied to the 
Brightness Temperature (BT) value generated from satellite imagery thermal data. This 
process is crucial because the BT generated by satellite sensors is still affected by 
atmospheric conditions and surface radiation properties, so it needs to be adjusted to reflect 
the actual surface temperature. The formula used in calculating LST refers to the following 
equation: The LST results were then converted to Celsius temperatures and classified using 
the Jenks Natural Breaks method. This data processing was used to determine the UHI pattern 
in the research area. 

𝐿𝑆𝑇 =
𝑇𝐵

1+(
𝜆 𝑇𝐵

𝑐2
)𝑙𝑛 (𝜀)

    (8) 

TB : Brightness Temperature (Kelvin) 
λ  : Mid wavelength for thermal band   
c2         : 1.438×10−2mK (konstanta radiasi Planck) 
𝜀 : Emissivity 

𝑁𝐷𝐵𝐼 =
(𝑆𝐼𝑊𝑅1−𝑁𝐼𝑅)

(𝑆𝑊𝐼𝑅1+𝑁𝐼𝑅)
    (9) 

SWIR1 : Middle infrared band  
NIR : Near infrared band  
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The building density values are obtained using the Normalized Difference Built-up Index 
(NDBI) algorithm, which produces a map of built-up and open land areas to show the 
appearance of built-up land compared to other areas. NDBI processing utilizes the near 
infrared (NIR) and mid-infrared (SWIR) bands (See Equation 9). The NDBI values were then 
divided into cloud and water, non-residential, sparsely populated, densely populated, and 
very densely populated. This division used the Natural Jenks Breaks method to avoid spatial 
error readings. 

The Natural Breaks (Jenks) method is a statistical classification technique used to divide 
continuous data into several classes based on the data's natural distribution. This method aims 
to minimize variation within each class (within-class variance) and maximize variation 
between classes (between-class variance), thus producing the most representative division of 
the existing data pattern. In the context of analysing the Urban Heat Island (UHI), Normalized 
Difference Vegetation Index (NDVI), and Normalized Difference Built-up Index (NDBI) 
phenomena.  

The application of the Natural Breaks method allows the identification of zones with 
significantly different temperature, vegetation, and building density characteristics. For 
example, a study by Kious et al. [11] used this method to classify land surface temperature 
(LST) and found maximum temperature concentrations in areas with high population density, 
which aligns with results from NDBI and NDVI. The main advantage of this method is its 
ability to align class boundaries with the actual data distribution, resulting in more accurate 
and understandable classification maps. 

3 Result and Discussion  

3.1 Results  

3.1.1 UHI pattern 

Fig. 4. The UHI pattern of Bandar Lampung city in 2014, 2019, and 2024 

The land surface temperatures of Bandar Lampung 2014, 2019, and 2024 were presented 
in Figure 4. In 2014, the red area that represented the high temperature was distributed in the 
central city and spread up to the northern part of the city. A similar pattern, however, with a 
higher temperature, was shown in 2019. In 2024, surprisingly, the high temperature 
distribution was shrunk to south southwest area of the city. 
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Fig. 5. The UHI pattern of the Metro city in 2014, 2019, and 2024 

For Metro City, the high temperature area spread almost all areas of the city, both in 2014 
and 2019, with higher temperatures compared to Bandar Lampung. In 2024, the high 
temperature area was distributed in the central part of the city, while the area to the south had 
lower temperatures compared to the Central area.   

Fig. 6. The UHI pattern of the Karawang Regency in 2014, 2019, and 2024 

Even though Karawang regency is developed as an industrial area, the temperature is not 
as high as Bandar Lampung. In 2014, the high temperature area spread across all central areas 
of Karawang, the temperature in the southern area, which is the coastline, was lower. In 2019, 
the lower temperature area increased similarly to that of 2019. The maximum and minimum 
average temperature is also presented in Table 1.  

Table 1. The maximum and minimum temperatures of Bandar Lampung, Metro, and Karawang in 
2014, 2019, and 2024 

 T max 
Bandar Lampung Metro Karawang 

Average 
Standard 

Deviation 
Average 

Standard 

Deviation 
Average 

Standard 

Deviation 

1 2014 29.47 1.66 30.6 2.43 29.03 1.52 
2 2019 30.43 1.82 32.11 2.91 29.06 1.13 
3 2024 29.52 1.47 31.41 2.05 29.86 1.14 

 T min 
Bandar Lampung Metro Karawang 

Average 
Standard 

Deviation 
Average 

Standard 

Deviation 
Average 

Standard 

Deviation 

1 2014 24.14 0.6 23.03 0.71 22.48 1.21 
2 2019 24.28 1.16 23.21 1.02 22.89 1.06 
3 2024 24.16 0.84 23.79 0.88 23.1 1.36 
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3.1.2 NDVI pattern 

To investigate whether the temperature distribution of those areas is related to the presence 
of vegetation. The NDVI of those areas is presented in Figure 7 (Bandar Lampung), Figure 
8 (Metro), and Figure 9 (Karawang). However, the vegetation index was only divided into 
two categories, scarce and dense, to simplify  the investigation. 

Fig. 7. The NDVI pattern of Bandar Lampung city in 2014, 2019, and 2024 

In 2014, for Bandar Lampung, the dense vegetative area was concentrated in the east and 
west areas of the city, while the central area was occupied by a scarce vegetation area. In 
2019, the vegetation in the eastern area had disappeared only the western area was remained 
and extended to the southwest coastline area. This vegetation area remained until 2024, and 
the southeast coast line area became the green area.  

Fig. 8. The NDVI pattern of the Metro city in 2014, 2019, and 2024 

For Metro City in 2014, the southern part of the city was occupied by dense vegetation, 
while the central part tended to scarce vegetation with some dense spots up to the northern 
part. In 2019, the vegetation distribution was reversed, the northern part became denser than 
in 2014, and in 2024, the southern part back to dense vegetation again. 

Fig. 9.  The NDVI pattern of the Karawang Regency in 2014, 2019, and 2024 

In Karawang regency in 2014, dense vegetation existed in the northern part and the 
southwest area, while in the centre, the vegetation was scarce. In 2019, the vegetation started 
to occupy the central area, however, was disappeared in the northern part. Fortunately, the 
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vegetation has returned to what it was in the northern part, even though still not as dense as 
in 2014. 

3.1.3 NDBI pattern 

The factor that probably affected the land surface temperature is the energy emitted by the 
buildings. Therefore, building an index in the UHI investigation is necessary. The NDBI 
pattern for Bandar Lampung is presented in Figure 10, and Metro in Figure 11, and then 
Karawang in Figure 11. As in the vegetation index, the building index was also divided into 
two categories: scarce and dense. 

Fig. 10. The NDBI pattern of the Bandar Lampung city in 2014, 2019, and 2024 

In 2014, Bandar Lampung still had areas that were not densely occupied by buildings, 
which are in the western part and the tip of the northern part. In 2019, almost all areas of the 
city were occupied by buildings, with only a small part in the east where buildings were 
scarce. This situation had not changed until 2024. 

Fig. 11. The NDBI pattern of the Metro city in 2014, 2019, and 2024 

Interestingly, Metro has been occupied by buildings since 2014; the situation remained 
unchanged till 2019, except for some spots in the southern part. In 2024, Metro tended to 
drive building development to the central area, southern part became less buildings. Despite 
being known as an industrial development area, Karawang had wider space in the northern 
part with scarce buildings in 2014, and it even got wider in 2019 and 2024. 

Fig. 12. The NDBI pattern of the Karawang Regency in 2014, 2019, and 2024. 
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3.2 Discussion  

A study about how much converting natural vegetation to crop lands alters the local land 
surface temperature using two decades of satellite data resulted that global croplands cause a 
mean warming of 0.13 ± 0.002K. It also finds that vegetation mainly imparts net cooling 
effects across the tropics. These net tropical vegetation cooling effects are expected, 
especially where water is ample: more vegetation cover increases the land surface's ability to 
evaporate rootzone moisture beyond that of bare soil and further increases evaporation 
through enhanced friction velocity [12]. 

Table 2 shows the temperature comparison between Bandar Lampung, as a capital city, 
with the forest area near the city (Tahura National Park), and Batu Tegi, as an irrigation dam 
for the agricultural area, especially the paddy field. The table showed that Tahura with natural 
vegetation has a lower temperature compared to the city area. However, the agricultural area 
is only slightly lower compared to the city of Bandar Lampung. 

Table 2.  Temperature distribution in Bandar Lampung and the surrounding area with different land 
cover 

 2025 
T maximum T minimum 

Average STD Average STD 

1 Bandar Lampung 30.86 1.44 24.06 0.86 
2 Tahura (National Park) 28.89 1.53 21.36 0.91 
3 Batutegi (Agriculture) 30.24 1.46 24.45 0.89 

Fig. 13. The area comparison of scarce and dense vegetation and buildings in the years 2014, 2019 
and 2024 of the study area (A. Bandar Lampung, B. Metro, and C. Karawang) 

In Bandar Lampung, the areas of scarce vegetation were higher than the dense areas in 
all the years, but the dense building areas were higher than the scarce ones. Building 
development is progressive in Bandar Lampung. In Metro, the dense area of vegetation is 
higher than the scarce ones, and similar to the dense building area, which was higher than the 
scarce building area, except for the last year (2024). In Karawang dense vegetation area 
increased in 2024, accordingly, the building density decreased. The changes in the land 
surface temperature distribution in that area in 2014, 2019, and 2024 were presented in Table 
3. 
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Table 3.  Area with a temperature range 

Bandar Lampung 

2014 2019 2024 

Temperature 

(°C) 
Area (ha) 

Temperature 

(°C) 
Area (ha) 

Temperature 

(°C) 
Area (ha) 

13 - 17 1531.082 17 - 21 592.265 17 - 26 1763.558 
17 - 21 1296.562 21 - 24 2834.678 26 - 28 3732.427 
21 - 23 4464.817 24 - 26 3049.227 28 - 30 5176.072 

23 - 25 5573.876 26 - 28 5113.458 30 - 32 4062.899 
25 - 30 4700.443 28 - 31 5975.107 32 - 37 2829.328 

 
Metro 

2014 2019 2024 
Temperature 

°C 
Area (ha) 

Temperature 

°C 
Area (ha) 

Temperature 

°C 
Area (ha) 

16 - 19 603.10 18-23 317.00 25-28 751.70 
19 - 21 762.40 23-26 429.40 28-30 1823.30 
21 - 23 1594.60 26-28 1696.10 30-31 1975.50 
23 - 25 2591.00 28-29 3326.80 31-32 1772.10 
25 - 27 2211.80 29-32 2003.00 32-35 1424.70 

 
Karawang 

2014 2019 2024 
Temperature 

°C 
Area (ha) 

Temperature 

°C 
Area (ha) 

Temperature 

°C 
Area (ha) 

16 - 19 8499.74 16 - 23 2410.67 16 - 26 4030.69 
19 - 22 43209.98 23 - 27 45643.77 26 - 29 54516.33 
22 - 24 57085.88 27 - 29 77279.59 29 - 31 79059.80 
24 - 26 59120.86 29 - 31 45314.55 31 - 33 41437.2 
26 - 34 23471.71 31 - 40 20737.45 33 - 44 12340.5 

The tables showed that temperature changes were obvious. In the Bandar Lampung area 
in 2014, the temperature range was dominated by 23 °C-25 °C, and the highest temperature 
was 25 oC-30 oC. In 2019, the dominant range was 28 oC-30 °C, and this is also the maximum 
temperature. Finally, in 2024, the dominant temperature was steady in 28 oC-30 °C, and the 
maximum reached 32 oC-37 oC. In the Metro City area in 2014, the dominant temperature 
was 23 oC-25 °C, with a maximum temperature was 25 oC-27 °C. In 2014, the temperature 
was dominated by the range of 28 oC-29 °C, and the maximum was 29 oC-32 °C. In 2024, the 
area was dominated by temperatures of 30 oC-31 °C, and the maximum temperature was 32 

oC-35 °C. Karawang in 2014 was dominated by the temperature of 24 oC-26 °C, and the 
maximum was 26 oC-34 oC. In 2019, the dominant temperature was 27 oC-29 °C, and the 
maximum was 31 oC-40 °C. Finally, in 2024, the dominant temperature was 29 oC-31 °C, and 
the maximum temperature reached 33 oC-44 °C, which was extremely hot.  

To investigate whether the UHI pattern existed in these three cities related to the cities’ 
regional planning, this study expanded by comparing the maps with the cities’ segmentation 
documented in the local government papers. The Spatial Planning Plan of the City, 
hereinafter abbreviated as RTRWK, is a policy direction and strategy for the utilization of 
regional space that serves as a guideline for regional arrangement and forms the basis for the 
preparation of development programs.  

Bandar Lampung is divided into 5 regional planning with specific functions, which are: 
A. Regional planning I, has the primary functions of regional-scale trade and services as well 
as a government centre. B. Regional planning II has the main function as a campus centre, as 
an industrial area, urban settlement, urban infrastructure, as well as trade and service at the 

 
 

E3S Web of Conferences 682, 02006 (2025) https://doi.org/10.1051/e3sconf/202568202006
11   ICCC 2025th

12



regional scale; C. Regional planning III has the main function as the primary port as well as 
an area designated for industry and an additional function as urban residential areas, trade, 
and city-scale services. D. Regional planning IV has the main function as a conservation area 
and the additional functions as nature and marine tourism, seafood processing industry, an 
integrated final waste processing centre, and a fishing port. E. Regional planning V has the 
main function as an urban green open space and additional functions as a special education 
centre, urban settlement, agro-tourism and eco-tourism, trade, and regional-scale services. 

Fig. 14. Bandar Lampung regional planning segmentation 

The picture clearly described the UHI pattern in Bandar Lampung (Fig.14). The area with 
the highest temperature (32 °C-37 °C) is the Regional Planning 1, which mostly includes 
buildings that function as regional-scale trade and services, as well as the government centre. 
Regional planning 2 main function as campuses centre, industrial area, urban settlement, 
urban infrastructure, as well as trade and service or as business area has temperature in range 
of 28 °C-30 °C and this is similar to regional planning 3 that has the main function as the 
primary port as well as an area designated for industry and an additional function as urban 
residential areas, trade, and city-scale services. 

The segmentation in Bandar Lampung city is progressively better. It reflected good 
segmentation; most of Bandar Lampung is occupied with residential areas; the commercial 
area is centralized; however, the vegetation area in Bandar Lampung is negligible. There is 
no industrial area inside this city. The built-up area is concentrated in the middle of the city, 
not randomly spread. Residents of this city should choose to live not in a hot area, but in the 
East or Southeast area of the city. However, vegetation coverage in the residential area is 
negligible. Eventually , it could create problems in the future. Not just the air temperature 
increases, but also flooding is unavoidable. 

From the land surface temperature investigation, it is obvious that the city of Bandar 
Lampung lacks vegetation coverage. Assume that the area with lower temperature (17 oC-26 
°C) is a vegetation area, then Bandar Lampung has less than 30% area covered by vegetation. 
The Nature conservation area on the tip of the western area is only 2% of the city, and the 
protected forest along the coast in the southeast of the city only covers 0.8%. The local 
government should consider these facts as a warning for the city's safety from flooding and 
water source scarcity. 
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Fig. 15. Metro regional planning segmentation 

Figure 15 showed that the hottest area (31oC-32 oC) was Regional Planning 1, an area of 
Metro’s Central Business District (CBD). This hottest area was also the biggest area of Metro. 
Part of the regional planning II, which is the Centre for educational and health services are 
hottest area as well. East Metro, which is included in regional planning III for housing 
development and tourism areas, has a lower air temperature (25 °C-28 °C). North Metro is in 
regional planning IV, an area that is prepared for food security area together with regional 
planning V in South Metro, which is an agricultural area with obviously lower air temperature 
(25 °C- 28 °C). 

UHI pattern also existed in Metro, the central city, which is occupied by buildings, is the 
hottest area. However, outside this area, there are spots that have high air temperature and 
that include housing areas. Large areas seem not to be developed for special functions, 
moreover, the green area is obviously limited. Metro has to consider not expanding the hot 
area, housing, and agriculture areas could be specifically segmented. 
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Fig. 16. Karawang regional planning segmentation 

Similar to Metro, Karawang focused development only in a small part of the area, where 
regional planning I to regional planning III (city centre, business area, and public services) 
were concentrated in the western area of Karawang, creating the highest air temperature 
(31°C–34 °C). Regional planning IV and V were segmented as agricultural areas; Regional 
planning V was for the wetland agricultural area. Other areas were not developed or were 
more unproductive lands. 

From this study, it can be observed that the UHI phenomenon exists in any kind of city. 
Jayasoova and Adam (2024) [13] through their study in Poland found that UHI existed in 
small cities. UHI can be estimated as a function of the population of the city and as a function 
of the city's area. The research in various big and small cities in the USA reported that notable 
UHI effects existed in big cities, while small cities exhibited UHI effects inconsistently [14]. 
Since the mechanisms of the urban heat island effect involve complex interactions among 
multiple physical processes, urban building materials, such as concrete and asphalt, that 
possess high heat capacity and thermal conductivity in absorbing, emitting, and storing 
radiation from the atmosphere, play important roles compared to city size [15].  

Regardless of many factors that created the UHI effect, all research agreed that vegetation 
is the predominant way to mitigate the UHI effect [11,12]. Those three cities in this study 
lacked vegetation area; this should get serious attention from the local government, especially 
since the world faces global climate change. 

4 Conclusion  

UHI investigation using remote sensing techniques to evaluate an area's land surface 
condition is worth considering. It gives information about surface temperature that could also 
be used for climate change studies. The vegetation index, together with the building index, 
helps to evaluate the land coverage that is necessary for city planning. This study showed 
that UHI existed in all the study areas. It proved that UHI research could be applied to 
evaluate hot area distribution in any size and condition of the city. For residents' comfort, 
city segmentation should limit the hot areas in certain locations and keep them from spreading 
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throughout all city. This study also showed that city segmentation is reflected in land surface 
temperature. The hottest area existed in regional planning 1, which consisted of buildings 
that functioned as business activities and public services. 
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