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Abstract. The structure of a city often changes in line wptbpulation
growth and urbanization, which requires the development of infrastructure
to meetpeople’s living needsUrban heat islands (UHIs) aagphenomenon
thatoccurs inurban areas experiencing mushrmer temperatures than the
surrounding rural area®oubleto the temperature rising as thesult of
climate changeUHIs will be athreat to thepeople.This study has been
conducted in three locations: Bandar Lampuhg ¢apital city of Lampung
Province), Metro (a regency capital citgnhd Karawang (an industrial city

in West Java) for thgearsof 2014, 2019, dan 2024. The purpose of this
study is toprove thatemperature rise is related lemd cover changand

the UHI concept could be used as a tool to evaladies' segmentation
planning Data collection was carried out througlemote sensing method
Landsat 8 OLI/TIRS images processed in @8 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 locationsvith differences irtheir distribution and the

UHI reflected theeity's segmentation. Therefe, the UHI concept should be
applied in planning city development.

1 Introduction

In most countriespeople migrate to urban areassi@archof better life opportunitiesBy
205Q the United Nations pdicts that cities worldwide will hold 70% of humanityhile the
urban population will increase by 2.5 billion peoflle Overpopulation leads to competition
for cities' limited resourcesincluding houses, public services, transportatiamd other
infrastructures, wateand many other social complex problems. The city administratien
eventually forced to utilize thaty's green area to facilitate those increasing needs.

Urban geen areaBlinctionastheregulator of urban air temperaturésgyreduce heating
caused by sun radiation emitted from the buildivegls, concreted road@nd impervious
surfacesCities properties create multiple shewtave radiation reflections arabsorptios
among buildingsand then longvave radiation emission, which can considerably impact
thermal balanceleading to more heat accumulating between urban blocks. The result is
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increasing air temperature in urban gi@a Facts that cities are et thanthe surrounding
area with vegetation coverapavebeen reportedn Surabayaa big city of Indonesia, the
air temperature ranged from 23.2 to 22, however the central city in the eastern e
air temperature was 8141.1°C[3]. In Marroccq for anondesert area, the air temperature
could reach 39C, while in anarea with vegetation coveraghe temperature was 2726
[4]. In SydneyNaserikia[5] it is reported thain thesummer seasothe temperatureanges
from 46.8to57 °C.

The phenomenotthatthecity 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 grsash as urban construction and human
activities[6]. UHI is a classic concepds mentioned bimran[7]; since that time, hundreds
of studies related tthe heat island effect have been publishedd¢ademic journals

Liu et al.[8] conducteda UHI study to explore the spatial patterns and the dominant
drivers of surface temperaturetime Pearl River Delta, China. In New Dellprianaand
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
studieshavebeen done for some big cities. Bandung, West Java that experiencedca surfa
temperature increase of around 28.57% between 2018 and 2022 because of reduced
vegetation densitin the city[10].

Originally, the UHI conceptis asillustratedin Figure 1 atemperature comparison of
different land covelincludingrural area, suburban residential, commercial aigacentral,
and @ark Thereforemost ofthe UHI researchwasconducted by comparing the urban area
and rural area or vegetative araa shown in a study of land surface area in a part of Bandar
Lampung city.In this study we applythe UHI concept to investigate whether Bandar
Lampung, Metro and Karawanghavea propercity segmentation so thdahe hot areais
concentrated only ia specific area and not spreaddominatethe whole city area.

Higher temperature ithecity acts like climate changma microclimate scaléJHI from
human activities is evident at the city scaMhile climate change impacts peojleslowly
graduating rate, UHI impacts citgsidentamore intensely and quickijrban Heat Island
(UHI) can increase city temperatures by(28 °C, higher tharthe predicted air temperature
rise caused by climate amge. UHI reflects thancreasediemand for building cooling, which
puts additional strain on energy systems, leading to higher energy consumption and
anthropogenic heat releadédowever, since climate change is a complex process, research
showed thathecombined impact of UHI and climate change on building cooling demand in
hot and humid climategeldsfairly similar results.

Rural Suburbon Commerdciol City Urban Park Suburbon Rural
Residentio Residentol Residentiol Farmland

Fig.1. UHI concept: land surface temperature related to land cdWer.airtemperature of a city is
higher than theurrounding area.
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This research aims to investigate the UHI pattern above Bandar Lampung as the
provincial capital city, Metro asa middle city in Lampung thahasjust developedand
Karawang iradifferent province (West Java) knownasndustrialarea andwasconducted
in three periods of time&014, 2019, and 2027 his research attempted to evaluateditgs
segmentation area; If thaty reflected the UHI pattern, then it is necessary to keep the
bordered hot aredimit the urbanization and building developmsathat the residents will
feel comfortableOn the othehand if hot spots are sparsely distributéuen the city should
be earrangedothat the local government should striatigulatethecity segmentation area.

2 Methods

2.1 Research sites

This research was conducted in Bandar Lampung City, Metro City and Kar&egegcy,
covering various types of areas following the UHI conciygiuding rural areas, suburban
settlements, commercial centres, city, urban settlements, parks, suburban settlements, and
suburban farming areas (Figure 1), using data from 2014, 2682024.

Bandar Lampung City (5° 30' 53.8245° 24' 23.310" S ah105° 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
economi¢ and technological changes; between 1982 and,20@0builtup land shifted to
the north, northwest, and southeast. Then, between 2005 and 2019, to the east and northeast.
Factors influencing the development of buifi land in this city include improvements to
road class, port activitied)edevelopmat of moreuniversitycampusesandrade and service
activities.

Metro is located approximately 52 km from Bandar Lampung, with an ar@z38@fl ha.

Metro is one of the regions exhibiting rapid growth dynamics, particularly in the economic,
technologial, 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 2002029 Lampung Province Spatial Plan, which aims to supipert t
decentralization of the role of Bandar Lampung City.

Karawang Regencyl07°02°-10740’ E; 5°62°-6°34” S) is located in West Java Province;
it coversan area ofL7,53ha. 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 anatauiwhighresolution
imagery layers. The Historical Imagery feature allows forymaryear land cover changes
in the selected representative areadich include rural areas, suburban settlements,
commercial centres, city centregpan settlements, ges, and agricultural areas.

ot ',YZ“

w
Karawang

Bandar Lampung

Fig. 2. City land surfaces as locations for UHI investigation
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Fig 3. Air temperature of each ciip theyears2014, 2019, and 2024

2.2 Data Collection

Surface daily temperature data for Bandar Lampung, Metro, and Karawang Regency,
obtained from the NASA WeathdBeneratorwebsite https://power.larc.nasa.gov/data
accessviewer)) at the pewnds of 2014, 2019, and 2024.

The cityadministrative boundaries map was from the Geospatial Indonesia wétsite (
Geoporta), and the Landsat satellite imagery from the USGS Earth desiplwebsite
(https://earthexplorer.usgs.gpvlhese data will thebe examined to determiriee Urban
Heat Island (UHI) pattern in each city and district and the UHI phenomenon from year to
year.

Landsat imagery maps were inclugéide Landsat 8 OLI/TIRS, Collection 2 Level 1
sensor was selectednd 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 béabed surface temperature analysis.

2.3 Data analysis

The data analysis carried out in this study included creating a gnagttérn of the Urban
Heat Island (UHI) from the observed data,-precessing of satellite image data, creating an
air temperature distribution map, creating a Normalized Difference Vegetation Index (NDVI)
map, and creating a Normalized Difference Bugtindex (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 Bneapattern typically
forms a curve with the highest temperatures located in the city celmite 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 administtaiiuindaries of the

study areaCropped satellite image data cannot be directly processed because it still contains
noise,someof which is due to differences in the position of the sun during data acquisition.
To eliminate this noise, Top of Atmosphéii@A) radiometric correction is used, where the
Digital Number (DN) value is converted to ToA Reflectance for vegetation index processing


https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
https://tanahair.indonesia.go.id/portal-web/
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and ToA Radiance for land surface temperature processing. Lehdatd in this studwere
radiometrically correctedusing the ToA method, which includes converting DN to
reflectance valueand solar correction.

pA'=Mp * Qcal + Ap (1)

pA' : 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
valuescaused by the sun's position. The sun's position relative to the Earth changes depending
on the recording time and the locatiof tbe object being recordedhe equation for
correction using the sun angle is as follows:

_ pA M
pA = (cos(8SZ)) ~ sin(6SE)) (2)
pA : ToA Reflectance (with sun correction)
0SE : Sun Elevation
0SZ : Sun zenith angle, 6SZ = 90° - 6SE

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
hashad sensor calibration uncertainty since March 29, 20t#% equation for calcating
ToA Radiance is as follows:

LA = ML X = Qcal +AL (3)

LA : ToA Radiance:

ML : Rescaling factor

Qcal : Digital Number(DN) from the imageBand10).
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)teordime the extent of
vegetation coverage in an area.

The NDVI calculation is carried out using the following formula:
(NIR-RED)
(NIR+RED) ( )

NDVI: Normalized Difference Vegetation Index (NDVI)
NIR: Reflectance valuesom thenearinfrared band (e.g., Band 5 on Landsat 8)
RED: Reflectance valudsom the red band (e.g., Band 4 on Landsat 8)

The NDVI results were then classified into classes: cloud and wateyegmtation,
sparse, moderately dense, and def$gs classificiion used the Natural Jenks Breaks
method to avoid spatial error readings.

NDVI =
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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) asddetermined bycalculating the
Normalized Difference Vegetation Index (NDVI). The first step is to calculate the proportion
of vegetation (PV) using the following formula:

NDVI —~NDVImin )2 (5)
NDVImax+NDVImin

Py =

PV : Proportion 6 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 (g), the surface's ability to emit infrared radiation energy, which depends on the
type of surface material. Emissivity is calculated using the following formula:

e = 0004 x PV +0.986 (6)

After the emissivity and ToA radiance valus® obtained from the pygrocessed data,
the next @p is to calculate the brightness temperature (BT), which is calculated based on the
thermal radiation detected by the satellite, expressed in Kélkimequation for calculating
BT is as follows:

K2

Py
TB : Brightness Tempeture (Kelvin)
K1 : Thermal constant 1
K2 : Thermal constant 2
LA : 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 o
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 sikdaffey
atmosphericonditions andurface 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 Celsiugptatures and classified using
the Jenks Natural Breaks method. This data processing was used to determine the UHI pattern
in the research area.

TB

SHREEIC TR
B : Brightness Temperatui@elvin)
A : Mid wavelength for thermal band
c2 : 1.438x10%™ (konstanta radiasi Planck)
£ : Emissivity

NDBI = (SIWR1-NIR) 9)

(SWIR1+NIR)

SWIR1 : Middle infrared band
NIR : Near infrared band
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Thebuilding density valuesre obtained using the Normalized Difference Bugtindex
(NDBI) algorithm, which produces a map of builb and open land areas to show the
appearance of builip land compared to other areas. NDBI processing utilizes the near
infrared(NIR) and midinfrared (SWIR) band&See Equation)dThe NDBI valuesvere then
divided into cloud and water, naesidential, sparsely populated, densely populated, and
very densely populated. This division used the Natural Jenks Breaks method tspatiait
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 (hiit-class variance) and maximize variation
between classes (betweelass variance), thus producing the most representative division of
the existing data patterim the context of analysing the Urban Heat Island (UHI), Normalized
Difference Vegetation kex (NDVI), and Normalized Difference Builip Index (NDBI)
phenomena.

The application of the Natural Breaks method allows the identification of zones with
significantly different temperature, vegetation, and building density characteritcs.
example a study byKious 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 clas®oundaries 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 city2014,2019, and 2024

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

For Metro City the high temperature area spread almostradf the city, both in 2014
and 2019 with higher temperaturessompared to Bandar Lampunn 2024 the high
temperature aresasdistributed inthe centralpartof the city, while the area to the south had
lowertemperaturesompared to the Centratea

Fig. 6. The UHI patterrof the Karawang Regendy 2014,2019, and 2024

EventhoughKarawang regency is developed as an industrial #redemperature is not
as highas Bandar Lampung. In 20#e high temperature area spreadossll centralareas
of Karawang, the temperaturethe southerareawhich isthe coastlineywas lower. In 2019
the lower temperature area increasedlilarly to that 02019.The maximum and minimum
average tempature is also presented in Table 1.

Table 1. The maximum and minimuttemperaturesf Bandar Lampung, Metrand Karawang in
2014, 2019and 2024

Bandar Lampung Metro Karawang
T max Average Standard Average Standard Average Standard
Deviation Deviation 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
Bandar Lampung Metro Karawang
T min Average Standard Average Standard Average Standard
Deviation Deviation 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 arealated to the presence
of vegetationThe NDVI of those areais presented in Figure 7 (Bandar Lampung), Figure
8 (Metro), and Figure 9 (KarawangHowever, the vegetation indexasonly dividedinto
two categoriesscarce and dens@® simpify the investigation.

Fig. 7. The NDVI pattern of Bandar Lampung city2014,2019, and 2024

In 2014, for Bandar Lampunthe dense vegetative amasconcentrated itheeast and
westareasof the city, while the central area was occupigyl ascarce vegetation arela.
2019 the vegetation ithe easteriareahad disappeareshly thewesternarea was remained
and extendg to the southwestoastlinearea. This vegetation area remained until 2024l
thesoutheastoast line area became the green area.

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

For Metro City in 2014the 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 reverstite northern part became denser than
in 2014, and in 2024the southern part back to dense vegetation again.

Fig. 9. The NDVI pattern of the Karawang Regenny2014,2019, and 2024

In Karawangregency in 2014, dense vegetation existed in the northern pathand
southwest area, while in the centre, the vegetatmsscarceln 2019, the vegetation started
to occupy the central area, however, was disappeared in the northeffopamately the



E3S Web of Conferenceés82 02006(2025) https://doi.org/10.1051/e3sconf/202568202006
11" ICCC 2025

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 temperatthe énergy emitted by the
buildings. Therefore, buildingan index in the UHI investigation is necessarfhe NDBI
pattern for Bandar Lampung presented in Figure 10, and Metro in Figure ddd then
Karawang in Figure 11Asin the vegetation indexhebuilding index was also dividedto
two categoriesscarce and dense.

Fig. 10. The NDBI pattern of the Bandar Lampung dity2014,2019, and 2024

In 2014, Bandar Lampung still hadeasthat were not denselyoccupiedby buildings
which arein the western part arttietip of thenorthern partin 2019 almost allareasof the
city were occupied bybuildings with only a small part in the easthere buildings were
scarceThis situation had not changed uri24.

O i : e

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

Interestingly, Metro has been occupied by buildings since ;20@4situatiorremained
unchangedill 2019, exceptfor some spots ithe southern partln 2024 Metro tended to
drive building development to the central area, southern ipecame less buildingBespite
beingknown asanindustrial development area, Karawang had wider spatteeinorthern
part with scarce buildings in 201dndit evengotwider in 2019 and 2024.

i

Fig. 12. The NDBI pattern of the Karawang Regeriicy2014,2019 and2024.

10
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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. alsofinds that vegetation mainly imptr 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 arief increases evaporation
through enhanced friction velogif12].

Table 2shows thaemperature comparison betwedandarLampung as a capital city
with the forest area near the city (Tahura National Rarlg Batu Tegias anirrigation dam
for theagriculturl area especiallythepaddyfield. The table showed that Tahura with natural
vegetation haalower temperature comparedtt® city areaHoweverthe agriculturabrea
is only slightly lower comparto the city of Badar Lampung.

Table 2. Temperature distributiom Bandar Lampung anithe surroundingarea 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
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2 300000
200000
100000
000

Scarce [ Searcn [
o ou
w201 #2019 %204

Bandar Lampung Metro Karawang

Fig. 13. The area comparison of scarce and dense vegetation and buitdihggears2014, 2019
and 2024 of the study area (A. Bandar Lampung, B. Matrd C. Karawang)

In Bandar Lampunghe areas of scarce vegetation were higher than the dense areas in
all the yearsbut the dense building areas were higher than the scarce Buiting
development is progressive in Bandar LampungMetro, the dense area of vegetation is
higher tharthe scarce oneand similarto the dense building areahichwashigher than the
scarce building areaxcept for the last year (2024). In Karawang dense vegetation area
increased in 2024, accordinglthe building density decreasethe changes in théand

surface temperature distribution in that area in 2014, 20192024 were presentedliable
3.

11
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Table 3. Area withatemperature range

Bandar Lampung
2014 2019 2024
Temperature Area (ha) Temperature Area (ha) Temperature Area (ha)
O (W9) (W9
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
Tempoe(lj*ature Area (ha) Tempoe(lj*ature Area (ha) Tempoeéature Area (ha)
16-19 603.10 1823 317.00 2528 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
Tempoe(r:'ature Area (ha) Tempoe(rj'ature Area (ha) Tempoez:'ature 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 obkidhe.Bandar Lampung area
in 2014 the temperature range was dominated by@25 °C, and the highest temperature
was 25C-30°C. In 2019 the dominat range was 282-30°C, and this is also the maximum
temperatureFinally, in 2024 the dominat temperature was steady in 330 °C, and the
maximum reached 3Z-37 °C. In the Metro City area in 201,4he dominanttemperature
was 23°C-25 °C, with a maximumtemperature was 2&-27 °C. In 2014 the temperature
was dominated by the range of®829 °C, and the maximum was 28-32°C. In 2024 the
area was dominated by temperagwe30°C-31 °C, and the maximum temperature was 32
°C-35 °C. Karawang in 2014vas dominated by the temperature of 2226 °C, and the
maximum was 28C-34°C. In 2019 the dominat temperature was 2-29 °C, and the
maximum was 31C-40°C. Finally, in 2024 the dominat temperature was 2€-31°C, and
the maximum temperature reached@314 °C, which was extremely hot.

To investigate whetheghe UHI pattern existed in these three cities related to the tities
regional planning, this study expandagdcomparing the maps witthe cities segmentation
documented in the local government papéfee Spatial Planning Plan of the City,
hereinafter abbreviated as RTRWK, is a policy direction and strategy for the utilization of
regional space that serves aguéeline for regional arrangement and forms the basis for the
preparation of development programs.

Bandar Lampung is divided into 5 regional planning with specific functiehgh are:

A. Regional planning I, has the primary functions of regiaalle trade and services as well
as a government centre. B. Regional planning Il has the main funcéaaagpusentre, as
an industrial area, urban settlement, urban infrastrecas well as trade and service at the

12
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regional scale; C. Regional planning IIl 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 cityscale service®. Regional planning IV has the main function as a conservation area
and the additional functions as nature and marine tourism, seafood processing iagustry,
integrated final waste processing centre, and a fishing poRegional planning V has the

main function as an urban green open space and additional functions as a special education
centre, urban settlement, agourism and ecdourism, trade, and regionatale services.
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Fig. 14. Bandar Lampung regional planning segmentation

The picture clearly described the UHI pattern in Bandar Lampung (Fig-id)area with
the highest temperature (3Z-37 °C) is the Regional Planning tvhich mostlyincludes
buildingsthatfunctionas regionakcale trade and services well as the gernment 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 toegional 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 edigale services.

The segmentation in Bandar Lampung city is progressivetteibét reflected good
segmentation; most of Bandar Lampus@ccupied with residentiareasthe commercial
area is centralized; howevéhge vegetation area in Bandar Lampung is negligible. There is
no industrial area inside thsty. The builtup aea is concentrated in the middle of thiy ci
not randomly spreadResidents of this city should choose to live nat ot area, buin the
East orSoutheastrea of the cityHowever,vegetation coverage in the residential area is
negligible. Eventudly, it could create problems in the fututdot just the air temperature
increasesbut also flooding is unavoidable.

From the land surface temperature investigation, it is obvious that the city of Bandar
Lampunglacksvegetation coverage. Assume ttia area with lower temperature (1G-26
°C) isavegetation areahen Bandar Lampung has less than 30% eogaredby vegetation.
The Nature conservation area on the tip ofwhesternarea is only 2% of the cityand the
protected forest along the coastthre southeasof the city only covers 0.8%The local
government should consider these facts as a warning feitytesafetyfrom flooding and
water source scarcity.
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Fig. 15. Metro regionaplanning segmentation

Figure 15 showed that the hottest are@¢332 °C) 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, lWhich isthe Certre for educational and health services are
hottest area as well. East Metwhich is included in regional planning Il for housing
development and tourisareashasalower air temperature (2%-28 °C). North Metro is in
regional planning IYan area thaits prepared for food security area together with regional
planning V in South Metravhichis anagricultumal area with obviously lower air temperature
(25°C- 28°C).

UHI pattern also existed in Metrthe central city whichis occupied bybuildings, is the
hottest areaHowever, outside this argthere are spotthat havehigh air temperature and
that include housing area Large area seem notto be developed for special functions,
moreover, the green area is obviously limitetktro has to consider not expamglthe hot
area, housingand agriculture arsaould be specifically segmented
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Fig. 16. Karawang regional planning segmentation

Similar to Metro, Karawang focused development onlggmall part of the areavhere
regionalplanning | to regional planning Il (city centre, business aaed public services)
were concentrated ithe westerrarea of Karawangcreating the highest air temperature
(31°C-34 °C). Regional planning IV and V were segmentedigscutural areas Regional
planning V was fothe wetlandagriculturalarea.Other areas were not developedware
more unproductive lands.

From this studyit can be observed thete UHI phenomenon exisin any kind of city.
Jayasoova and Adaf2024) [13] through their study in Poland found that UHI existed in
small citiesUHI can be estimated as a functiortiodpopulation of the city and as a function
of thecity'sarea.Theresearch in various big and small citieshaUSA reported that notddo
UHI effects existed in big citiesvhile small cities exhibited UHI effects inconsisterjily].
Since the mechanisms of the urban heat island effect involve compdeactionsamong
multiple physical processes, urban building materislgh as oncrete and asphalthat
possess high heat capacity and thermal conductivity in absorbing, eméttidgstoring
radiation fromthe atmosphergplay important roles compared tity size[15].

Regardlessf many factors that creatéle UHI effect, all research agreed that vegetation
is the predominantvay to mitigate the UHI effedtLl1,12] Those three cities in this study
lacked vegetation area; this should get serious attefintiorthe local governmenéspecially
sincetheworld faces global climate change.

4 Conclusion

UHI investigation using remote sensing techniques to evaluatareaisland surface
condition is worth consideringt. gives information about surface temperature that could also
be usedor climate changstudies The vegetation indexogether withthe building index
helpsto evaluate the land coverage that is necessary for city plantiigstudy showed
that UHI existed in all the study areas. It proved that UHI research could be applied to
evaluate hot area distribution in anyesiand condition of the cityror residentstomfort
city segmentation should lintitehot areas in certaincationsand keepghemfrom spreading

15



E3S Web of Conferenceés82 02006(2025) https://doi.org/10.1051/e3sconf/202568202006
11" ICCC 2025

throughoutall city. This study also showed that city segmentaisoeflected in land surface
temperatue. The hottest area existed in regional planningvilich consisted of buildings
thatfunctioned as business activities and public services.
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