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Urban Heat Island (UHI) is a phenomenon where the surface
temperature in urban areas is higher than in the surrounding area
or in open air areas. Hilly city that continues to increase every
year. Because of that, it needed an effort at the city-level urban
heat island on Batam Island. Through the Thermal Landsat 8
channel image recording May 24, 2018 sensing data can be used
to complete the heat calculation of the urban heat Island on Batam
Island. This research aims to determine the variation of Urban
Heat Island (UHI) effect on land cover in the research area. This
research uses LST and maximum likelihood multispectral
classification for land cover area and NDVI transformation. The
results of the processing are obtained with R2 value of 0.872324
with UHI intensity of 0-8.06° C. This shows the amount needed
by Urban Heat Cities in Batam Island specifically in urban areas
such as Batu Ampar District, Batam Kota, Bengkong, Batu Aji,

Island In Batam ;

Municipality.  GeoEco. Lubuk Baja, Sagulung, and Sekupang.
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INTRODUCTION

It Urban Heat Island (UHI) is a use of air conditioning (AC) in urban

phenomenon  where the  surface areas, emissions from motor vehicles

temperature in urban areas is higher than
in the surrounding area or in open-air
areas. This is due to changes in
vegetation land turned into built land
resulting in increased human activity in
development in urban areas or densely
populated buildings (Luan et al. 2020).

Other factors causing UHI are due to the

and industrial  activities, building
materials in urban areas, such as asphalt,
concrete, and others. This rising
temperature will have a negative impact
on uncontrolled city growth (Fawzi
2017).

This research on Urban Heat Island was

carried out because of the increasing
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development that is  constantly
increasing on Batam Island which will
cause inconvenience to the community.
BPS data (2018) the

temperature in January to December,

Based on

Batam has a tropical climate with
minimum temperatures in 2017 ranging
from 20.00 °C - 23.60 °C and maximum
temperatures ranging from 32.40 °C -
34.60 °C, while the average temperature
throughout 2017 is 27.00 °C - 27.90 °C.
According Sari et al, 2017, the
temperature of the heat in the Batam area
has never reached 33 degrees Celsius.
This is the highest temperature ever in
Batam. This hot weather will also result
in areas becoming a potential for forest
or land fires.

Remote sensing applications can be used
to interact with objects that are on the
surface of the earth (Anurogo et al.
2017) including surface temperature
(Fawzi 2017; Sari, Anurogo, and Lubis
2018). This research uses Landsat 8
satellite imagery with thermal infrared
channels. This Landsat 8 image will be
used to determine the phenomenon of
Urban Heat Island (UHI) in the study
area so that the results obtained in the
research of thermal channel capabilities
of remote sensing data in mapping
Urban Heat Island (UHI) (Kaplan,
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Avdan, and Yigit Avdan 2018;
Keeratikasikorn and Bonafoni 2018) on
Batam Island.

The development of an area and the
increasing population causes the change
of vegetation land into built land is
increasing every year (Anwar, et al.,
2018; Taiwo, 2018; Wilonoyudho et al.,
2017), therefore urban areas have
increased surface temperatures (Fawzi
2017; Sari et al. 2018). This is usually
caused by building materials in urban
areas, such as asphalt, concrete, and so
forth. The closer the building causes the
temperature in urban areas to be higher
and vice versa (Fawzi 2017). This
research aims to determine the variation
of Urban Heat Island (UHI) effect on
land cover in the research area using

remote sensing data.

MATERIALS AND METHODS

This research is located in Batam Island
at 1°05’ North Latitude and 104°02’ East
Longitude. The city boundary of Batam
is bordered by the Northern Side of the
Singapore Strait, the Southern Side of
the Senayang District, the Eastern Side
of the North Bintan District, the West of
the Karimun Regency and the Moro of
the Karimun Regency. This research

consists of three stages, the pre-
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processing stage, the processing and the
post-processing stage. The first data
collection technique in the pre-
processing stage is by downloading
Landsat 8 image data which will be used
as a processing reference data, then the
data is then performed in two stages of
correction, geometric correction and
radiometric correction.

Geometric correction uses the placement
of a Ground Control Point (GCP) to
adjust the coordinates of the image with
the map projection system. In this study
geometric correction using the Batam
City RBI map scale of 1: 25000 with a
standard deviation value (Root Mean
Square Error) must be less than 1. If the
RMSE value is more than 1 then it will
be repeated until it meets the
requirements for geometric correction.
Radiometric calibration is performed to
eliminate or minimize atmospheric noise
during the image recording process
(Purwanto and Andrasmoro., 2021;
Purwanto & Eviliyanto, 2022). The
disturbance in question is the reflection
of the recording results that are not in
accordance with the existing surface of
the earth so that it needs to be done
radiometric correction by changing the
value of the digital number (DN) into a

reflectance value (Anurogo, Sari, et al.
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2018). The radiometric correction
processing uses equations:

DN to Radiance

LA _ ( anx_ Lmin

— QCAL,,; L.
QCAL,,, — QCAL,.. )x (Qecar — QCALin )+ Linin

spectral radians  (W/(m?

Ly

.Sr.um).
= digital number (DN).

Qca!

QCAL = the minimum pixel value
that refers to LMINA
(DN).

QCAL = the maximum pixel value
that refers to LMAX\A
(DN).

L = the minimum radian

- spektral (W/(m? .sr.um).

L = the maximum radian

max

spektral (W/(m? .sr.um).
Radiance to reflectance

. LA. d?

PL= ESUNZ cos 6.

oA = reflectance value.

- = mathematical constant
(3,14159).

e = distance of the sun - earth
(astronomical unit).

ESUNA average  exoatmospheric
solar irradiance
(W/m?.sr.um).

6, = sun zenith angel (degree).
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Dark pixel substraction

RC = R — Rsi

RC = surface reflectance.

R = TOA reflectance.

RSI = spectral value used for

offset.

The next stage is an image processing
classification. The digital classification
of an image is a process in which pixels
with the same spectral characteristics are
assumed to be the same class. The
method used at this stage is to use the
Maximum  Likelihood Classification
(MLC) method for the classification of
land cover. In this research, the
classification of land cover is carried out
into several classes namely built-up land,
vacant land, vegetation, and water
bodies. This class division is often called
prior probability, where the results of the
classification of land cover imagery can
be calculated. If this opportunity is not
known then the magnitude of the
opportunity is stated to be the same for
all classes with one per number of
classes created.

The next step is to find the value of
vegetation cover density  with
Normalized Difference Vegetation Index
or NDVI, in principle, is a method to
find the appearance of vegetation in an
area. NDVI values have a range between
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-1 (minus) to 1 (positive). Values
representing vegetation are in the range
of 0.1 to 0.7 if NDVI values above this
value indicate better levels of vegetation
cover  (Hidayati,
Danoedoro 2018; Milanovi¢ et al. 2019;
Rendana et al. 2020). The NDVI

equation formula;

Suharyadi, and

NDVI — (NIR — RED)
(NIR + RED)
NIR = Band Near Infrared
Landsat 8.
RED = Band Red Landsat 8.

In remote sensing, the ground surface
temperature can be defined as the
average surface temperature of a surface,
which is depicted in the coverage of a
pixel with different surface types. This
research uses land surface temperature
(LST) to obtain surface temperature in
Landsat 8 images with the Brightness
Temperature algorithm (Hidayati et al.
2018; Lubis et al. 2017). The Conversion
of Spectral TOA Radians into Kelvins

using the formula :

T K2
N K1
IH(H + 1)
Th = Brightness Temperature.
(K) K1 = Spectral radians

calibration constant.
K2 = Absolute

calibration constant (K).

temperature
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LA = Radian spectral Convert
temperature in units.

Kelvin becomes Celcius: TCelcius =
TKelvin -273

Urban Heat Island (UHI) can be known
after obtaining vegetation cover and LST
produce surface temperature to the land
cover. From those, it can be seen the
surface temperature of the area in Batam
City. Quantification of UHI quantities
that occur can be determined using the
equation between the highest
temperature and the lowest temperature

(Aris et al. 2019; Fawzi 2017).

AT, .= T,— T,

= surface temperature in a

T,

city or region that is

warmer than its

surroundings.
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T = village surface
r
temperature or around
the area measured T .
T = the UHI effect.
u—-r

RESULTS AND DISCUSSION

NDVI vegetation index transformation is
the first transformation processing that is
done after the image data is corrected.
NDVI transformation is used to see the
value of vegetation density in the image.
For this reason, geometric and
radiometric correction images of band 4
and band 5 are used. Band 4 is a red
color image channel and band 5 is near-

infrared (NIR) (Figure 1).
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Figure 1. Image processing results of NDVI transformation (left), static results of
NDVI images (right).

In the NDVI image intervals can be seen
interval range of -1 to 0.9. For values

close to minus one, they can be

classified as objects of water bodies (see
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Figure 2). Values close to zero are Whereas the maximum value is
classified as objects of land and rocks. classified as an object of vegetation.

MAP OF NORMALIZED DIFFERENCE VEGETATION INDEX (NDVI) ON BATAM ISLAND
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Figure 2. Map of NDVI vegetation index transformation

The NDVI transformation data is then map. The canopy density map is shown

correlated with the canopy density data in Figure 3.

in the field to produce a canopy density

MAP OF CANOPY DISTRIBUTION ON BATAM ISLAND
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Figure 3. The canopy density map
thermal channel radiance, the channels

used are band 10 and band 11. The value

Land Surface Temperature

transformation uses the image of the
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of each LST formula is obtained from
the Landsat 8 image metadata which
then selects and matches the radiance
image band. The results of this

processing produce temperature LST
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values in kelvin units. To change the
LST image from Kelvin to Celsius in the
formula band minus 273 degrees. With
this processing, the temperature value in

Celsius is obtained.
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Figure 4. Image processing results of LST thermal channel (left) and the static
result of the thermal channel (right)

The result of processing the surface
temperature of the thermal image
recording at 08.43 in the morning is at an
interval of 180C-310C (see Figure 4).

Sample modeling and interpretation
accuracy tests were carried out to
determine the value of the accuracy of
the results of research conducted in
image processing of the original
phenomenon in the field. The LST image
was taken as many as 37 samples in the
research area in Batam Island, then we
divided the sample into two parts to be
used as data modeling in the

interpretation accuracy test. For data

modeling 19 data samples were taken
and 18 data samples were taken for
accuracy  testing.  Simple linear
regression modeling is done to find out
the relationship between two variables,
the first variable is the data from the
remote sensing image extraction while
the second is the measurement data from
the field. This is done to find out
correlation analysis and regression
analysis on the data. Correlation analysis
aims to determine the direction and
strength of the relationship between the
variable x with the variable y, while the
regression analysis is carried out to be

able to find out the magnitude of the
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effect caused by changes in each unit of
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the results of the field survey as variable

variable y. The data used are LST image y (Figure 5).
data as variable x and temperature from
40
y =0,934x+ 3,7808
35 R2=0,7295
30 :
(]
§ 25
(1] .
@ 20 Series1
o
E 15 —— Linear (Series1)
-t
10 —— Linear (Series1)
5
0 T T T 1
0 10 20 30 40
LST

Figure 5. Linear regression between temperature and LST transformation

An accuracy test was conducted to
determine the error of remote sensing
data in research in presenting urban heat
island on Batam Island. The total sample
used was 18 sample units for accuracy
testing by finding the root of the square
of the total value of the difference
between the actual data in the field with
the result data of all samples divided by
the number of accuracy test samples.
The magnitude of the total error (RMSE)
on LST and field temperature is
0.872324.

The value of the urban heat island on

Batam Island is obtained from the

equation process of the results of the
regression analysis and then entered in
the image to get the spatial distribution
of the actual surface temperature in the
field. The spatial distribution of UHI
values is obtained from formula 6 by
inputting the formula input into the
actual LST image distribution. The
results of the UHI distribution are then
classified into 3 classes to determine the
distribution of UHI distributions. The
analysis shows that the temperature
changes that occur in the UHI process
are different. Temperature changes
between dense settlements and suburban

settlements are +* 1.90C while for

Estimation Of Land Surface Temperature... |8



p-ISSN 2460-0768 e-ISSN 2597-6044
https://doi.org/10.20961/ge.v9i1.54510

temperature changes between residential
areas and non-UHI land uses around *
3.70C. Urban Heat Cities in Batam
Island specifically in urban areas such as

Batu Ampar District, Batam Kota,
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Bengkong, Batu Aji, Lubuk Baja,
Sagulung, and Sekupang especially for
residential areas against non UHI areas.
The UHI distribution pattern is shown in

Figure 6.

MAP OF URBAN HEAT ON BATAM ISLAND
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Figure 6. The UHI distribution pattern

CONCLUSIONS

The urban heat island value of Batam is
divided into 3 levels to determine the
distribution of UHI. Analysis shows that
the temperature changes that occur
different.  The

between dense

during UHI are
temperature  change
residential areas and suburban residential
areas is = 1.90C, while the temperature
change between residential areas and
non-UHI land uses is approximately *
3.70C. The R2 value obtained as a result
of the treatment is 0.872324, and the
UHI intensity is 0-8.06 C. This shows

the number of hot cities in Batam,
especially in urban areas such as Batu
Ampar District, Batam Kota, Bengkong,
Batu Aji, Lubuk Baja, Sagulung and
Sekupang. The next step of research and
development is to combine it with
building density to obtain the variance of

UHI change.

REFERENCES

Anurogo, W., M. Z. Lubis, D. S.
Pamungkas, Hartono, and F. M.
Ibrahim.  2017. “A  Spatial
Approach to Identify Slum Areas in
East Wara Sub-Districts, South
Sulawesi.” IOP Conference Series:

Estimation Of Land Surface Temperature... |9



p-ISSN 2460-0768 e-ISSN 2597-6044
https://doi.org/10.20961/ge.v9i1.54510

Earth and Environmental Science

98(1). doi: 10.1088/1755-
1315/98/1/012030.
Anurogo, Wenang, Muhammad

Zainuddin Lubis, and Mir’atul
Khusna Mufida. 2018. “Modified
Soil-Adjusted Vegetation Index In
Multispectral Remote Sensing Data
for Estimating Tree Canopy Cover
Density at Rubber Plantation.”

Journal of Geoscience,
Engineering, Environment, and
Technology 3(1):15. doi:

10.24273/jgeet.2018.3.01.1003.

Anurogo, Wenang, Luthfiya Ratna Sari,
Muhammad  Zainuddin  Lubis,
Daniel Sutopo Pamungkas, Mir’atul
Khusna Mufida, and Arini Dewi
Lestari Situmorang. 2018. “An
Integrated Comparative Approach
to Estimating Forest Aboveground
Carbon Stock Using Advanced
Remote Sensing Technologies.”
Proceedings of  the 2018
International Conference  on
Applied Engineering, ICAE 2018
3(2):1-6. doi:
10.1109/INCAE.2018.8579375.

Aris, A., H. Syaf, D. N. Yusuf, and
Nurgiantoro. 2019. “Analysis of
Urban Heat Island Intensity Using
Multi Temporal Landsat Data; Case
Study of Kendari City, Indonesia.”
IOP Conference Series: Earth and
Environmental Science 389(1). doi:
10.1088/1755-1315/389/1/012002.

Fawzi, Nurul lhsan. 2017. “Mengukur
Urban Heat Island Menggunakan
Penginderaan Jauh, Kasus Di Kota
Yogyakarta.”  Majalah  llmiah
Globe 19(2):195. doi:
10.24895/mig.2017.19-2.603.

Hidayati, Iswari Nur, R. Subharyadi, and
Projo Danoedoro. 2018.
“Developing an Extraction Method
of Urban Built-Up Area Based on

GeoEco, Vol. 9, No 1. January 2023 Page. 1-11
https://jurnal.uns.ac.id/GeoEco/article/view/54510

Remote Sensing Imagery
Transformation  Index.” Forum
Geografi 32(1):96-108. doi:
10.23917/forgeo.v32i1.5907.

Kaplan, Gordana, Ugur Avdan, and

Zehra Yigit Avdan. 2018. “Urban
Heat Island Analysis Using the
Landsat 8 Satellite Data: A Case
Study in Skopje, Macedonia.”
5171. doi: 10.3390/ecrs-2-05171.

Keeratikasikorn, Chaiyapon, and

Stefania Bonafoni. 2018. “Urban
Heat Island Analysis over the Land
Use Zoning Plan of Bangkok by
Means of Landsat 8 Imagery.”
Remote  Sensing  10(3). doi:
10.3390/rs10030440.

Luan, Xiali, Zhaowu Yu, Yuting Zhang,

Sheng Wei, Xinyu Miao, Zheng Y.
X. Huang, Shuging N. Teng, and
Chi Xu. 2020. “Remote Sensing
and Social Sensing Data Reveal
Scale-Dependent and  System-
Specific Strengths of Urban Heat
Island  Determinants.”  Remote
Sensing 12(3):1-42. doi:
10.3390/rs12030391.

Lubis, M. Z., H. M. Taki, W. Anurogo,

D. S. Pamungkas, P. Wicaksono,
and T. Aprilliyanti. 2017,
“Mapping the Distribution of
Potential Land Drought in Batam
Island Using the Integration of
Remote Sensing and Geographic
Information Systems (GIS).” IOP
Conference Series: Earth and
Environmental Science 98(1). doi:
10.1088/1755-1315/98/1/012012.

Milanovi¢, Misko M., Tanja Mici¢, Tin

Luki¢, Snezana S. Nenadovi¢,
Biljana Basarin, Dejan J. Filipovi¢,
Milisav Tomi¢, Ivan Samardzic,
Zoran Srdi¢, Gojko Nikoli¢, Milos
M. Ninkovi¢, Dusan Sakulski, and
Branko Ristanovic. 2019.
“Application of Landsat-Derived

Estimation Of Land Surface Temperature... | 10


https://iopscience.iop.org/article/10.1088/1755-1315/98/1/012030
https://iopscience.iop.org/article/10.1088/1755-1315/98/1/012030
https://journal.uir.ac.id/index.php/JGEET/article/view/1003
https://journal.uir.ac.id/index.php/JGEET/article/view/1003
https://ieeexplore.ieee.org/document/8579375
https://ieeexplore.ieee.org/document/8579375
https://iopscience.iop.org/article/10.1088/1755-1315/389/1/012002
http://jurnal.big.go.id/index.php/GL/article/view/603
http://jurnal.big.go.id/index.php/GL/article/view/603
https://journals.ums.ac.id/index.php/fg/article/view/5907
https://journals.ums.ac.id/index.php/fg/article/view/5907
https://www.mdpi.com/2504-3900/2/7/358
https://www.mdpi.com/2072-4292/10/3/440
https://www.mdpi.com/2072-4292/10/3/440
https://www.mdpi.com/2072-4292/12/3/391
https://www.mdpi.com/2072-4292/12/3/391
https://iopscience.iop.org/article/10.1088/1755-1315/98/1/012012
https://iopscience.iop.org/article/10.1088/1755-1315/98/1/012012

p-ISSN 2460-0768 e-ISSN 2597-6044
https://doi.org/10.20961/ge.v9i1.54510

Ndvi in Monitoring and Assessment
of Vegetation Cover Changes in

Central Serbia.” Carpathian
Journal of Earth and
Environmental Sciences 14(1):119—
29. doi:

10.26471/cjees/2019/014/064.

Rendana, Muhammad, Wan Mohd Razi
Idris, Sahibin  Abdul Rahim,
Zulfahmi Ali Rahman, and Tukimat
Lihan.  2020. “Potential  of
Normalized Difference Vegetation
Index for Mapping of Soft Clay
Area in Paddy Fields of Kedah,
Malaysia.” Indonesian Journal of
Geography  52(1):22-28.  doi:

10.22146/ijg.43617.
Rizki, Fajar, Arini Dewi Lestari
Situmorang, Nirwana Wau,

Muhammad Zainuddin Lubis, and
Wenang Anurogo. 2017. “Mapping
Of Vegetation And Mangrove
Distribution Level In Batam Island
Using SPOT-5 Satellite Imagery.”
Journal of Geoscience,
Engineering, Environment, and
Technology 2(4):264. doi:
10.24273/jgeet.2017.2.4.1002.

Sari, Rohana, Wenang Anurogo, and
Muhammad Zainuddin Lubis. 2018.
“Pemetaan Sebaran Suhu
Penggunaan Lahan Menggunakan
Citra Landsat 8 Di Pulau Batam.”
Jurnal Integrasi 10(1):32—39.

Taiwo, Olalekan John. 2018. “Urban
Growth  during Civilian and
Military Administrations in
Osogbo,  Nigeria.”  Indonesian
Journal of Geography 50(1):1-10.
doi: 10.22146/ijg.13002.

Wilonoyudho, Saratri, R. Rijanta,
Yeremias T. Keban, and Bakti
Setiawan. 2017. “Urbanization and
Regional Imbalances in Indonesia.”
Indonesian Journal of Geography
49(2):125-32. doi:

GeoEco, Vol. 9, No 1. January 2023 Page. 1-11
https://jurnal.uns.ac.id/GeoEco/article/view/54510

10.22146/ijg.13039.

Estimation Of Land Surface Temperature... | 11


https://www.cjees.ro/viewTopic.php?topicId=786
https://www.cjees.ro/viewTopic.php?topicId=786
https://jurnal.ugm.ac.id/ijg/article/view/43617
https://jurnal.ugm.ac.id/ijg/article/view/43617
https://journal.uir.ac.id/index.php/JGEET/article/view/1002
https://journal.uir.ac.id/index.php/JGEET/article/view/1002
https://jurnal.ugm.ac.id/ijg/article/view/13002
https://jurnal.ugm.ac.id/ijg/article/view/13039
https://jurnal.ugm.ac.id/ijg/article/view/13039

