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ABSTRACT 

Abstrak: Saat ini, negara berkembang seperti India dan Indonesia mengalami 

peningkatan populasi penduduk di wilayah perkotaan sebagai dampak adanya 

urbanisasi. Peningkatan penduduk ini berkaitan erat dengan peningkatan lahan 

terbangun yang menjadi indikator adanya pertumbuhan perkotaan. Pertumbuhan 

perkotaan yang tidak terkendali dapat menyebabkan kerusakan pada ekosistem serta 

berbagai permasalahan keruangan. Oleh karena itu, diperlukan prediksi perubahan 

penggunaan lahan/tutupan lahan (LU/LC) sebagai masukan dalam kebijakan tata 

ruang yang berkelanjutan. Tujuan dari kajian ini adalah untuk melihat tren penelitian 

di India dan Indonesia serta melihat perbandingan pola perluasan lahan terbangun di 

Kota Kolkata, India dan Kota Mataram, Indonesia. Kajian ini dilakukan dengan metode 

studi literatur dan deskriptif komparatif prediksi perluasan lahan terbangun. Hasil dari 

penelitian ini adalah metode CA-MC dan remote sensing menjadi tren metode prediksi 

LU/LC di India dan Indonesia. Kota Kolkata, India dan Kota Mataram, Indonesia 

mengalami perluasan lahan terbangun yang polanya mengikuti pola pembangunan 

infrastruktur transportasi. Peningkatan luas lahan terbangun ini diimbangi dengan 

penurunan luas lahan pertanian.Harapannya penelitian ini dapat digunakan oleh 

pemangku kebijakan sebagai masukan perencanaan wilayah khususnya di Kota 

Mataram. 

Kata Kunci: lahan terbangun; LU/LC; CA-MC; remote sensing; India; Indonesia 

 

Abstract: Currently, developing countries such as India and Indonesia are experiencing 

an increase in population in urban areas as a result of urbanization. This increase in 

population is closely related to the increase in built-up land which is an indicator of 

urban growth. Uncontrolled urban growth can cause damage to ecosystems as well as 

various spatial problems. Therefore, it is necessary to predict changes in land use/land 

cover (LU/LC) as input for sustainable spatial planning policies. The purpose of this 

study is to look at research trends in India and Indonesia and to see a comparison of the 

expansion patterns of built-up land in the City of Kolkata, India and the City of 

Mataram, Indonesia. This study was carried out using the method of comparative 

descriptive and literature study in predicting the expansion of built-up land. The results 

of this study are that the CA-MC and remote sensing methods are becoming a trend in 

LU/LC prediction methods in India and Indonesia. The city of Kolkata, India and the 

city of Mataram, Indonesia experienced an expansion of built-up land whose pattern 

followed the pattern of transportation infrastructure development. The increase in built-

up land area was offset by a decrease in agricultural land area.  Hopefully, this research 

can be used by policy makers as input for regional planning, especially in Mataram City. 

Keywords: built-up area; LU/LC; CA-MC; remote sensing; India; Indonesia 
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A. INTRODUCTION 
This spatial problem is closely related to regional growth, especially urban 

areas (Ridwana et al., 2021). The relatively high population movement from 
villages to cities as a sign of urbanization makes an urban area grow very quickly 
(Bose & Chowdhury, 2020; Hasnine & Rukhsana, 2023). An indicator of regional 
growth is an increase in built-up land. This built up land is an appearance of the 
earth's surface as a result of the intervention of human activities such as 
infrastructure, settlements and so on (Ridwana et al., 2021). Intensive 
urbanization and the dynamics of rapidly increasing built-up land will have a 
major impact on ecosystems (Derkzen et al. 2015; Wang et al. 2019;  Das et al., 
2022).To minimize spatial conflicts and control the growth of urban areas in order 
to preserve ecosystems, spatial planning strategies are needed that are spatially 
based and use the principles of sustainable development, one of which is 
predicting built-up land in urban areas. 

In India, urbanization is dominant in middle-class urban areas (United Nations, 
2015; Debnath et al., 2023). It is estimated that half of India's population will live 
in urban areas by 2050 (United Nations, 2018; Alam and Banerjee, 2023). Urban 
areas in India are regions with the fastest land use/land cover change dynamics in 
the world (Alam and Banerjee, 2023). To see changes in land use/land cover in 
India, several researchers conducted studies on predictions of changes in land 
use/land cover in urban areas in India. Das et al., (2022)predict land use/land 
cover change in Kolkata Urban Agglomeration for the purpose of improving the 
quality of urban ecosystems and sustainable management of Natural Resources. 
Debnath et al., (2023)perform predictions of land use/land cover change in the 
Koch Bihar Urban Agglomeration (Koch Bihar Urban Aglomeration) for the 
purpose of sustainable land use. The results of research on cities in India show an 
increase in built-up area. 

In Indonesia, the population is increasing from year to year. Based on data from 
the Central Statistics Agency (BPS) the population in Indonesia in 2020 is 
270,203,900 people and will increase by 5,569,900 people in 2022. This 
population is also accompanied by an increase in the area of built-up land in 
several big cities in Indonesia. Lisanyoto et al., (2019)conducted research on 
predictions of settlement expansion in Singkawang City in 2023. Ridwana et al., 
(2021)conducted research on predictions of built-up land in Tasikmalaya City in 
2034. Agustina et al., (2022)conducted research on predictions of land cover in 
Cirebon City in 2031. The results of some of these studies indicate an increase in 
built-up land in Indonesia. 

This study aims to look at research trends related to predictions of land 
use/land cover change in India and Indonesia and to compare predictions and 
patterns of expansion of built-up land using the Cellular Automata- Marcov Chain 
method in India and Indonesia. These two countries were chosen because they 
have something in common, namely they are developing countries. The study 
focused on the City of Kolkata, India (Hasnine & Rukhsana, 2023)and the City of 
Mataram, Indonesia (Putri et al., 2019). These two cities are major cities in the 
countries of India and Indonesia, but are not the capital of the country. Meanwhile, 
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the Cellular Automata-Marcov Chain (CA-MC) method was chosen because globally 
this method is widely used for modeling changes in land use/land cover. 

 
B. RESEARCH METHODS 

The method used in this study is a literature study with bibliometric analysis 
and a comparative study regarding predictions of the expansion of built-up land in 
India and Indonesia. Bibliometric analysis is a data analysis method that is carried 
out by mapping the development of a science and technology from a large number 
of diverse studies that can be used as a means of scientific evaluation and finding 
novelties for further research. Tupan et al., 2018)This study uses the Scopus 
database. Scopus is a database with literature. very complete globally with 
international quality literature reviews.On (Tupan et al., 2018)the other hand, 
comparative studies are a method of comparing two different things to then 
analyze the differences and similarities. 

 

Figure 1. Study Location (Source : Data Analysis, 2023) 

The data used in the literature study is data sourced from the Scopus database. 
Meanwhile , a comparative study of research related to the application of the 
Cellular Automata-Marcov Chain for predicting the expansion of built-up land in 
the City of Kolkata, India and the City of Mataram, Indonesia used a comparison of 
2 studies, namely the results of research from Hasnine & Rukhsana (2023)and 
research results from Putri et al., (2019). The comparison focuses on data, 
software used, implementation methods, land cover classes and patterns of 
expansion of built-up land. 

 
C. RESULTS AND DISCUSSION 
1. Bibliographical Analysis of Research Trends Prediction of Global Land 

Use/Land Cover Change 
 To see research trends related to predictions of land use/land cover 

globally, it is necessary to search research data using keywords as in table 1. 
Table 1. Keyword Search in the Scopus database regarding Global LU/LC Prediction 

Keywords Number of Articles 
TITLE-ABS-KEY("Land Cover Change" OR "Land Use Change" 
AND "prediction") PUBYEAR > 2013 DOCTYPE("ar") 

1,776 

1
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 Furthermore, search data from the Scopus database are then presented in 
the VOS VIewer application to facilitate analysis. The visualization can be seen 
in Figure 2. 

 
 

Figure 2.  Bibliometric analysis based on author and country of origin and year of 
publication regarding LULCC Prediction globally (Source : Data Analysis, 2023) 

Figure 2 explains that the most research publications related to predictions 
of land use and land cover globally are the United States, China, Germany, South 
Africa and India . However, recently, publications from Asia are the most recent. 
India is the second country that has quite a lot of publications and the latest in 
Asia after China with regard to predictions of global land use/land cover. On the 
other hand, India and Indonesia are developing countries where the population 
is increasing from year to year. Thus, a comparative study of predictions of 
changes in land use/land cover in India and Indonesia is quite relevant to do. 

 
2. Bibliographical Analysis of Research Trends Prediction of Land Use/Land 

Cover Change in India and Indonesia 
To find out research trends in predicting land use/land cover change in 

India and Indonesia, a search was carried out using keywords for each country. 
The keywords entered as searches in Scopus are seen in table 2. 
Table2. Search Keyword on Scopus related to LU/LC Prediction in India and Indonesia 

Country Keywords Number of 
Documents 

India 
TITLE-ABS-KEY("Land Cover Change" OR "Land Use 
Change" AND "Prediction") AFFILCOUNTRY("India") 
PUBYEAR > 2013 

179 

Indonesia 
TITLE-ABS-KEY("Land Cover Change" OR "Land Use 
Change" AND "Prediction") AFFILCOUNTRY("Indonesia") 
PUBYEAR > 2013 

78 

 (Source : Data Analysis, 2023) 

 The search results in the Scopus database are then entered into the VOS 
Viewer application . Analysis on VOS Viewer provides mapping related to 
keywords that frequently appear on the theme of predicting changes in land 
use/land cover in India and Indonesia along with the year of publication. The 
results of the VOS Viewer can be seen in Figures 3 and 4. 
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Figure 3.Bibliometric analysis based on frequently appearing keywords along with 
publication year regarding LULCC Prediction in 2014-2023 in India (Source : Data 
Analysis, 2023) 

Figure 3 explains that the trending method for predicting land use/land 
cover in India in the 2014-2023 timeframe is the Cellular Automata-Marcov 
Chain (CA-MC), remote sensing and Machine Learning . CA-MC and remote 
sensing still dominate research in India. On the other hand the machine learning 
method is the newest method used. Regarding the research theme, the trend of 
research themes for prediction of land use/land cover in India is related to 
forestry, urban sprawl, urban development, urban growth, urban planning, 
runoff, vegetation and ecosystem . From this theme it can be concluded that 
urban areas still dominate research in India regarding predictions of land 
use/land cover. 

 
 

Figure 4. Bibliometric analysis based on frequently appearing keywords along with 
the year of publication related to LULCC Prediction in 2014-2023 in Indonesia 
(Source : Data Analysis, 2023) 

1

10

55

56



550| GEOGRAPHY: Journal of Educational Studies, Research and Development 

Vol. 12, No. 1, April 2024, hal. 545-556 

Figure 4 explains that the trend of land use/land cover change prediction 
methods in Indonesia is Cellular Automata-Marcov Chain (CA-MC) and remote 
sensing . Meanwhile, trending themes related to predictions of changes in land 
use/land cover in Indonesia are disasters, urban growth, agriculture, 
deforestation, food supply and climate change . 

Based on bibliographic analysis related to land cover prediction in India and 
Indonesia on the Scopus database, the Cellular Automata-Marcov Chain method 
(CA-MC) and remote sensing is a method that is still a trend in 2014-2023. 
Meanwhile, the theme that is still a trend in both countries is urban growth . 
This bibliometric analysis at the same time strengthens the analysis of the study 
that the Cellular Automata-Marcov Chain method (CA-MC) is still the method 
often used by India and Indonesia to predict land use/land cover changes in the 
last 9 years. 

 
3. Cellular Automata-Marcov Chain (CA-MC) applications in India and 

Indonesia 
 Several studies in India used the Cellular Automata-Marcov Chain (CA-MC) 

as a method for predicting land use/land cover. Kumar et al., (2016)conducted 
research for urban transition monitoring by predicting land use/land cover in 
2053 using the CA-MC method in the city of Vijayawada.Yadav & Ghosh, 
(2021)conducted research related to predictions of land use/land cover for 
2021-2051 in Chennai District which is the capital of the state of Tamil Nadu 
using CA-MC to monitor the impact of urbanization. Mallick et al., 
(2023)conduct research on land use/land cover prediction in 2031 at The 
Siliguri Municipal Corporation (SMC)using CA-MC to identify urban growth. And 
there are many other studies related to prediction of land use/land cover in 
India using CA-MC . 

 Cellular Automata-Marcov Chain (CA-MC) method is used as a method for 
predicting land use/land cover on various themes. Supriatna et al., (2022)used 
the CA-MC method to carry out an analysis of predictions of land cover in 2030 
and monitoring of floods in the city of Banjarmasin. Sejati et al., 
(2019)conducted research on predicting land cover in 2038 in the Semarang 
metropolitan area to analyze urban growth and its relation to the Surface Urban 
Heat Island (SUHI). (Ghani et al., 2021)conducted research in South Kuta using 
CA-MC to predict land cover and Land Surface Temperature (LST) in 2033. 

 
4. Cellular Automata-Marcov Chain (CA-MC) for Expansion of Built-up Land 

in Kolkata City, India and Mataram City, Indonesia 
In this study, the research publication used as a comparison is the 

prediction of the expansion of built-up land in Kolkata City, India using the CA-
MC method written byHasnine & Rukhsana (2023)and in the City of Mataram, 
Indonesia, written byPutri et al., (2019).Kolkata City Corporation or often 
referred to as KMC is one of the cities in India. This city is not the capital of India. 
In this study, the study area was carried out by buffering KMC. Thus, 
administratively the study area is bordered by Hugli District in the North, North 
District 24 Parganas in the Northeast, South District 24 Parganas in the 
Southwest and Howrah District in the West. Meanwhile, Mataram City is located 
in the West Nusa Tenggara Province of Indonesia. This city is also not the capital 
of Indonesia. The city of Mataram is administratively bordered by the Lombok 
Strait in the west and borders with West Lombok Regency in the North, East and 
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South. The study locations for the City of Kolkata, India and the City of Mataram, 
Indonesia can be seen in Figure 5. 

 
 

 
Figure  5.Location of Study Kolkata City, India (above) Mataram City, Indonesia 

(Bottom)(Source: Hasnine & Rukhsana (2023)and Putri et al., (2019)) 

The two cities are then compared to see the similarities and differences. 
The comparison of research between the City of Kolkata, India and the City of 
Mataram, Indonesia can be seen in table 3. 
Table3. Comparison of LU/LC Prediction Research in the City of Kolkata, India and the 
City of Mataram, Indonesia 

Content  Kolkata City, India 
(Hasnine & Rukhsana 2023) 

Mataram City, Indonesia 
(Putri et al., 2019) 

Data Landsat TM 1990, Landsat ETM+ 
2000 Landsat TM 2010, Landsat 
OLI/TIRS 2020. 

Landsat 7 ETM 2008 and 2013, 
Landsat 8 OLI 2017 . 

Software  IDRISI, ERDAS IMAGINE, ArcGIS. Idrisi Selva, ENVI, and Arc GIS. 

Classification Supervised Classification. Supervised Classification. 

Land Cover 
Class: 

Built-up areas, bodies of water, 
vegetation, agricultural land, 
others (Pasture/Shrub/Bald 
land). 

land and settlements, 
agricultural land, non -
agricultural land , open land . 

Modeling 
Method 

Cellular Automata-Marcov Chain 
(CA-MC). 

Cellular Automata-Marcov 
Chain (CA-MC). 
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Content  Kolkata City, India 
(Hasnine & Rukhsana 2023) 

Mataram City, Indonesia 
(Putri et al., 2019) 

Driving 
Factors 

Not mentioned. Slope, elevation, distance from 
the road, distance from the 
river, distance from the center 
of government, distance from 
the beach. 

L Step 
Research 

1. LULC Classification in 1990, 
2000, 2010 and 2020; 

2. LULC analysis of 1990-2000, 
2000-2010, 2010-2020; 

3. 2020 Model Validation; 
4. LULC modeling of 2030, 

2040 and 2050. 

1. Classification of LC in 
2008, 2013 and 2017; 

2. Analysis of LC Changes in 
2008-2013 and 2013-
2017; 

3. 2017 Model Validation; 
4. 2031 LC modelling. 

 

Source : Data Analysis, 2023 

 From table 3, it can be seen that there are similarities, namely the two 
studies used the Cellular Automata-Marcov Chain (CA-MC) method , Landsat data 

sources, Supervised Classification techniques and using IDRISI software for 
modeling land use/land cover changes and ArcGIS for data analysis and 
presentation. However, from table 3 there are also differences, namely the use 
of image processing software, land cover classes, driving factors , and the year of 
classification and model year of land cover. Research Hasnine & Rukhsana 
(2023)has an advantage in the years of image recording used for modeling, 
namely 1990, 2000, 2010 and 2020 to predict the 2030, 2040 and 2050 land 
cover models. The more complete the image/data year range used as a 
modeling reference, the quality of the land cover model will be better. 
Meanwhile, research Putri et al., (2019)has advantages in terms of conveying 
the details of the driving factors used as modeling. The more complete the 
delivery of a research publication, the easier it will be for readers to understand 
the flow of research. The results of changes in land cover from these two studies 
can be seen in tables 4 and 5. 

Table 4. Land Cover Change in Kolkata City, India 1990-2020 
Class 

Land Cover 
Change (%) 

1990-2000 2000-2010 2010-2020 
Built-up Land +3.10 +9.60 +4.58 
Agricultural land -1.55 -2.76 -2,14 
Water body +0.80 -1.06 -0.17 
Vegetation -2.69 -5.01 -2.35 
Meadow/ Bush/ 
Bare land 

+0.32 -0.77 +0.09 

Source :Hasnine & Rukhsana (2023) 

  
 Based on table 4, From 1990 to 2020, the City of Kolkata, India experienced 
an increase in the area of built-up land by 17.29%. On the other hand, there was 
a decrease in other land areas such as agricultural land by 6.45%, water bodies 
by 0.43%, vegetation by 10.05% and other land cover such as grasslands or 
shrubs or bare land by 0.36%. There is a consistent increase in land area in the 
built-up land class and a decrease in land area in the agricultural and vegetation 
classes. 
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Table 5. Changes in Built-up Land Cover in Mataram City, Indonesia 2008-2017 

Class 
Land Cover 

Change (%) 
2008-2013 2013-2017 

Built-up Land and 
settlements 

+20.92 +5.43 

Agricultural land -8.33 -4.31 
Water body -0.09 -0.02 
Non-Agricultural 
Land 

-12.50 -1.23 

Open field 0.00 +0.12 
Source :Putri et al., (2019) 

 Similar to the City of Kolkata, the City of Mataram also experienced an 
increase in the area of built-up land from 2008 to 2017 based on table 5. The City 
of Mataram experienced an increase in the area of built-up land and settlements 
by 26.35%. And accompanied by a significant decrease in land area in the non-
agricultural land class of 13.72%, agricultural land of 12.63%. Meanwhile, water 
bodies and open land experienced a decrease in minor land area, namely 0.11% 
and 0.12%. In contrast to Kolkata City, Mataram City has consistently decreased 
land area in the water body class. Meanwhile, the consistency regarding the 
increase in built-up area and the decrease in agricultural and non-agricultural 
land area is the same as in Kolkata City. From this presentation, the City of 
Kolkata (1990-2020) and the City of Mataram (2008-2017) both experienced an 
increase in built-up land area from year to year. 

 From the classification of land cover in Kokata City from 1990 to 2020 and 
Mataram City from 2013 to 2017, then land cover modeling for 2030 and 2031 
was carried out using the IDRISI software. The results of the modeling can be 
seen in Figure 4. 
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Figure 6. Modeling Land Cover Use inKolkata City, India in 2030 (Left) and in 
Mataram City, Indonesia in 2031 (Right). Source: Hasnine & Rukhsana 
(2023)andPutri et al., (2019) 

 From figure 6, the City of Kolkata and the City of Mataram will experience 
an expansion of built-up land accompanied by a decrease in other land areas in 
2030 and 2031. The simulation model for predicting land use/land cover in 
Kolkata City shows that there will be an increase in built-up area while other 
classes will decrease in 2030 Hasnine & Rukhsana (2023). The results of the 
prediction of land cover in 2031 in the city of Mataram, Indonesia show that the 
area of agricultural land has decreased by 15.18% and has increased sharply in 
built-up areas and settlements by 20.52% Putri et al., (2019). 
 Cellular Automata-Marcov Chain (CA-MC) method illustrate that there has 
been an expansion of built-up land for the City of Mataram and the City of 
Kolkata (figure 6). The pattern of expansion of built-up land in Kolkata City is 
different from that of Mataram City. The pattern of expansion of built-up land in 
Koltaka City spreads in all directions from the city center (Hasnine & Rukhsana, 
2023). This is related to Kolkata City which is in the center and is not bordered 
by certain natural landscapes such as beaches/rivers/straits which limit the 
spread of built-up land. Meanwhile, the City of Mataram is experiencing an 
expansion of built-up land in north, east, south directions but not to the west 
because it borders the landscape, namely the Lombok Strait. On the other hand, 
the pattern of distribution of built-up land in Kolkata City and Mataram City has 
similarities, namely that built-up land has increased in areas where there is 
infrastructure development such as transportation (roads). This is in line with 
Shannon's entrophy approach which explains that city propagation is influenced 
by two dominant aspects, namely the road aspect and the distance from the city 
center (Yeh & Li, 2001; Prasetyo et al., 2016). This can be used as input in urban 
planning, especially the development direction based on SDG's. 

 
D. CONCLUSIONS AND SUGGESTIONS 

Based on bibliometric analysis, the methods that are still a trend for predicting 
land use/land cover change in India and Indonesia are Cellular Automata-Marcov 
Chain (CA-MC) and remote sensing . Meanwhile, the trending theme of the two 
countries is urban growth. Meanwhile, the results of a comparative study 
predicting the expansion of built-up land in the City of Kolkata, India and the City 
of Mataram, Indonesia are that there are similarities in the expansion of built-up 
land with a pattern following the development of infrastructure development 
accompanied by a decrease in agricultural land. In the other hand, the two cities 
have differences, namely related to the direction of the expansion pattern of built-
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up land where there are constraints on location characteristics (landscape). This 
can be input to the government in planning regional development in the city of 
Mataram. 

Suggestions for further research are to conduct a comparative study of 
predictions of changes in land use/land cover between Indonesia and other 
countries in order to see the development of science and technology related to 
changes in land use/land cover. 
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