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Preface 

The 2nd International Conference on Geoscience, Remote Sensing, and Technology (IC-
GEOREST 2024), to be held on October 26–27, 2024, in Padang, Indonesia, marks a 
significant milestone in the field of geoscience and remote sensing. As we convene in this 
dynamic location, we aim to foster global collaboration and knowledge exchange among 
researchers, industry professionals, and policymakers to address pressing challenges 
and explore innovative solutions in the rapidly evolving fields of geoscience and remote 
sensing technology. 

The importance of geoscience in understanding the Earth’s systems and environment 
has never been more critical. As we face climate change, natural disasters, urbanization, 
and resource management issues, the role of remote sensing technologies has become 
indispensable. Remote sensing allows us to collect data from various platforms, including 
satellites, drones, and ground-based sensors, enabling real-time monitoring, analysis, and 
decision-making on a global scale. By leveraging these advanced technologies, we gain 
insights into phenomena ranging from weather patterns to deforestation, sea-level rise 
to urban expansion. 

IC-GEOREST 2024 serves as a platform to showcase cutting-edge research, best 
practices, and applications in geoscience and remote sensing. Over the two-day confer-
ence, we will delve into a range of topics, including but not limited to satellite imagery 
analysis, climate change monitoring, environmental impact assessment, disaster man-
agement, geospatial data processing, and the integration of artificial intelligence with 
geospatial technologies. These areas are critical to addressing both local and global 
challenges, especially in regions like Southeast Asia, where geographical diversity and 
vulnerability to environmental hazards are significant concerns. 

This conference is not only an opportunity for academic and professional exchange 
but also a call to action for interdisciplinary collaboration. In a world where environ-
mental challenges transcend national boundaries, the need for cooperative efforts across 
disciplines—such as geology, environmental science, data science, and engineering— 
has never been more urgent. By uniting experts from various sectors, IC-GEOREST 
2024 aims to contribute to the development of sustainable and technologically advanced 
solutions to ensure a resilient and prosperous future. 

The conference also highlights Indonesia’s strategic role in the global geoscience 
and remote sensing landscape. As one of the world’s most biodiverse and geographically 
complex nations, Indonesia stands at the forefront of addressing challenges related to 
disaster resilience, environmental protection, and resource management. The local con-
text of Padang, with its unique geological setting and vulnerability to natural disasters 
such as earthquakes and tsunamis, provides a perfect backdrop for meaningful discus-
sions on how remote sensing technologies can be utilized to mitigate risks and enhance 
disaster preparedness.



vi Preface

We are excited to bring together leading experts, practitioners, and emerging 
researchers to engage in meaningful discussions, share knowledge, and form part-
nerships that will shape the future of geoscience and remote sensing. We hope that 
IC-GEOREST 2024 will spark innovative ideas and contribute to the global efforts in 
advancing geospatial technologies for a sustainable planet. 

Welcome to Padang, Indonesia, and to an inspiring and enriching conference 
experience. 

Adree Octova 
General Chair of 2nd IC-GEOREST 2024



Organizing Committee IC-GEOREST 2024 

Advisory 

Josaphat Tetuko Sri Sumantyo Center of Remote Sensing, Chiba University, 
Japan 

Yohandri Universitas Negeri Padang, Indonesia 

General Chair 

Adree Octova Center of Disaster Monitoring and Earth 
Observation, Universitas Negeri Padang, 
Indonesia 

Co-chair 

Pakhrur Razi Physics Department, Universitas Negeri Padang, 
Indonesia 

Secretary 

Najmi Asyifa Universitas Negeri Padang, Indonesia 
Alfi Nasution Universitas Negeri Padang, Indonesia 

General Treasurer 

Febrian Hidayat Universitas Negeri Padang, Indonesia 

International Scientific Board Member 

Gaofeng Ren Wuhan University of Technology, China 
Chistopher D. Elvidge Colorado School of Mines, Colorado, US 
Ang Kiang Long INTI International University, Malaysia 
Husnul Kausarian Universitas Islam Riau, Indonesia



viii Organizing Committee IC-GEOREST 2024

Mirza Muhammad Waqar Contec. Ltd., Korea 
Jamrud Aminuddi Sudirman University, Indonesia 
Prof. Yohandri Universitas Negeri Padang, Indonesia 
Yuta Izumi Muroran Institute of Technology, Japan 
Ming Yam Chua Xiamen University, Malaysia 
Hein Yang Contec. Ltd., Korea 
Sarun Apichontrakul Khon Kaen University, Thailand 
Katia Urata European Space Agency 
Refky Adi Nata Wuhan University of Technology, China 

Local Organizing Committee Coordinator 

Riko Maiyudi Universitas Negeri Padang 
Yoszi Mingsi Anaperta Universitas Negeri Padang 
Febrian Syukra Universitas Negeri Padang 
Dian Adhetya Arif Universitas Negeri Padang 
Zulhendra Hendra Universitas Negeri Padang 

Local Organizing Committee Member 

Miftahurrahman Alpaba 
Muthia Azizah 
Nabila Zahra 
Agung Wahyudi 
Muhammad Iqbal 
Febrian Hidayat



Contents 

Review of Long-Term Patterns of Nighttime VIIRS Detections of Lights, 
Boats and Offshore Lights, Fires, and Flares in S.E. Asia: 2012--2023 . . . . . . . . . 1 

Christopher D. Elvidge, Tilottama Ghosh, Mikhail Zhizhin, 
and Morgan Bazilian 

Assessing Wetland and Dryland Transitions in Northwestern Riau Using 
Sentinel-2 Imagery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Husnul Kausarian, Josaphat Tetuko Sri Sumantyo, Batara Batara, 
Muhammad Zainuddin Lubis, Wenang Anurogo, Pakhrur Razi, 
and Fitri Mairizki 

Geochemical Analysis Based Geoindicator for Geothermal Fluid 
Manifestation in The Ranau Lake Area, South Ogan Komering Ulu 
(OKU), South Sumatra . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 

Mochammad Malik Ibrahim, Harnani Halik, Stevanus Nalendra Jati, 
and Pradana Ahmad Arviano Zainal 

Geospatial Mapping of Flood-Prone Areas in Coastal Regions: A Case 
Study of Nagari Sungai Liku Pelangai and Nagari Tuik IV Koto Mudiek 
Pesisir Selatan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

Adree Octova, Pakhrur Razi, Yoszi Mingsi Anaperta, Dedi Yulhendra, 
and Agung Pranata 

Clustering and Forecasting Vertical Ground Deformation of Sinabung 
Volcano Based on Deformation Dataset and Holt-Winters Exponential 
Smoothing Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Muhammad Hanif, Sarun Apichontrakul, and Ernieza Suhana Mokhtar 

Forest Fire Potential Model Based on Climate Elements and Land Cover . . . . . . 64 
Eva Gusmira, Rio Aji Pamungkas, and Arif Ma’Rufi 

Identification of Peak Ground Acceleration Values in the West Sumatra 
Region Case Study of Empirical Equations Donova, Mc. Guirre and Esteva . . . . 76 

Elfrieda Helana, Ira Kusuma Dewi, Sigit Pramono, and Angga Wijaya 

Derivative Analysis of Gravity Anomaly Data and 2D Modeling 
of the Subsurface Structure of the Cugenang Fault Area . . . . . . . . . . . . . . . . . . . . . 88 

M. Andhika Syaftamayendi, Juventa Juventa, and Muhammad Syirojudin



x Contents

Implications of Blasting-Induced Vibration on the Stability 
of Hydroelectric Power Tunnel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 

Bambang Heriyadi, Refky Adi Nata, Gaofeng Ren, 
Ardhymanto A. M. Tanjung, Fadhilah Fadhilah, Verra Syahmer, 
and Azri Rizki Pratama 

Identification of Extreme Rainfall in Padang Based on Weather Radar 
Imagery: Case Study Flood July 2023 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 

Hanifsyah Rozi, Pakhrur Razi, and Aulia Rinadi 

A New Approach to Peatland Groundwater Level Estimation: Leveraging 
Remote Sensing and Field Data for Fire Risk Mitigation . . . . . . . . . . . . . . . . . . . . 142 

Nur Febrianti, Jalu Tejo Nugroho, Khalifah Insan Nur Rahmi, 
Nurwita Mustika Sari, Nurhayati Nurhayati, and Afriyanni Afriyanni 

Level of Preparedness of Local Communities Affected by the Earthquake 
and Tsunami Disaster in the Mentawai Islands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154 

Pakhrur Razi, Anton Komaini, Nilma Zola, Zulhendra, Thamrin, 
Najmi Asyifa, and Luthfiya Zahrany Fakhrozy 

The Influence of Seawater on Groundwater in the Coastal Areas of Padang 
City, West Sumatra Province . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166 

Vito Charly, Heru Hendrayana, and Costandji Nait 

UAV Application to Characterize Sedimentology of Lacustrine 
Environment Using Image-Base Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 180 

Rahmat Catur Wibowo and Muh Sarkowi 

Geological Mapping Automation Using Structure from Motion Method 
to Support Openness Digital Mapping Access . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194 

Rahmat Catur Wibowo and Muh Sarkowi 

Age and Depositional Environment Investigation of the Nanggulan 
Formation’s Distribution of Mudstone in the Kalibawang Area 
and Surroundings, Kulon Progo District, Yogyakarta . . . . . . . . . . . . . . . . . . . . . . . 208 

Jaden Gil Lodar, Al Hussein Flowers Rizqi, and Winarti Winarti 

Building Detection on Orthophoto Data Using Deep Learning Mask 
R-CNN Approach in Tanjung Karang Village, Mataram City . . . . . . . . . . . . . . . . . 222 

Diva Amevia Mahendradani, Maulana Yudinugroho, 
Mochamad Irwan Hariyono, Naufal Setiawan, and Dessy Apriyanti 

Groundwater Vulnerability to Seawater Intrusion in Palu Bay, Central 
Sulawesi Province of Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233 

Catur Nilawardani, Wahyu Wilopo, and Ammar Dwi Atmaja



Contents xi

Hydrogeological Conceptual Model of Parangtritis Coastal Area, 
Yogyakarta Special Province, Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 245 

Faris Rizqi Imaduddin, Wahyu Wilopo, Doni Prakasa Eka Putra, 
and Dewi Sekar Harum 

Assessment of Multi-frequency and Multi-seasonal SAR Data Utilization 
on Google Earth Engine for Land Cover Classification in the Tropical 
Ecosystem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 254 

Dandy Aditya Novresiandi, Yuta Izumi, Qori’atu Zahro, 
Nugraheni Setyaningrum, Joko Widodo, and Rahmat Arief 

Seismicity (a-Value and b-Value) Parameter Analysis as Earthquake 
Hazard Mitigation in Bandar Lampung City and Surrounding . . . . . . . . . . . . . . . . 265 

Muh Sarkowi and Rahmat Catur Wibowo 

Spatial Modeling of CH4 Emissions from Rice Paddies Using Optical 
Remote Sensing Imagery and Field Measurement in Subang, Indonesia . . . . . . . 276 

Khalifah Insan Nur Rahmi, Terry Ayu Adriany, 
Vidya Nahdhiyatul Fikriyah, Dandy Aditya Novresiandi, 
Parwati Sofan, Wage Ratna Rohaeni, Rahmat Arief, Iman Muhardiono, 
Destika Cahyana, Helena Lina, Asmarhansyah Asmarhansyah, 
and Hilda Ayu Pratikasiwi 

Geology and Agriculture: Integrating Concepts Towards Sustainable 
Agriculture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286 

Akhmad Zamroni 

Study on Limitation of One-Dimensional Ground-Based Monitoring 
in Open Pit Mine Lowwall Slope Stability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296 

Rieza Rachmat Putra, Agung Setianto, and Hendy Setiawan 

Modeling the Effectiveness of Seawalls in Reducing Tsunami-Induced 
Forces Using DualSPHysics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 309 

Athaya Syifa Widha Rana, Benazir Benazir, and Radianta Triatmadja 

Development of a Decision Support System for Irrigation Management 
During the Second Paddy Planting Season Using Sentinel-2 Imagery 
in Lamongan Regency, Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319 

Agus Sufyan, Joko Prihantono, Rudhy Akhwady, Marza Ihsan Marzuki, 
Dino Gunawan Pryambodo, Noorlaila Hayati, Gufron Sholikin, 
and Moch. Wahyudi Riskyanto



xii Contents

Recommendation of Geometry, Excavation Method and Support System 
for Diversion Tunnel of Preliminary Design Alternative-2 Bodri Dam 
in Kendal, Central Java . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335 

Quentino Elgar Pramarsantya, I. Gde Budi Indrawan, Esti Handini, 
and Yogi Pandhu Satriyawan 

Identification of Seawater Intrusion Using Geoindicators in the Eastern 
Banyuwangi Coastal Plain Area, East Java Province . . . . . . . . . . . . . . . . . . . . . . . . 344 

Putritansy Neysa, Heru Hendrayana, and Pulung Arya Pranantya 

Stability Modeling of the Outlet Side Bagong Dam Diversion Tunnel 
Using Finite Element Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 360 

Sadewo Kusumo Digdoyo, I. Gde Budi Indrawan, and Rahmadi Hidayat 

Analyzing the Relationship Between Local Air Temperature and Land 
Surface Temperature Using JAXA-GCOM Data in Banten and West Java 
(2020–2022) with Google Earth Engine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 374 

Destika Cahyana, Vicca Karolinoerita, Rizatus Shofiyati, 
Putri Septianingrum, Fadhlullah Ramadhani, Trias Sitaresmi, 
Yuni Widyastuti, Rachmat Abdul Gani, Dia Cahya Wati, 
Abd Malik A. Madinu, and Parwati Sofan 

Hydrogeochemical Characteristics of Spring Occurrences in Dieng Plateau . . . . 386 
Jessica Rotua Valentina Lubis, Doni Prakasa Eka Putra, 
and Fikri Abdurrachman 

Drone Technology for Agricultural Insurance: Streamlining Land Mapping 
and Damage Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 398 

Rizatus Shofiyati, Sahat M. Pasaribu, Agus Bayu Utama, Juni Hestina, 
and Iwan Setiajie Anugrah 

Integrating InSAR Profiling and Unsupervised Wishart PolSAR 
for Assessing Earthquake-Induced Building Damage . . . . . . . . . . . . . . . . . . . . . . . 411 

Contardo Ferrini Abedidan Andreavalent Santosa, Naufal Setiawan, 
Thema Arrisaldi, Lysa Dora Ayu Nugraini, and Syachrul Arief 

Study and Design of Log-periodic Dipole Array Antenna for CALLISTO 
Spectrometer System for Observation of Solar Radio Burst . . . . . . . . . . . . . . . . . . 431 

Ghailan Daffasya, Kevin Kennedy Tampubolon, 
Afdhal Tsabit Aqdamullah, Peberlin Parulian Sitompul, Timbul Manik, 
and Iwan Kustiawan 

Effect of Water Table Position on the Stability of Tunnel (A Case Study 
at Diversion Tunnel of Riam Kiwa Dam) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 445 

Madania Madania, Hendy Setiawan, and Gayatri Indah Marliyani



Contents xiii

Study of Morphological Changes Due to Shoreline Protection Structures 
Along Gandoriah Beach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 454 

Dian Adhetya Arif, Bigharta Bekti Susetyo, Indah Fultriasantri, 
Yunus Aris Wibowo, and Eva Purnamasari 

Coal Blending Analysis Using Simplex Method . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466 
Adree Octova, Pakhrur Razi, and Ria Novi Mayang Sari 

Integration of Field Observation and Spatial Analysis in Identifying 
Landslide Vulnerability in West Lampung Regency . . . . . . . . . . . . . . . . . . . . . . . . . 480 

Rahmi Mulyasari, Muh Sarkowi, Nandi Haerudin, Hesti Hesti, 
Razki Alfatah Khairu Mahli, and Eka Pramuditia 

Land Deformation of West Sulawesi Due to the Earthquake in 2021–2022 
Based on Sentinel-1A Data Processing Using the DinSAR Methods . . . . . . . . . . 495 

Jamrud Aminuddin, Tika Ayunda Vita, Ilham Alimuddin, Pakhrur Razi, 
Indra Riyanto, Asif Awaludin, Albert Sulaiman, Joko Widodo, 
Babag Purbantoro, Vicca Karolinoerita, Destika Cahyana, 
Rachmat Abdul Gani, and Rufaidah Qonita Muslim 

The Effect of the Number of Ground Control Points (GCP) on the Volume 
of Mining Excavation Using the DJI Mavic Air 25 . . . . . . . . . . . . . . . . . . . . . . . . . 515 

Yoszi Mingsi Anaperta, Adree Octova, Pakhrur Razi, 
Oktaviani Oktaviani, Fajri Ananda, and Kyrie Eleison Putra 

Preliminary Assessment of Geosite and Geodiversity as an Aspiring 
Geopark Recognition, Comparasion of the Kerinci-Sungai Penuh, 
Indonesia with the Merangin Jambi UGGp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525 

Hari Wiki Utama, Agus Zainuddin, Eko Wahyudi, Rakhmatul Arafat, 
Misnawati Ramli, Dhinda Ayu, Silvia Kristalin, Arief Prabowo, 
and Asmoro Widagdo 

Stability Monitoring of the Semen Padang Limestone Mine Area Using 
Synthetic Aperture Radar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 540 

Nabila Zahra and Pakhrur Razi 

Design of a Portable Seismic Instrument for Real-Time Monitoring 
of Peak Ground Acceleration Using the Accelerometer LSM303 . . . . . . . . . . . . . 550 

Miftahurrahman Alpaba and Pakhrur Razi 

Observation of the Potential Eruption of Mount Marapi Using Satellite 
Imagery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 564 

Muthia Azizah and Pakhrur Razi



xiv Contents

Field Spectroscopy of Healthy and Unhealthy Tea Plants (Camellia 
assamica L.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 575 

Rachmat Abdul Gani, Bambang Hendro Trisasongko, Budi Mulyanto, 
Sukarman Sukarman, and Destika Cahyana 

Seawater Intrusion in Balikpapan Coastal Aquifer Areas . . . . . . . . . . . . . . . . . . . . 587 
Leorizky Bhaskara, Doni Prakasa Eka Putra, and Costandji Nait 

Landslide Susceptibility Analysis in Cianjur and Sukabumi, West Java, 
Using Logistic Regression . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 601 

Reza Oceania, Sutan Vasya Assydiqi, Mohamad Roviansah, 
Rio Priandri Nugroho, and Misbahudin Misbahudin 

Analysis of Land Cover Changes on the Kulonprogo -- Bantul Southern 
Cross Road 2003--2023 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 614 

Tasliha Hilmina and Fitria Nuraini Sekarsih 

Bauxite Characteristics Based on Regional Geology in Ketapang, West 
Kalimantan, Indonesia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 624 

Alan Matano, Arifudin Idrus, and Lucas Donny Setijadji 

GIS-Based Tectonic Reconstruction on the Merangin Jambi UGGp, 
Insight of Sumatran Geodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 646 

Hari Wiki Utama, Agus Zainuddin, Dhinda Ayu Nawangsari, 
Eko Wahyudi, and Misnawati Ramli 

Effect of Carbon Monoxide (CO) and Nitrogen Dioxide (NO2) on Land 
Surface Temperature (LST) Changes in Padang City Using Remote 
Sensing Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 665 

Widya Prarikeslan and Dion Lovani 

Disaster Mitigation Through Landscape Features and a Collaborative 
Strategic Approach with the Regional Disaster Management Agencies 
a Local Communities in Merangin Jambi UGGp . . . . . . . . . . . . . . . . . . . . . . . . . . . 675 

Hari Wiki Utama, Agus Zainuddin, Eko Wahyudi, Misnawati Ramli, 
and Dhinda Ayu 

Analysis of the Effect of Weak Dynamic Disturbance on the Stability 
of Tunnel Perimeter Rock in Coal Pick Mining Process . . . . . . . . . . . . . . . . . . . . . 686 

Refky Adi Nata, Gaofeng Ren, Ardhymanto Am Tanjung, 
Fadhilah Fadhilah, and Verra Syahmer 

Arduino-Based Quadcopter-Type Drone Design for Disaster Mitigation . . . . . . . 713 
M. Agung Wahyudi and Pakhrur Razi



Contents xv

ICESat-2 Data as a Potential Predictor of Canopy Height in Lowlands 
Vegetation Area of Samarinda City, East Kalimantan . . . . . . . . . . . . . . . . . . . . . . . 727 

Ali Suhardiman, Frengki Limbong, Hari Siswanto, Ariyanto Ariyanto, 
and Diah Rakhmah Sari 

Geodiversity Identification Along the Great Sumatran Fault 
in the Kerinci-Sungai Penuh Pull-Apart Graben, Jambi, Indonesia; 
Aspiring Geopark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 736 

Hari Wiki Utama, Rakhmatul Arafat, Anggi Deliana Siregar, 
Yulia Morsa Said, Dhinda Ayu, Sarwo Sucitra Amin, Rizki Rizki, 
Alfan Enzary, Andri Fariko, and M. Rialdi Syaputra 

Land Cover Changes (2002--2022) Using Landsat Imagery and Pixel-Based 
Classification: Supporting Coastal Conservation Strategies in Tanjung 
Mutiara . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 751 

Aprizon Putra, Rizky Faristyawan, Triyatno Triyatno, 
Beben Graha Putra, Agung Prasetyo, Yulius Yulius, Zhahirah Ameilya, 
Taslim Arifin, Pakhrur Razi, and Robet Triarjunet 

Online Platform of Convolutional Neural Network for Ship Detection 
of Optical Remote Sensing Satellite Imagery Data . . . . . . . . . . . . . . . . . . . . . . . . . . 764 

Jamrud Aminuddin, Umi Pratiwi, Mirda Prisma Wijayanto, 
Tika Ayunda Vita, Maskhiyatus Shokib, Ulil Azmi, Dian Rizqi Saputra, 
Nunung Nurhayati, Budi Pratikno, Eca Indah Anggraeni, 
Syahrul Fadholi Gumelar, Albertus Sulaiman, Pakhrur Razi, 
and Indra Riyanto 

A Broadband Circularly Polarized Microstrip Antenna Using Leaf-Shaped 
Metasurface for X-Band Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 780 

Fauzan Al Haqqi and Yohandri 

Mapping of Coral Reefs Change Due to Tectonic Activity in the Mentawai 
Islands Using Landsat Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 789 

Iqbal Rahmad Pratama, Pakhrur Razi, Adree Octova, 
Jamrud Aminuddin, Paberlin Sitompul, and Husnul Kausarian 

Landslide Early Warning System Using Accelerometer and Rainfall 
Sensors IoT-Assisted with Smartphone Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . 798 

Nur Anisa Sati’at, Yulkifli, Yohandri, Mairizwan, and Eri Barlian 

Identification of Fault Structure Based on 1D Anomaly Profile, Derivative 
Analysis of Geomagnetic Method, Lau Rakit Village, STM Hilir District, 
Deli Serdang Regency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 811 

Tantri, Ira Kusuma Dewi, and Sungeng



xvi Contents

Research Design: Zoning Possibility of Groundwater Potential Areas 
with Spatial Distribution of 222Rn Isotopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 823 

Bayu Nugraha, Muhammad Ghozi, Naufal Fajar Revanda, 
T. Yan W. M. Iskandarsyah, and Mohd Remy Rozainy Mohd Arif Zainol 

Analysis of the Occurrence of Spontaneous Combustion and Influence 
on the Quality of Coal in the Stockpile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 833 

Heri Prabowo, Tri Gamela Saldy, Syari Rahma Yanti, 
and Rangga Agung Pribadi Heriawan 

Topography and Geology Analysis of Areas with Potential Liquefaction 
in Padang City Using Satellite Images . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 848 

Fikrul Azan Suwirman, Pakhrur Razi, Adree Octova, 
Yoszi Mingsi Anaperta, Aprizon Putra, Joni Mardizal, and Zulherman 

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 859



Land Deformation of West Sulawesi Due 
to the Earthquake in 2021–2022 Based 
on Sentinel-1A Data Processing Using 

the DinSAR Methods 

Jamrud Aminuddin1(B) , Tika Ayunda Vita1 , Ilham Alimuddin2 , 
Pakhrur Razi3 , Indra Riyanto4 , Asif Awaludin5 , Albert Sulaiman5 , 

Joko Widodo6 , Babag Purbantoro6 , Vicca Karolinoerita6 , Destika Cahyana7 , 
Rachmat Abdul Gani7 , and Rufaidah Qonita Muslim7 

1 Faculty of Mathematics and Natural Sciences, Department of Physics, Universitas Jenderal 
Soedirman, Jl. dr. Suparno 61, Purwokerto 53122, Indonesia 

jamrud.aminuddin@unsoed.ac.id 
2 Faculty of Engineering, Department of Geological Engineering, Universitas Hasanuddin, 

Jl. Poros Malino Km 6, Sungguminasa 92171, Indonesia 
3 Center of Disaster Monitoring and Earth Observation, Physics Department, Universitas Negeri 

Padang, Padang 25131, Indonesia 
4 Center for Environmental Studies, Universitas Budi Luhur, Jl. Cileduk Raya 99, 

Jakarta Selatan 12260, Indonesia 
5 Research Center for Climate and Atmospheric, National Research and Innovation Agency, 

Jl. Sangkuriang, Dago, Kecamatan Coblong, Bandung 40135, Indonesia 
6 Research Center for Geoinformatics, National Research and Innovation Agency, 

Jl. Sangkuriang, Dago, Kecamatan Coblong, Bandung 40135, Indonesia 
7 Research Center for Food Crops, National Research and Innovation Agency, Kawasan Sains 
dan Teknologi (KST), Dr. (H.C) Ir. H. Soekarno Jl. Raya, Jakarta-Bogor KM. 46, Cibinong, 

Bogor, West Java 16915, Indonesia 

Abstract. One of the natural phenomena that often occurs in Indonesia is earth-
quakes, one of which is in West Sulawesi Province. Land conditions in the province 
experienced many changes after the earthquake in 2021 and 2022. Considering that 
the analysis of Sentinel-1A image data uses the DInSAR (Differential Interferom-
etry Synthetic Aperture Radar) method in research in several ground conditions, 
which can describe in detail the ground deformation, then in this research, further 
exploration will be carried out regarding this method to analyze post-earthquake 
soil conditions in West Sulawesi in 2021 and 2022. This research generally aims to 
monitor soil deformation where the earthquake occurred using Sentinel-1A satel-
lite imagery processed using the Differential Interferometry Synthetic Aperture 
Radar (DInSAR) method. Deformation observations using four pairs of Sentinel-
1A images with data acquisition in 2020–2022 Level-1 SLC (Single Look Com-
plex) with dual polarization (VV: Vertical-Vertical and VH: Vertical-Horizontal) 
and Interferometry Wide acquisition mode (IW). Based on the results of data 
processing that has been carried out, it is known that the land deformation that 
occurred before the earthquake occurred was a rise in land level of 0.002 meters 
and a decrease in land level of −0.078 meters. At the time of the earthquake, the
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land level dropped by −0.370 meters, and the land level rose by 0.670 meters. So, 
the average deformation due to an earthquake is a rise in land level of 0.130–0.360 
meters and a decrease in land level of −0.100 to −0.550 meters. 

Keywords: Deformation · DInSAR · Earthquake · Land · Sentinel 

1 Introduction 

The earth’s surface is a dynamic object, where the forces that occur around the earth’s 
surface will influence the shape of the earth. Land deformation is one of the phenomena 
that occurs due to the earth’s surface dynamics [1]. Land deformation also causes several 
problems, such as damage to building structures, increased seawater absorption areas, 
and increased flood areas. This phenomenon can be caused by several processes, such as 
sediment placement, and non-natural ones, such as groundwater extraction, petroleum, 
gas, underground mining, and earthquakes [2]. One of the natural phenomena that often 
occurs in Indonesia is earthquakes. Indonesia’s territory causes it is located above the 
Ring of Fire [3]. The movement of the three large plates flanking Indonesia gave rise 
to a series of volcanoes and significant tectonic activity [4, 5]. The Indonesian region 
also consists of islands with different seismic circumstances and conditions and varying 
levels of risk in each region. This condition causes earthquakes to become the most 
frequently experienced natural disaster, with relatively significant losses depending on 
each area’s vulnerability level [6]. 

Sulawesi Island is one of Indonesia’s islands with a high earthquake potential. West 
Sulawesi Province, which covers an area of approximately 16,796.19 km2, is an admin-
istrative region formed on October 5, 2004, based on Law No. 26 of 2004. Figure 1 shows 
a map of the Republic of Indonesia archipelago with the official source BIG (Geospa-
tial Information Agency). Several sources indicate that several West Sulawesi Province 
areas are still rebuilding after experiencing earthquakes in 2021 and 2022. The 2021 West 
Sulawesi earthquake was a 6.2 Mw land earthquake that hit the west coast of Sulawesi 
Island, Indonesia, on January 15, 2021, at 02.28 CIST (Central Indonesian Standard 
Time). The earthquake’s epicenter was 7 km northeast of Majene, West Sulawesi, with a 
depth of 10 km. During the recovery process, in 2022, Mamuju Regency, as the capital 
of West Sulawesi province, experienced another earthquake on June 8, 2022, at 13.32 
WITA with the epicenter of the earthquake located at sea, to be precise 26 km west 
of Tapalang, Mamuju, West Sulawesi. The hypocenter of the earthquake occurred at a 
depth of 10 km. 

The earthquake that occurred in Mamuju City was a shallow earthquake due to 
the activity of the Mamuju-Majene fault with a thrust fault mechanism. After the initial 
earthquake, the aftershocks had a frequency that was repeated enough to cause severe 
damage to the buildings above them. The primary mechanism for faults is divided into 
block changes (deformation) before an earthquake occurs and block deformation after 
an earthquake occurs [7, 8]. 

As previously explained, Land deformation due to the earthquake will be analyzed 
using remote sensing technology. The remote sensing systems currently being developed 
are satellites based on optical remote sensing (ORS) and synthetic aperture radar (SAR).
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Fig. 1. West Sulawesi Province’s location on the Republic of Indonesia archipelago map is marked 
with a circle (Source: Geospatial Information Agency) 

Both systems have proven to recognize objects on the Earth’s surface after processing 
digital data from a satellite sensor system. Several methods have been developed in the 
spatial domain that detect deformation and land cover recorded on satellite images. It is 
supported by the quality of satellite imagery with a reasonably high spatial resolution that 
has reached the order of centimeters, especially for SAR systems. However, the temporal 
resolution is still low on the daily order [9–13]. Optical satellites with geostationary orbit 
systems have a high temporal resolution that has reached the order of minutes. However, 
the spatial resolution is still shallow, on the order of kilometers. This type of satellite is 
usually designed to record atmospheric dynamics [14–18]. 

Observations of land deformation can be carried out by utilizing Sentinel-1 data as a 
SAR (synthetic aperture radar) sensor installed on a space satellite at an altitude of more 
than 400 km from the earth’s surface. This satellite can observe single polarization (HH 
and VV) and double polarization (HV and VH). Sentinel-1 (Level 1.0) provides obser-
vations with 4 modes [13, 19, 20]. SAR data processing, especially using the Permanent 
Scatterer Interferometric (PS-InSAR) method, has proven capable of analyzing patterns 
and values of land surface deformation due to the manifestation of mud volcanoes in the 
East Java Basin region. Long-term soil deformation using the Quasi-Persistent Scatterer 
(Q-PS) technique has also been applied in Kelok Sembilan, West Sumatra Province [12]. 
The most important thing in utilizing Sentinel-1 data, which uses C-band SAR is defor-
mation that reaches accuracy in millimeters [21, 22]. The latest research uses Sentinel-1 
satellite imagery data to map, evaluate, and explain the causes of land subsidence in 
the Nile River Delta, Egypt. The InSAR method is applied with the support of GPS 
data, tides, land use maps, and vegetation indices [23]. Considering that the analysis of 
Sentinel-1 image data using the InSAR and PS-InSAR methods in previous research was 
able to describe in detail ground deformation, in this study, further exploration will be 
carried out regarding these methods to analyze post-earthquake soil conditions in West 
Sulawesi.
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2  Metho  d

The area that will be reviewed is the earthquake’s location in West Sulawesi Province. 
The earthquake occurred with a magnitude of 6.2 Mw, with the epicenter being 27 km 
southeast of Mamuju City or at a latitude of 2.97°S and longitude 118.99°E with a 
depth of 10 km. Figure 2 shows the earthquake’s location from https://vsi.esdm.go.id/ 
index.php. This source shows that on January 14, 2021, at 14:35 CIST, West Sulawesi, 
its surroundings were shaken by an earthquake of M 5.9. This earthquake was followed 
by a more giant earthquake (6.2 Mw) that hit this area again 13 hours later. The Meteo-
rological, Climate, and Geophysics Agency of Indonesia stated that the first earthquake 
had its epicenter at 118.89°E and 2.9°S. In contrast, the second earthquake was centered 
at 118.94°E and 2.98°S with an epicenter depth of 18 km. This study generally aims 
to monitor land deformation in the area of Mamuju regency-West Sulawesi Province-
Indonesia, using Sentinel-1A satellite imagery processed using the Differential Interfer-
ometry Synthetic Aperture Radar (DInSAR) method. Figure 3 shows the Sentinel 1A 
data processing procedure. 

Fig. 2. Sulawesi Island and West Sulawesi Province’s (Source: Center for Volcano, Minerals, and 
Geological disasters). 

The Sentinel-1A satellite has a 12-day interval for image acquisition and a spatial 
resolution of up to 20 m. Therefore, this allows for improved monitoring of natural 
events such as earthquakes, volcanoes, and landslides. The amount of deformation can be 
analyzed based on the results of Sentinel-1A image data processing with Interferometric 
Wide (IW) acquisition mode and a spatial resolution of 5 by 20 meters (Single Look).

https://vsi.esdm.go.id/index.php
https://vsi.esdm.go.id/index.php
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Fig. 3. Flowchart of Sentinel 1A data processing.
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The satellite image data acquired were satellite images in 2020 before the earthquake, 
satellite image data in 2021 immediately after the earthquake, and satellite image data 
in 2022 after the earthquake occurred over a relatively long period. Sentinel-1A satellite 
image data is obtained through the official ESA database, which is then processed and 
can be visualized via Google Earth software. This method was developed from Ref. [24– 
26]. The acquisition methods in this analysis, shown in Fig. 2, originated from https:// 
scihub.copernicus.eu/dhus/odata/v1/Products (Fig. 4).

Fig. 4. Data acquisition on the Sentinel-1A satellite, Source: https://scihub.copernicus.eu/dhus/ 
odata/v1/Products. 

SAR (Synthetic Aperture Radar) interferograms are generated based on precise sen-
sor orbits, time information, and topography of surface areas, for example, from DEMs. 
This step assumes that an accurate DEM (Digital Elevation Model) is available that, 
when sampled at SAR resolution, allows for efficient topographic removal and spectral 
shift filtering. The interferogram phase (ϕ) can be estimated by calculating for each target 
P in the plane (azimuth, slant range), where the difference in sensor illumination range 
to reach the target for both satellites uses the equation 

φ −→
P = 

4 π

λ 
rM 

−→
P − rS 

−→
P ≈ 

4 πBn

λr0 
r 

−→
P (1) 

Bn is the perpendicular baseline, and r is the distance from the satellite to the target.

https://scihub.copernicus.eu/dhus/odata/v1/Products
https://scihub.copernicus.eu/dhus/odata/v1/Products
https://scihub.copernicus.eu/dhus/odata/v1/Products
https://scihub.copernicus.eu/dhus/odata/v1/Products
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The SAR interferogram provides a usable unwrapped phase field. This phase can be 
subtracted from the final SAR interferogram result to remove known topography, thereby 
providing a differential interferogram to monitor changes. The following equation offers 
a pixel-to-pixel mapping map from the master image to the slave image, which will be 
used for image co-registration in the following equation, 

r 
−→
P = 

4 π

λ 
rM 

−→
P − rS 

−→
P (2)

Information on φ −→
P can be used to provide optimal spectral shift filtering [27]. 

The co-registering step is a primary step in creating an interferogram. It ensures that 
each surface target contributes to the same pixels (slant range, azimuth) in the master 
and slave images. In the ideal case of perfectly parallel orbits and aligned acquisition, 
co-registering is indispensable to replace different geometries due to different viewing 
angles (parallax effect) [28]. Co-registering leverages image statistics to align the two 
products at sub-pixel accuracy. TOPSAR Split is applied to image data to select the 
bursts required for analysis. Using orbit files containing information regarding satellite 
positions during SAR data acquisition is also needed. Sentinel-1 provides a restructured 
Precise Orbit Determination (POD) and Precise Orbit Ephemerides (POE) orbit files 
for each image data. The POE file covers approximately 28 hours and contains orbital 
state vectors at 10-second intervals. The files produced are one per day and sent within 
20 days after data acquisition [29]. 

The Co-registering maps can be written as polynomials capable of estimating pixel-
to-pixel shifts, assuming targets on the Earth’s surface are ellipsoidal. On Synthetic 
Aperture Radar satellites, including the Sentinel-1 satellite, the sensor speed and attitude 
are so stable that the master-slave deformation of the entire frame (100 × 100 km) can 
be well estimated by the following polynomial

rS = a.r2 M + b.rM + c.aM + d (3)

aS = e.r2 M + f .rM + g.aM + h (4)

Here rM and aM are the range and azimuth coordinates of the master image, respectively. 
The rS and aS are the range and azimuth coordinates of the slave image that must be 
evaluated. The coefficients in Eqs. and represent the transformations illustrated in Fig. 5. 
The azimuth shift with coefficient (d) is due to the time difference along the orbit, and 
the range shift (h) is due to the baseline perpendicular component. The range stretching 
(b) is due to baseline variations with range and azimuth stretching (g) due to variations 
in Pulse Repetition Frequency (PRF) and satellite speed. Tilt range (c) and azimuth ( f ) 
estimate image rotation for small rotation angles. Two second-order terms (a and e)  are  
required to process the long-range tile [30] (Fig. 5). 

The interferometric phase of each SAR image pixel will depend only on the distance 
from the SAR satellite to the required target resolution cell. Thus, the calculated inter-
ferogram contains phase variations (ϕ) of several contributing factors, namely the flat 
earth phase ϕflat (curvature of the earth), the topographic phase ϕDEM (topographic sur-
face of the earth), the atmospheric conditions ϕatm (humidity, temperature and pressure
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Fig. 5. Deformation model for registering slave images on the master reference grid. 

changes between two acquisition), and other noise ϕnoise (scattering changes, different 
viewing angles, and volume scattering), and finally, the surface deformation ϕdisp that 
occurs between the two acquisitions. The whole interferometric phases are represented 
in linear summation as 

φ = φDEM + φflat + φatm + φnoise (5)

Once the surface reference point is identified, the travel path difference r variation that 
results in a shift from the reference resolution cell to another can be shown in Fig. 6. 
The influencing parameters are the perpendicular baseline (Bn), the target distance from 
the radar (R), and the displacement between resolution cells along the perpendicular to 
the slant range (qs). The estimated r can be calculated using the following formula 

r =  −2 
Bn qs
R 

(6) 

The interferometric phase variation ϕ is proportional to r divided by the transmitted 
wavelength λ. For this reason, ϕ can be expressed in

φ = 
2π r

λ
= 

4 π
λ 

Bnq s
R 

(7) 

The C-band of SAR from Sentinel-1A has a wavelength of approximately 5.5 cm. Fur-
thermore, the interferometric phase variation can be divided into two contributions: the 
phase variation proportional to the height difference q between the point targets, referred 
to as the horizontal reference plane, and the phase variation proportional to the tilt range 
displacement s of the point targets. Therefore, ϕ can be expressed i n

= 
4 π

λ 
Bn q

R sin θ 
− 

4 π

λ 
Bnq s
R tan θ 

(8) 

Here, θ is the angle of incidence of the radiation [29]. 
The perpendicular baseline is known from precise orbital data, and the interferogram 

phase can be calculated by subtracting it from the interferometric phase. This step is 
called interferogram flattening, and a new phase is produced that is proportional to 
the field height [28]. When some scattering points on the ground slightly change their
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Fig. 6. Deformation model for registering slave images on the master reference grid. 

relative position in the time interval between two SAR observations (e.g., if a subsidence, 
landslide, and earthquake occurs), then in such a case, the phase is separated from the 
baseline and appears in the interferometric phase as follows 

φd = 
4 π
λ 

d (9)

The d parameter indicates the relative scatter displacement projected in the slant range 
direction. The scatter means that after interferogram flattening, the interferometric phase 
contains height and motion contributions as 

− 
4 π

λ 
Bn q

R sin θ 
− 

4 π

λ 
d (10 )

The remaining phase variations can be attributed to changes in surface height between 
the two image acquisitions as 

φdisp = φ − φDEM − φflat (11)

For the DInSAR method, the contribution from the earth’s surface, ϕflat , and ϕDEM 

are considered the same for both image acquisitions, which can be removed from the 
interferogram. 

When topographic phase removal is applied, the interferogram contains only varia-
tions of displacement, atmosphere, and noise. These variations are displayed on a rainbow 
scale ranging from −π to +π. Patterns containing such variations in the interferogram 
are called fringes, representing a complete 2π cycle and appearing in the interferogram 
as random color cycles, where each cycle represents half the sensor wavelength. The 
relative ground motion between two points is then derived by calculating the fringe and
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multiplying it by half the wavelength. The closer each fringe is, the greater the strain in 
the soil [30]. 

In addition to phase interferometry, coherence between the master image and the 
slave image is estimated to indicate the quality of phase information. Loss of coherence 
can result in poor interferometry, which may be caused by temporal decorrelation (over 
vegetation and water surfaces), geometric decorrelation (errors or inaccuracies in orbital 
metadata), and volumetric decorrelation (potential scattering mechanisms from multiple 
structures, such as complex vegetation or surfaces dry) [31]. Coherence is calculated as 
separate raster bands and indicates how similar each pixel is between the master and 
slave images on a scale from 0 to 1. Areas of high coherence will appear bright. Areas 
with poor coherence will be dark. In the image results, vegetation is shown to have low 
coherence, and buildings have very high coherence [32]. The reflectivity of the source 
is influenced by the contribution of noise, namely scene decorrelation noise, which can 
arise from changes in scattering properties between two acquisitions, from volumetric 
effects or baseline decorrelation. As a result, corrections need to be made to eliminate 
noise, which might reduce the interferogram quality. 

The noise from temporal and geometric decorrelation, volume scattering, and other 
processing errors can corrupt interferometric phases. These processing steps aim to 
provide a co-registering phase to keep the primarily correlated contributions in the image. 
However, unrelated contributions (which behave like noise) are removed. In Fig. 7, 
changes in viewing angle indicate a frequency shift in reflectivity. The middle and bottom 
plots show the filters required to remove uncorrelated spectral contributions. This spectral 
shift has been calculated for a constant inclined field as 

f =  −f0 
Bn

r0 tan(θ − α )
(12)

The spectral shift f in Eq. 12 depends on the incidence angle (θ) and the slope of the 
field (α). Spectral shift filtering is usually assumed for the flat earth [30]. 

fc(r) = 
fDCM (r) + fDC S (r)

2 
(13) 

Here, f DC is the Doppler filter centroid with filter bandwidth that must maintain a 
standard bandwidth, as in the shaded area in the bottom plot of Fig. 8. 

The interferometric phase in interferograms is still ambiguous and only known on 
a  2π scale. Therefore, to connect the interferometric phase with topographic height, 
the phase must first be opened (unwrapping phase). The ambiguity height is the height 
difference resulting in an interferometric phase change of 2π after smoothing the inter-
ferogram. Phase unwrapping resolves this ambiguity by integrating the phase differences 
between nearby pixels. After removing the integer height ambiguities, the phase varia-
tion between two points on the smoothed interferogram measures the height v ariation
(Fig. 9). Thus, the unwrapped phase results are interpreted as the relative height or 
displacement between pixels of the two images [31, 33]. The quality and reliability of 
unwrapped phase results depend highly on input coherence. Reliable results become 
better when the field coherence is high. Although there is no definite threshold, to obtain 
good results, a minimum coherence of 0.3 is required [34].
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Fig. 7. Spectral shift in range. 

Fig. 8. Azimuth common band filtering.
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Fig. 9. Phase unwrapping principle. 

The goal of phase unwrapping is to recover an integer number of n cycles that will 
be added to the wrapped phase (phi) so that an unambiguous phase value psi can finally 
be obtained for each image pixel as

ψ = φ + 2 π.n (14)

Finally, to get the final result from a pair of images, apart from assuming there is no 
noise, it is necessary to estimate that the initial surface from which the data was taken is 
without interference. Then, phase to displacement needs to be applied to convert radian 
units to absolute displacement. This step translates the phase into surface changes along 
the meter’s line of sight (LOS). LOS (line-of-sight) is the line between the sensor and 
the pixels. Thus, a positive value means a rise in the land surface (uplift), and a negative 
value represents a decrease in the land surface (subsidence). Phase to displacement has 
no parameters and is applied to the unwrapped phase in the last step. The resulting 
output looks similar to the unwrapped phase, but each pixel has a value indicating its 
displacement [35]. 

3 Results and Discussions 

In this study, analysis of land deformation in the Mamuju Regency area was carried out by 
processing Sentinel 1A SAR image data. The data pairs used consist of 4 with acquisitions 
in 2020–2022 Level-1 SLC. The polarization involved is dual (VV: Vertical-Vertical and 
VH: Vertical-Horizontal) with Interferometric Wide (IW) acquisition mode, which is 
ultimately shown in Table 1. This table shows the data pair between serial numbers (1) 
and (2), which shows the ground deformation before the earthquake. In contrast, the data 
pair between serial numbers (2) and (3) represents the ground deformation several days 
after the earthquake. The data pair between sequence numbers (4) and (5) shows ground 
deformation a year after the earthquake. Furthermore, to determine the vital influence of 
the 2021 earthquake in the Mamuju Regency area, West Sulawesi Province, data with a 
serial number (1) was paired with data with a serial number (5). The data are originated 
from https://schub.copecus.eu/dhus/odata/v1/Products. The length of the perpendicular 
baseline and the time interval used in image pairs can cause temporal decorrelation. The

https://schub.copecus.eu/dhus/odata/v1/Products
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greater the length of the perpendicular baseline and the time interval, the greater the 
temporal decorrelation. 

Table 1. Sentinel-1A image information of Mamuju Regency area, Source: https://scihub.copern 
icus.eu/dhus/odata/v1/Products. 

No Data name Time Acquisition Orbit Direction 

1 S1A IW SLC 1SDV 202009 
04 T102649 20200904 T10271 
6 034207 03F96C 4452 

04 September 2020 34207 Descending 

2 S1A IW SLC 1SDV 202012 
21 T102648 20201221 T10271 
5 035782 043035 6DA7 

21 December 2020 35782 Descending 

3 S1A IW SLC 1SDV 202101 
26 T102647 20210126 T10271 
4 036307 044286 0A33 

26 January 2021 36307 Descending 

4 S1A IW SLC 1SDV 202112 
28 T102653 20211228 T10272 
0 041207 04E5A0 3CD4 

28 December 2021 41207 Descending 

5 S1A IW SLC 1SDV 202202 
02 T102652 20220202 T1027 
8 041732 04F74B 346E 

02 February 2022 41732 Descending 

Table 2 shows that four different perpendicular baseline lengths were obtained for 
each IW pair from the four images used. From all image pairs, it was found that the most 
extended perpendicular baseline was 34.04 m, while the shortest perpendicular baseline 
was −17.48 m. This table shows that the time interval used for the image pairs for 21 
December 2020–26 January 2021 and 28 December 2021–2 February 2022 is 36 days. 
In the image pair 4 September 2020–21 December 2020, it is 108 days; in the image 
pair 4 September 2020–2 February 2022, it is 516 days. The information is originated 
from https://scihub.copernicus.eu/dhus/odata/v1/Products. 

To retrieve an interferogram, coherence values must be determined based on the data 
pairs, with the ranges between 0 ≤ γ ≥ 1. The coherence value indicates the degree 
of similarity between image pairs and the quaity of the resulting interferogram. The 
greater the coherence value, the higher the image pair’s identity level, and vice versa 
(Anjasmara & Muthmainnah, 2018). Based on the results of coherence calculations for 
data pairs in Tables 1 and 2 using the DInSAR method. The sample of image results is 
shown as an interferogram shape in Fig. 10. 

Figure 11 shows the land condition before the earthquake occurred on 15 January 
2021 using the image pair 4 September 2020–21 December 2020. The deformation 
occurred in land level rise (uplift) ranging from 0.002 to 0.212 meters, indicated by the 
light blue to red color range. The part of the interferogram dominated by color is evenly 
distributed in the interferogram area. Subsidence occurred at the top of the interferogram 
with a subsidence value of −0.078 meters, marked with a dark blue color range.

https://scihub.copernicus.eu/dhus/odata/v1/Products
https://scihub.copernicus.eu/dhus/odata/v1/Products
https://scihub.copernicus.eu/dhus/odata/v1/Products
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Table 2. The length baseline and time interval of Sentinel-1A image for Mamuju regency, Source: 
https://scihub.copernicus.eu/dhus/odata/v1/Products. 

No Pair of data Length of baseline (m) Time interval (days) 

1 4 September 2020–21 December 
2020 

34.04 108 

2 21 December 2020–26 January 
2021 

−21.37 36 

3 28 December 2021–2 February 
2022 

−17.48 36 

4 4 September 2020–2 February 
2022 

−67.28 516 

Fig. 10. The sample of image pair interferogram.

Figure 12 the image pair before the earthquake, namely the image pair 21 December 
2020–26 January 2021, does not show any deformation in the form of land level rise 
(uplift). All interferograms show subsidence, where the most severe land subsidence 
occurs at the top of the interferogram, there is even subsidence of the land surface ranging 
from −0.190 to −0.010 meters, marked green to red. The land subsidence detected in 
this pair of ranges is likely to be the impact of the Mamuju earthquake on 15 January 
2021. 

https://scihub.copernicus.eu/dhus/odata/v1/Products
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Fig. 11. The land conditions before the earthquake using image pairs of 4 September 2020–21 
December 2020. 

Fig. 12. The land deformation during the earthquake using image pairs of 21 December 2020–26 
January 2021. 

Figure 13 results from processing a pair of images in the same year after the earth-
quake, namely the image pair 28 December 2021–2 February 2022. This image does
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not show any deformation in the form of subsidence. All interferograms show land level 
rise (uplift), where the most significant land level rise is marked in red to yellow, with 
values ranging from 0.052 to 0.640 meters. Then, the middle area of the interferogram, 
marked with bluish-to-green colors, shows the rise of the land level of 0.220 to 0.370 
meters. The bottom of the interferogram saw the smallest rise in land level namely 0.070 
meters, marked in dark blue. The rise in land level detected in the image pair in this 
range is likely due to rebuilding after the Mamuju earthquake. 

Fig. 13. The land deformation after the earthquake using image pairs of 28 December 2021–2 
February 2022. 

Figure 14 is a pair of images from 4 September 2020–2 February 2022 to test the 
total deformation long before and after the earthquake on 15 January 2021. The data 
processing results show that there is deformation in the form of land level rise (uplift) 
starting from 0.130 up to 0.360 meters, shown in the yellow to red color range. This image 
pair also detected subsidence with a value of −0.100 to −0.550 meters, marked with 
a color range of green to dark blue. The most significant deformation in Mamuju City 
was demonstrated during the Mamuju earthquake, which was marked by a considerable 
subsidence of the land surface. The Sentinel-1A SAR satellite can only detect surface 
areas, so geological conditions cannot be observed. Based on SAR data processing that 
has been carried out using the DInSAR method, a summary of land deformation in the 
Mamuju area can be seen in Table 3. 

Research on earthquakes with a magnitude of Mw 6.2 in Mamuju and Majene, West 
Sulawesi Province, Indonesia, generated by active faults continuously extending to the 
Makassar Strait (Makassar Strait Thrust), was conducted using seismic data and the 
Global Positioning System (GPS). The study revealed that the primary earthquake, with
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Fig. 14. The total land deformation before and after the earthquake using image pairs of 4 
September 2020–2 February. 

Table 3. The summary of land subsidence in Mamuju Regency area 

No Pair of data Uplift (m) Subsidence (m) 

1 4 September 2020–21 December 2020 0.002 to 0.212 −0.078 

2 21 December 2020–26 January 2021 – −0,010 to −0,370 

3 28 December 2021–2 February 2022 0.070 to 0.670 – 

4 4 September 2020–2 February 2022 0.130 to 0.360 −0.100 to −0.550

a depth of 30 km, caused a segment of the MST to collapse and triggered a secondary 
fault structure [7, 35]. The responsible fault is the Mamuju fault [8]. This condition 
resulted in significant deformation in the Mamuju and Majene areas. Furthermore, the 
damage proxy map (derived from Sentinel-1 SAR scenes) in the Mamuju area, located 
more than 30 km from the epicenter, indicates an average probability of 0.9, evenly 
distributed. In contrast, the southern Mamuju and Majene areas, approximately 10 km 
from the epicenter, show an average probability of damage of 0.9, forming a linear 
distribution along the coastline. Land deformation after the earthquake indicates that 
deformation occurred predominantly in coastal areas (see Fig. 13). This result aligns 
with Ref [7] above with seismic, sentinel 1A SAR, and GPS approaches. As stated in 
Ref [7], the extent of the damage was caused by the Mamuju and Majene regions having 
a relatively higher crustal strain rate. 
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4 Conclusion 

The occurrence of land deformation in the Mamuju area, West Sulawesi, Indonesia, due 
to the earthquake on 15 January 2021, has been analyzed using Sentinel-1A satellite 
image data. Employing the Differential Interferometry Synthetic Aperture Radar (DIn-
SAR) method, the land eformation observed using four pairs of Sentinel-1A images with 
data acquisition in 2020–2022 Level-1 SLC (Single Look Complex) with dual polar-
ization (VV: Vertical-Vertical and VH: Vertical-Horizontal) and Interferometric Wide 
acquisition mode (IW). 

Based on the research that has been carried out, it can be concluded that the magnitude 
of land deformation that occurred in Mamuju City before the earthquake occurred had 
a land level rise of 0.002 to 0.212 meters and a land subsidence of −0.078 meters. The 
land surface dropped by −0.001 to −0.370 meters when the earthquake occurred. A 
year after the earthquake, the land level rose by 0.070 to 0.670 meters. So, the average 
deformation in Mamuju caused by the quake was a rise in land level of 0.130–0.360 
meters and a decrease in land level of −0.100 to −0.550 meters. 
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