
 

viii 
 

TABLE OF CONTENTS 

 

TITLE PAGE ........................................................................................................... i 

ENDORSMENT PAGE .......................................................................................... ii 

STATEMENT OF ORIGINALITY ....................................................................... iii 

ABSTRACT ........................................................................................................... iv 

PREFACE .............................................................................................................. vi 

TABLE OF CONTENTS ..................................................................................... viii 

LIST OF TABLES .................................................................................................. x 

LIST OF FIGURES ............................................................................................... xi 

CHAPTER I INTRODUCTION ............................................................................. 1 

1.1. Background .............................................................................................. 1 

1.2. Research Problems ................................................................................... 5 

1.3. Research Objectives ................................................................................. 5 

1.4. Research Values ....................................................................................... 5 

1.5. Literature Review ..................................................................................... 6 

1.5.1. Semeru Volcano ................................................................................ 6 

1.5.2. Disaster .............................................................................................. 9 

1.5.3. Lahar ............................................................................................... 11 

1.5.4. LaharZ ............................................................................................. 11 

1.5.5. DEMNAS ........................................................................................ 12 

1.5.6. Sentinel-2 Imagery .......................................................................... 13 

1.6. Previous Research .................................................................................. 14 

1.7. Framework .............................................................................................. 19 

CHAPTER 2 METHODOLOGY ......................................................................... 20 

2.1. Research Location .................................................................................. 20 

2.2. Research Tools and Materials ................................................................ 21 

2.2.1. Tools ................................................................................................ 21 

Lahar Flow Simulation Using Laharz For Hazard Zone Mapping In Besuk Semut Valley, Semeru
Volcano
Johan Herdi Putra, Dr. Danang Sri Hadmoko S. Si, M. Sc.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

ix 
 

2.2.2. Materials .......................................................................................... 22 

2.3. Research Method .................................................................................... 22 

2.3.2. Data Processing ............................................................................... 23 

2.3.3. Post-Processing (Analysis) and Validation ..................................... 28 

2.4. Research Flow Diagram ......................................................................... 29 

2.5. Operational Boundary ............................................................................ 29 

CHAPTER III DESCRIPTION OF RESEARCH LOCATION ........................... 30 

3.1. Geography of Besuk Semut Valley ........................................................ 30 

3.2. Climate ................................................................................................... 31 

3.3. Geology .................................................................................................. 32 

3.4. Geomorphology ...................................................................................... 33 

3.5. Landuse .................................................................................................. 33 

CHAPTER IV RESULT AND DISCUSSION ..................................................... 36 

4.1. Lahar Flow Simulation using LaharZ .................................................... 36 

4.1.1. Pre-Processing ................................................................................. 36 

4.1.2 Create Surface Hydrology Rasters ........................................................ 37 

4.1.3. Stream Network .............................................................................. 39 

4.1.4. Hazard Zone Proximal .................................................................... 40 

4.1.5. Lahar Distal Zones .......................................................................... 42 

4.1.6. Lahar Distal Zones with Confidence Levels ................................... 43 

4.2. Morphological Change Before and After Eruption ................................ 45 

4.3. Historical Data Analysis ......................................................................... 48 

4.4. Lahar-inundation Hazard Zone Mapping ............................................... 50 

CHAPTER V CONCLUSION AND RECOMMENDATION ............................. 53 

5.1. Conclusion .............................................................................................. 53 

5.2. Recommendation .................................................................................... 53 

REFERENCES ...................................................................................................... 55 

 

Lahar Flow Simulation Using Laharz For Hazard Zone Mapping In Besuk Semut Valley, Semeru
Volcano
Johan Herdi Putra, Dr. Danang Sri Hadmoko S. Si, M. Sc.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

x 
 

LIST OF TABLES 

Table 1.1. Semeru Volcano Eruption Periods ......................................................... 8 
Table 1.2. Previous Research ................................................................................ 14 
Table 2.1. List of Research Tools ......................................................................... 21 
Table 2.2. List of Research Tools ......................................................................... 22 
 
  

Lahar Flow Simulation Using Laharz For Hazard Zone Mapping In Besuk Semut Valley, Semeru
Volcano
Johan Herdi Putra, Dr. Danang Sri Hadmoko S. Si, M. Sc.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

xi 
 

LIST OF FIGURES 

Figure 1.1. Distribution of Volcanoes in Indonesia ................................................ 2 

Figure 1.2. NDBI Map of Semeru Volcano using Landsat 9 OLI .......................... 3 

Figure 1.3. Classification of Hazards ...................................................................... 9 

Figure 1.4. Relationship Diagram Cross Section Area (A) & Planimetric Area (B)

 ............................................................................................................................... 12 

Figure 1.5. DEMNAS Visualization ..................................................................... 13 

Figure 1.6. Research Framework .......................................................................... 19 

Figure 2. 1. Research Location ............................................................................. 21 

Figure 2.2. Research Flow .................................................................................... 29 

Figure 2.3. Satellite imagery of Southeastern part of Semeru Volcano, including 

Besuk Semut Valley .............................................................................................. 31 

Figure 3.1. Illustration of monsoon by NOAA ..................................................... 32 

Figure 3.2. Map of Landuse by Utami, 2023 ........................................................ 34 

Figure 4. 1. Filled DEM ........................................................................................ 36 

Figure 4.2. Flow direction ..................................................................................... 37 

Figure 4.3. Flow Accumulation ............................................................................ 39 

Figure 4.4. Stream Network .................................................................................. 40 

Figure 4. 5. The intersection between the outline of hazard zone proximal and 

stream networks will be the starting point of the lahar simulation ....................... 41 

Figure 4.6. Lahar Distal Zone ............................................................................... 43 

Figure 4.7. Lahar Distal Zone with Confidence Level of 95% ............................. 45 

Figure 4.8. Cut and fill of southeastern part of Semeru Volcano, including Besuk 

Semut Valley ......................................................................................................... 46 

Figure 4.9 Area Affected by Eruotion in Besuk Semut Valley............................. 47 

Figure 4.10. Google Earth Imagery of Besuk Semut Valley in 2018 (left) and 

2023 (right) ........................................................................................................... 48 

Figure 4. 11mining operation in Besuk Semut Valley .......................................... 48 

Lahar Flow Simulation Using Laharz For Hazard Zone Mapping In Besuk Semut Valley, Semeru
Volcano
Johan Herdi Putra, Dr. Danang Sri Hadmoko S. Si, M. Sc.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/



 

xii 
 

Figure 4.12. Map of Lahar-Inundation Hazard Zone in Besuk Semut Valley, 

Semeru Volcano .................................................................................................... 51 

Lahar Flow Simulation Using Laharz For Hazard Zone Mapping In Besuk Semut Valley, Semeru
Volcano
Johan Herdi Putra, Dr. Danang Sri Hadmoko S. Si, M. Sc.
Universitas Gadjah Mada, 2025 | Diunduh dari http://etd.repository.ugm.ac.id/


