
vi 

 

TABLE OF CONTENTS 

 

TITLE ..................................................................................................................... i 

ENDORSEMENT ................................................................................................... ii 

DECLARATION OF AUTHENTICITY ........................................................... iii 

TABLE OF CONTENTS ..................................................................................... vi 

LIST OF TABLES ............................................................................................. viii 

LIST OF FIGURES .............................................................................................. x 

ABSTRACT ........................................................................................................... 1 

CHAPTER I  INTRODUCTION ......................................................................... 3 

A. Background of the study ............................................................... 3 

B. Research questions of the Study ................................................. 13 

C. Objectives of the Study ............................................................... 13 

D. Significance of the Study ............................................................ 13 

CHAPTER II LITERATURE REVIEW .......................................................... 14 

A. Geoecology ................................................................................. 14 

1. Definition ............................................................................. 14 

2. Key geological characteristics ............................................. 18 

B. Modelling in ArcGIS .................................................................. 23 

1. Modelling using ArcGIS ...................................................... 23 

2. ArcGIS for Information Data Model of the forest ............... 25 

C. Forest conservation ..................................................................... 26 

D. Micro-Zonation of Vegetation .................................................... 27 

1. National Park zonation of MMNP ....................................... 28 

2. The importance of micro-zonation of vegetation ................. 29 

3. K-Means Cluster Analysis Method ...................................... 33 

4. Analytical Hierarchy Process ............................................... 34 

E. Forest Land Cover and Carbon Storage ...................................... 36 

1. Land cover............................................................................ 36 

2. Carbon storage ..................................................................... 40 

F. Research Hypotheses .................................................................. 43 

Geoecological Model for Conservation of Plawangan Hill in Mount Merapi National Park (MMNP),
Yogyakarta Indonesia
Kamran Khan SO Mohib Gul, Prof. Dr. Ir. Ronggo Sadono, IPM, Prof. Dr.Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM., Dr. Ir. Much. Taufik Tri Hermawan, S. Hut., M.Si. IPU.,
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



vii 

 

CHAPTER III RESEARCH METHOD ........................................................... 45 

A. Research Site ............................................................................... 45 

B. Time Allocation .......................................................................... 47 

C. Research Instruments .................................................................. 48 

D. Data Collection Techniques ........................................................ 49 

1. Geological characteristics .................................................... 49 

2. Micro- Zonation of Vegetation ............................................ 52 

3. Forest land cover and carbon storage changes ..................... 58 

E. Data Analysis .............................................................................. 59 

1. Geological characteristics .................................................... 59 

2. Micro- Zonation of Vegetation ............................................ 63 

3. Forest land cover and carbon storage changes ..................... 65 

F.  Research Flowchart .................................................................. 72 

CHAPTER IV RESULTS AND DISCUSSIONS ............................................. 73 

A. Results ......................................................................................... 73 

1. Geological Characteristics of Plawangan Hill ..................... 73 

2. Micro-zonation of Vegetation (K-Means Clustering) .......... 83 

3. Land Cover and Carbon Storage .......................................... 97 

B. Discussions ................................................................................ 103 

1. Geological Characteristics of Plawangan Hill ................... 103 

2. Micro-zonation of Vegetation ............................................ 109 

3. Land Cover and Carbon Storage ........................................ 125 

CHAPTER V CONCLUSIONS AND RECOMMENDATIONS ................. 131 

A. Conclusions ............................................................................... 131 

B. Recommendations ..................................................................... 132 

REFERENCES .................................................................................................. 134 

Attachments ....................................................................................................... 154 

 

Geoecological Model for Conservation of Plawangan Hill in Mount Merapi National Park (MMNP),
Yogyakarta Indonesia
Kamran Khan SO Mohib Gul, Prof. Dr. Ir. Ronggo Sadono, IPM, Prof. Dr.Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM., Dr. Ir. Much. Taufik Tri Hermawan, S. Hut., M.Si. IPU.,
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



viii 

 

LIST OF TABLES 

Table 1. Geo-ecological Application in area of Interest ........................... 18 

Table 2. Slope angle classification ............................................................ 23 

Table 3. The matric scale of a pairwise comparison in AHP (Saaty 1980)

 ................................................................................................................... 35 

Table 4. list of plants species in Plawangan Mount .................................. 47 

Table 5. Data source of DEM, DTM and eruption history of Plawangan Hill

 ................................................................................................................... 49 

Table 6. Altitudinal zonation (Whitmore and Burham 1986) ................... 53 

Table 7. Demarcation of Micro-zonation of Vegetation (Richards 1996) 53 

Table 8. Types of secondary data and data sources used in research ....... 54 

Table 9 Criteria of micro-zonation of vegetation ...................................... 55 

Table 10. Detail information of research data collection .......................... 58 

Table 11. Slope angle classification .......................................................... 60 

Table 12. Methodology used for soil parameters in laboratory analysis .. 61 

Table 13. pH of the Soil Sample ............................................................... 61 

Table 14. Soil nutrients classification ....................................................... 61 

Table 15 Moisture Content Parameter ...................................................... 62 

Table 16. Explanation of land cover classes ............................................. 66 

Table 17 Forest Canopy Density Mapper’s formulas and method ........... 67 

Table 18. Elevation Classification of Plawangan Hill .............................. 74 

Table 19. Slope Classification of Plawangan Hill .................................... 74 

Table 20. Soil Characteristics of Plawangan Hill ..................................... 76 

Table 21. Number of plants in each plot of directly and indirectly affected 

area ............................................................................................................ 77 

Table 22. Vegetation growth in Plawangan Hill ....................................... 79 

Table 23. Pearson correlation of geological characteristics and vegetation 

growth in IA (Strong Positive significant) ............................................... 81 

Table 24. Pearson correlation of geological characteristics and vegetation 

growth in DA-1994 (Strong Positive significant) .................................... 81 

Table 25 Pearson correlation of geological characteristics and vegetation 

growth in DA-1997 (Strong Positive significant) .................................... 82 

Table 26. Final cluster analysis of Micro-zonation of vegetation ............. 83 

Table 27. The AHP weighting results ....................................................... 85 

Table 28. Criteria weights and classes scores for micro-zonation of 

vegetation .................................................................................................. 86 

Table 29. Clustering prioritization based on AHP .................................... 95 

Table 30. Land cover changes in four years in Plawangan Hill: .............. 98 

Geoecological Model for Conservation of Plawangan Hill in Mount Merapi National Park (MMNP),
Yogyakarta Indonesia
Kamran Khan SO Mohib Gul, Prof. Dr. Ir. Ronggo Sadono, IPM, Prof. Dr.Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM., Dr. Ir. Much. Taufik Tri Hermawan, S. Hut., M.Si. IPU.,
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



ix 

 

Table 31. Detail data of land cover and carbon storage of Plawangan Hill

 ................................................................................................................. 100 

Table 32.   Accuracy estimation for classified image in 2023 ................ 102 

Table 33. Clustering characteristics ........................................................ 115 

Table 34. Native Species in Evergreen Lowland Tropical Rainforests .. 118 

Table 35. Native Species in Low Mountain Tropical Rainforests .......... 120 

Table 36. List of exotic and native species in MMNP ............................ 121 

  

Geoecological Model for Conservation of Plawangan Hill in Mount Merapi National Park (MMNP),
Yogyakarta Indonesia
Kamran Khan SO Mohib Gul, Prof. Dr. Ir. Ronggo Sadono, IPM, Prof. Dr.Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM., Dr. Ir. Much. Taufik Tri Hermawan, S. Hut., M.Si. IPU.,
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/



x 

 

LIST OF FIGURES 

Figure 1. USDA Soil texture triangle ........................................................ 20 

Figure 2. The AHP’s hierarchy structure .................................................. 35 

Figure 3. Map of the research site ............................................................. 46 

Figure 4. Eruption History of Plawangan Hill .......................................... 50 

Figure 5. Pre-eruption (2010) and post-eruption (2011) photos ............... 51 

Figure 6. Resilience phase of Plawangan Hill (2019) ............................... 51 

Figure 7 Criteria and sub-criteria of micro-zonation of vegetation .......... 58 

Figure 8 Data analysis process of DEM and DSM ................................... 60 

Figure 9 The process of rainfall calculation .............................................. 63 

Figure 10. Process used to assess changes in the forest land cover and carbon 

storage ....................................................................................................... 71 

Figure 11. Research flowchart of the research .......................................... 72 

Figure 12. (A) DEM; (B) DTM; (C) DSM; and (D) Slope Classification 75 

Figure 13. Final cluster analysis result ...................................................... 83 

Figure 14. Map of five clustering result .................................................... 84 

Figure 15. Eruption history Map of Plawangan Hill ................................. 88 

Figure 16. Map of vegetation characteristics based on elevation of 

Plawangan Hill .......................................................................................... 89 

Figure 17. Landcover classes Map of Plawangan Hill .............................. 90 

Figure 18. MMNP Zonation Map of Plawangan Hill ............................... 91 

Figure 19. Elevation Map of Plawangan Hill ........................................... 92 

Figure 20. Slope Map of Plawangan Hill .................................................. 92 

Figure 21. Rainfall Intensity Map of Plawangan Hill ............................... 93 

Figure 22. Soil Nutrients Map of Plawangan Hill .................................... 94 

Figure 23. Priority Map of Micro-zonation of Vegetation of Plawangan Hill

 ................................................................................................................... 96 

Figure 24. Combine map of MMNP and Priorities zone .......................... 96 

Figure 25 Land cover changes of study site for 4-year periods ................ 99 

Figure 26. Carbon storages and the changes in Plawangan Hill for 4-year 

periods ..................................................................................................... 101 

Figure 27. Map of LCC in 2009, 2013, 2017 and 2023 of Plawangan Hill

 ................................................................................................................. 102 

 

  

Geoecological Model for Conservation of Plawangan Hill in Mount Merapi National Park (MMNP),
Yogyakarta Indonesia
Kamran Khan SO Mohib Gul, Prof. Dr. Ir. Ronggo Sadono, IPM, Prof. Dr.Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM., Dr. Ir. Much. Taufik Tri Hermawan, S. Hut., M.Si. IPU.,
Universitas Gadjah Mada, 2024 | Diunduh dari http://etd.repository.ugm.ac.id/

file:///E:/PhD%20UGM%202021/1.%20DISSERTATION%20PROGRESS/Revision%20before%20final%20presentation/Dissertation%20Full%20Version%20after%20Ujian%20tertutup.docx%23_Toc168999298
file:///E:/PhD%20UGM%202021/1.%20DISSERTATION%20PROGRESS/Revision%20before%20final%20presentation/Dissertation%20Full%20Version%20after%20Ujian%20tertutup.docx%23_Toc168999299
file:///E:/PhD%20UGM%202021/1.%20DISSERTATION%20PROGRESS/Revision%20before%20final%20presentation/Dissertation%20Full%20Version%20after%20Ujian%20tertutup.docx%23_Toc168999303
file:///E:/PhD%20UGM%202021/1.%20DISSERTATION%20PROGRESS/Revision%20before%20final%20presentation/Dissertation%20Full%20Version%20after%20Ujian%20tertutup.docx%23_Toc168999305
file:///E:/PhD%20UGM%202021/1.%20DISSERTATION%20PROGRESS/Revision%20before%20final%20presentation/Dissertation%20Full%20Version%20after%20Ujian%20tertutup.docx%23_Toc168999306
file:///E:/PhD%20UGM%202021/1.%20DISSERTATION%20PROGRESS/Revision%20before%20final%20presentation/Dissertation%20Full%20Version%20after%20Ujian%20tertutup.docx%23_Toc168999310
file:///E:/PhD%20UGM%202021/1.%20DISSERTATION%20PROGRESS/Revision%20before%20final%20presentation/Dissertation%20Full%20Version%20after%20Ujian%20tertutup.docx%23_Toc168999313
file:///E:/PhD%20UGM%202021/1.%20DISSERTATION%20PROGRESS/Revision%20before%20final%20presentation/Dissertation%20Full%20Version%20after%20Ujian%20tertutup.docx%23_Toc168999313

	TABLE OF CONTENTS
	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES

