
v 

 

 

CONTENTS 
 

ACKNOWLEDGEMENT ................................................................................................. i 

ABSTRACT ..................................................................................................................... iii 

INTISARI ........................................................................................................................ iv 

CONTENTS ...................................................................................................................... v 

LIST OF FIGURES ....................................................................................................... viii 

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

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

I.1. BACKGROUND .................................................................................................... 1 

I.2. PROBLEM FORMULATION ............................................................................... 2 

I.3 OBJECTIVE ............................................................................................................ 3 

I.4. BENEFITS OF RESEARCH .................................................................................. 4 

I.5. RESEARCH AREA ................................................................................................ 4 

I.5.1 Description of General Profile .......................................................................... 4 

I.6 THE SCOPE OF RESEARCH ................................................................................ 6 

I.7 RESEARCH LIMITATION .................................................................................... 6 

I.8 PREVIOUS RESEARCH ........................................................................................ 6 

CHAPTER II. REGIONAL GEOLOGY .......................................................................... 9 

II.1.  REGIONAL PHYSIOGRAPHY AND GEOMORPHOLOGY ........................... 9 

II.2. REGIONAL GEOLOGICAL STRUCTURE ...................................................... 12 

II.3. REGIONAL GROUND MOVEMENT SUSCEPTIBILITY .............................. 12 

CHAPTER III. LITERATURE REVIEW ...................................................................... 14 

III.1 LANDSLIDE DEFINITION ............................................................................... 14 

III.2 LANDSLIDE TYPES ......................................................................................... 15 

III.2.1 Rock falls ...................................................................................................... 15 

III.2.2 Topple ........................................................................................................... 15 

III.2.3 Flows ............................................................................................................ 16 

III.2.4 Lateral spread ............................................................................................... 17 

III.2.5 Slides ............................................................................................................ 17 

III.3 CAUSES AND MECHANISM OF LANDSLIDE ............................................. 18 

Landslide Susceptibility Mapping using Analytical Hierarchy Process (AHP) AT Nglipar District, 
Gunung Kidul Regency, Yogyakarta Special Region, Indonesia
Phoulid SAENKANG, Ir. Hendy Setiawan, S.T., M.Eng., Ph.D; Dr. Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



vi 

 

III.3.1 Landslide conditioning factors ..................................................................... 22 

III.3.1.1 Slope angle ................................................................................................ 22 

III.3.1.2 Lithology ................................................................................................... 22 

III.3.2 Landslide triggering factors .......................................................................... 24 

III.4 TYPE OF LANDSLIDE MAPS ......................................................................... 26 

III.4.1 Landslide susceptibility map ........................................................................ 26 

III.4.2 Landslide hazard map ................................................................................... 26 

III.5. LANDSLIDE SUSCEPTIBILITY MAPPING .................................................. 27 

III.5.1 Basic principles ............................................................................................ 27 

III.5.2 Mapping Scale .............................................................................................. 28 

III.5.3. Mapping Units ............................................................................................. 29 

III.5.4 Susceptibility analysis approaches ............................................................... 30 

III.6. HYPOTHESIS ................................................................................................... 34 

CHAPTER IV. RESEARCH METHODOLOGY .......................................................... 35 

IV.1 RESEARCH MATERIALS ................................................................................ 35 

IV.2 RESEARCH EQUIPMENT................................................................................ 35 

IV.3 RESEARCH METHOD...................................................................................... 36 

IV.3.1 Research preparation .................................................................................... 36 

IV.3.2 Field investigation ........................................................................................ 36 

IV.3.3 Data analysis ................................................................................................ 37 

IV.3.4 Result ............................................................................................................ 38 

CHAPTER V.RESULTS AND DISCUSSIONS ............................................................ 40 

V.1 DATA ................................................................................................................... 40 

V.1.1 Geological Data ............................................................................................. 40 

V.1.2 Geomorphological condition ......................................................................... 41 

V.1.3 Gentle slope Unit ........................................................................................... 43 

V.1.4 Moderately Slope Unit ................................................................................... 44 

V.1.4.1 Steep slope and very steep slope unit ......................................................... 45 

V.2 GEOLOGICAL CONDITION ............................................................................. 46 

V.2.1 Lithology ....................................................................................................... 46 

V.2.2 Lapilli Tuff .................................................................................................... 46 

V.2.3 Andesite breccia ............................................................................................ 48 

V.2.4 Sandstone ....................................................................................................... 49 

V.2.5 Massive limestone, bedded limestone ........................................................... 51 

Landslide Susceptibility Mapping using Analytical Hierarchy Process (AHP) AT Nglipar District, 
Gunung Kidul Regency, Yogyakarta Special Region, Indonesia
Phoulid SAENKANG, Ir. Hendy Setiawan, S.T., M.Eng., Ph.D; Dr. Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



vii 

 

V.3 GEOLOGICAL STRUCTURE ............................................................................ 52 

V.4. LAND USE CONDITION .................................................................................. 54 

V.5. RAINFALL ......................................................................................................... 55 

V.6. LANDSLIDE OCCURRENCES ........................................................................ 56 

V.7 LANDSLIDE SUSCEPTIBILITY MAPPING .................................................... 58 

V.7.1 Database creation ........................................................................................... 58 

V.7.2 Score evaluation ............................................................................................ 64 

............................................................................................................. 71 

V.8 DISCUSSIONS .................................................................................................... 80 

CHAPTER VI.CONCLUSION AND RECOMMENDATION ..................................... 84 

VI.1 CONCLUSION ................................................................................................... 84 

VI.2 RECOMMENDATION ...................................................................................... 85 

REFERENCES ............................................................................................................... 86 

APPENDIXES ................................................................................................................ 91 

Appendix A: Petrography Analysis ............................................................................ 91 

Appendix B: Weight Calculation by using AHP ........................................................ 98 

Appendix C: Field Work Data .................................................................................. 101 

 

 

 

 

 

 

 

 

 

 

 

 

V.7.3 Weighting factors .......................................................................................... 69 

V.7.4 Result 

V.7.5 Sensitivity Analysis ....................................................................................... 72 

Landslide Susceptibility Mapping using Analytical Hierarchy Process (AHP) AT Nglipar District, 
Gunung Kidul Regency, Yogyakarta Special Region, Indonesia
Phoulid SAENKANG, Ir. Hendy Setiawan, S.T., M.Eng., Ph.D; Dr. Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



viii 

 

LIST OF FIGURES 
 

Figure I.1 Landslide in Nglipar ......................................................................................... 3 

Figure I.2 Location of study area. ..................................................................................... 5 

Figure II.1 Regional Geomorphology map of Yogyakarta, Indonesia (Husein et al., 

Figure II.2 Regional Lithology and regional stratigraphy geological Map of the study 

area in Southeast Yogyakarta with modification map Surono and Sudarno, 

(1992). .......................................................................................................... 10 

Figure II.3 Susceptibility to ground movement Zone Map of Gunungkidul Regency, 

Yogyakarta Special Region Scale 1:100.000 (PVMBG, 2013). .................. 13 

Figure III.2 Landslide types (Highland and Bobrowsky, 2008). .................................... 18 

Figure III.3 An example changing the factor of safety with time (Modified after 

(Popescu, 2001)). ......................................................................................... 19 

Figure III.4 Landslide causes and mechanism (Modified after Karnawati, 2002) ......... 20 

Figure V.1 Observation Map of the Study Area……………….……………………….…..40 

Figure V.2 Geomorphological map of study area ........................................................... 41 

Figure V.3 Slope angle map with landslide occurrence points ....................................... 43 

Figure V.4 Geomorphology shows lowland (ST26) ....................................................... 44 

Figure V.5 Geomorphology shows moderate slope (ST09) ........................................... 45 

Figure V.6 Geomorphology of highland in study area (ST41) ....................................... 46 

Figure V.7 Lapilli tuff (ST01) ........................................................................................ 47 

Figure V.8 The result of petrography observation for Lapilli tuff (ST01) ..................... 47 

Figure V.9  Andesite Breccia (ST04) ............................................................................. 49 

Figure V.10 The result of petrography observation from andesite breccia rock sample 

(ST04) .......................................................................................................... 49 

Figure V.11  Sandstone (ST48) ...................................................................................... 50 

Figure V.12 The result of petrography observation for sandstone (ST48) ..................... 51 

Figure V.13 Massive limestone, carbonaceous limestone (ST49) .................................. 51 

Figure V.14 The result of petrography observation for Limestone (ST49) .................... 52 

Figure V.15 A.Layers of Tuff (ST21); B.Contact between Andesite breccia and Lapilli 

tuff (In between (ST18) and (ST19)); C. Joint pattern on Lapilli tuff (ST19); 

and D. Joint pattern on Andesite Breccia (ST10). ............................................ 53 

Figure V.16 Geological map of study area ..................................................................... 54 

Figure V.17 Geological profile ....................................................................................... 54 

Figure V.18 A. Plantation (ST54), B. Settlement (ST54), C. Rice field (ST30), D. Rice 

field (ST07) .................................................................................................... 55 

Figure V.19 Average of monthly rainfall in the study area (2017-2021) ....................... 56 

Figure V.20 Average annual rainfall in period (2017 -2021) ......................................... 56 

Figure V.21  Landslide Occurrence and Investigation Points Map of the Study Area ... 57 

Figure V.22 Types of landslides: A. Debris avalanche (ST39), B. Rotational landslide 

(ST14), C. Earthflow (ST02), D. Translational landslide (ST01) .................. 58 

Figure V.23 Digital Elevation Model of study area ........................................................ 59 

2008)………………………………………………………………….……..9 

Figure III.1 An idea of different landslides in different area …………………….…….14 

Figure IV.1 Flow chart of research study………………...……………………….…...39 

Landslide Susceptibility Mapping using Analytical Hierarchy Process (AHP) AT Nglipar District, 
Gunung Kidul Regency, Yogyakarta Special Region, Indonesia
Phoulid SAENKANG, Ir. Hendy Setiawan, S.T., M.Eng., Ph.D; Dr. Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



ix 

 

Figure V.24 Slope angle map of study area .................................................................... 60 

Figure V.25 Land use map with four classifications in the study area ........................... 61 

Figure V.26 Lithological Map of the Study Area ........................................................... 62 

Figure V.27 Distance to lineament and fault in the study area ....................................... 63 

Figure V.28 Rainfall map covering the study area ......................................................... 64 

Figure V.29 slope angle and relative landslide occurrences ........................................... 65 

Figure V.30 Land use and relative landslide occurrences .............................................. 66 

Figure V.31  Lithology and relative landslide occurrences ............................................ 67 

Figure V.32 distance to lineament and fault relative landslide occurrences .................. 68 

Figure V.33 Relative landslide occurrences and rainfall ................................................ 69 

Figure V.34 Landslide Susceptibility Map of the Study Area ........................................ 72 

Figure V.35 The relationship between the weight percentage and landslide occurrences 

for each factor ................................................................................................. 73 

Figure V.36 Landslide occurrence of scenario slope angle ............................................ 75 

Figure V.37 Landslide susceptibility map resulted from using weight factor of scenario 

slope angle ...................................................................................................... 75 

Figure V.38 Landslide occurrence of scenario lithology ................................................ 76 

Figure V.39 Landslide susceptibility map resulted from using weight factor of scenario 

lithology ......................................................................................................... 76 

Figure V.40 Landslide occurrence of scenario distance to lineament & fault ................ 77 

Figure V.41 Landslide susceptibility map resulted from using weight factor of scenario 

Distance to lineament and fault ...................................................................... 77 

Figure V.42 Landslide occurrence of scenario land use ................................................. 78 

Figure V.43 Landslide susceptibility map resulted from using weight factor of scenario 

land use ........................................................................................................... 78 

Figure V.44 Landslide occurrence of scenario rainfall ................................................... 79 

Figure V.45 Landslide susceptibility map resulted from using weight factor of scenario 

rainfall ............................................................................................................ 79 

Figure V.46 Result and relative actual events of landslide: A. ST14, B. ST21 and C. 

ST39. ............................................................................................................ 82 

Figure V.47 Relative susceptibility and landslide density .............................................. 83 

 

 

 

 

 

 

 

 

 

 

Landslide Susceptibility Mapping using Analytical Hierarchy Process (AHP) AT Nglipar District, 
Gunung Kidul Regency, Yogyakarta Special Region, Indonesia
Phoulid SAENKANG, Ir. Hendy Setiawan, S.T., M.Eng., Ph.D; Dr. Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/



x 

 

LIST OF TABLES 
 

Table I.1 The previous research related to the case study ................................................ 7 

Table III.1 Type and classification of landslide (USGS, 2004) ...................................... 15 

Table III.2 Classification of geological structure(Varnes, 1984) ................................... 24 

Table III.3 Landslide zoning mapping scales and their application (Fell et al., 2008) ... 28 

Table III.4 Merits and demerits of the main terrain units for landslide susceptibility  

hazard mapping (Carrara et al., 1995) ......................................................... 29 

Table III.5 Random consistency index (RI) (Saaty, 1980) ............................................. 32 

Table III.6 Scale of relative importance suggested by (Saaty, 1997) ............................. 33 

Table III.7 Decision matrix. ............................................................................................ 34 

Table IV.1 Secondary data .............................................................................................. 35 

Table V.1 Geomorphology cross section and Geomorphology characteristic ............... 42 

Table V.2 Landslide occurrence and scoring of each slope angle class ......................... 65 

Table V.3 Landslide occurrence and scoring of each land use class .............................. 66 

Table V.4 Landslide occurrence and scoring of each lithology class ............................. 67 

Table V.5 Landslide occurrence and scoring of each distance to lineament and fault 

class .............................................................................................................. 68 

Table V.6 Landslide occurrence and scoring of each rainfall class ................................ 69 

Table V.7 Pairwise and weight of each factor ................................................................ 70 

Table V.8 Scores and weights of each class and factor .................................................. 71 

Table V.9. Weighted sum all factors (WSF) .................................................................. 72 

Table V.10 Weighting of slope angle factor ................................................................... 75 

Table V.11 Weighting of lithology factor ...................................................................... 76 

Table V.12 Weighting of distance to lineament & fault factor ...................................... 77 

Table V.13 Weighting of land use factor ........................................................................ 78 

Table V.14 Weighting of rainfall factor ......................................................................... 79 

Table V.15 Summary of landslide susceptibility levels ................................................. 81 

Table V.16 Landslide density in the susceptibilities class.............................................. 83 

 
 

Landslide Susceptibility Mapping using Analytical Hierarchy Process (AHP) AT Nglipar District, 
Gunung Kidul Regency, Yogyakarta Special Region, Indonesia
Phoulid SAENKANG, Ir. Hendy Setiawan, S.T., M.Eng., Ph.D; Dr. Eng. Ir. Wahyu Wilopo, S.T., M.Eng., IPM
Universitas Gadjah Mada, 2023 | Diunduh dari http://etd.repository.ugm.ac.id/


