QUANTIFYING THE EXPOSURE OF COASTAL ECOSYSTEM SERVICES TO EXTREME WAVES AND
COASTAL EROSION HAZARD

IN BANGKA REGENCY, INDONESIA

UNIVERSITAS Taufik Budi Waskita, Dr. Bachtiar Wahyu Mutagin, S.Kel., M.Sc.; Prof. Dr.rer.nat. Muh Aris Marfai, S.Si., M.Sc.

GADJAH MADA Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

TABLE OF CONTENTS

APPROVAL PAGE ... .o i
STATEMENT OF AUTHENTICITY ..o iii
ABSTRACT .. 0\
PREFACE ... e e vii
TABLE OF CONTENTS ..o IX
LIST OF TABLES ... oo xii
LIST OF FIGURES ... s Xiii
LIST OF ABBREVIATIONS ... s Xiv
CHAPTER | INTRODUCTION ...ttt 1
1.1, BACKGrOUND ......ooeiiiiiieiieiee e 1
1.2, Problem Statement ..o 6
1.3, Research QUESLIONS .........ccoiieieiieiierie e 8
1.4, ReSearch ODJECHIVES ......ccooiiiiiiee e 9
1.5, Research ContribDULIONS ..........ccooiiiiiiiiie e 9
1.6, LIterature REVIEW .........ccoiiiiiiiiiiiieerieee e 9
1.6.1. Introduction to Coastal ENVIrONMENtS ..........cccceeevrineiiincneineens 9
1.6.2. Coastal Processes and Geomorphology .........ccccccevvevieiieiecviecnnenne. 10
1.6.3. Extreme waves and Coastal Erosion............cccocevreneinincniinennns 12
1.6.4. Coastal ECOSYStEM SEIVICES......cccvveiiiieiiiiiee e 15
1.6.5. Coastal Ecosystem Services Disruption and LOSS .........c.cccceevveenee. 17
1.6.6. Assessment of Coastal ECOSystem Services..........cooevvrvivrerinnnnn 18
1.6.7.  Literature SYNTNESIS.......cccooiiiiiiiiieiee e 20

1.7.  Conceptual Framework ..........cocoiiiiiiiiiieeee s 23



QUANTIFYING THE EXPOSURE OF COASTAL ECOSYSTEM SERVICES TO EXTREME WAVES AND
COASTAL EROSION HAZARD

IN BANGKA REGENCY, INDONESIA

Taufik Budi Waskita, Dr. Bachtiar Wahyu Mutagin, S.Kel., M.Sc.; Prof. Dr.rer.nat. Muh Aris Marfai, S.Si., M.Sc.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

CHAPTER Il RESEARCH METHODS. ..o 26

2.1. Evaluating the Spatial Variability of Ecosystem Services Across the

Coastal Land SYStEMS .....ccecviiieiieie et 26
2.1.1. Identification of the Coastal Land Systems ..........cccccccveververieennenn. 26

2.1.2. Ecosystem Services Assessment Based on the Identified Coastal Land

Systems 29
2.1.3.  Spatial Variability Evaluation .............cccooviiiiniiin e 32

2.2.  Analyzing the Spatial Distribution of Extreme Waves and Coastal Erosion
HAZAIT ...ttt nreene s 33

2.2.1. ldentification of the Hydrodynamic, Morphological, and

ANthropogenic CharaCteriStiCS.........covviieiieieiie e 33

2.2.2. Hazard Modeling Based on the Identified Hydrodynamic,

Morphological, and Anthropogenic Characteristics ...........cccccevvveverireieenns 35
2.2.3.  Spatial Distribution ANalYSIS .........cccoceririiiiiinieieese e 39

2.3.  Quantifying the Threat Exposure of Mapped Ecosystem Services to

Extreme Waves and Coastal Erosion Hazard.............c.ccoovvviiiiinenciencncnee 40
2.4, DEFINITIONS .. 41
2.4.1. Conceptual Definitions..........cccveiiiieeiiiie e 41
2.4.2.  Operational Definitions............ccccoveiieiiiic i 42

2.5, Research FIOWChArt ..o 43
CHAPTER 111 STUDY AREA OVERVIEW ..o 46
3.1.  Location of the StUdY Area ........ccccceiiiiiiiii i 46
3.2. Coastal Processes and Geomorphology in the Study Area .................... 49
3.3.  Coastal Ecosystem Utilization in the Study Area ........cccccoeevvevieiiieeinnns 54

3.4. Documented Impacts of Etreme Wave Events and Coastal Erosion on
Coastal Ecosystem in the StUdY Ar€a .......ccccvveriiiniiiiieeee s 58



QUANTIFYING THE EXPOSURE OF COASTAL ECOSYSTEM SERVICES TO EXTREME WAVES AND
COASTAL EROSION HAZARD

IN BANGKA REGENCY, INDONESIA

Taufik Budi Waskita, Dr. Bachtiar Wahyu Mutagin, S.Kel., M.Sc.; Prof. Dr.rer.nat. Muh Aris Marfai, S.Si., M.Sc.

Universitas Gadjah Mada, 2026 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

CHAPTER IV RESULTS AND DISCUSSION......cccoiiiiiiiiiieiceeee e 62
A1, RESUILS ..ot 62
4.1.1. Ecosystem Services Capacity (ESCap)......c.ccoovrverirrereneniennninnnns 62
4.1.2. Extreme Waves and Coastal Erosion Hazard (HIndex) .................. 69
4.1.3.  Threat Exposure (ESTNreat) .........ccccoevveveeiieniciesicse e 78

4.2, DISCUSSION ..ottt sttt b et nn e 83
4.2.1. Interpreting the ESCap LandsCape........cccccevvevureveiieeieeieceesieenenns 83
4.2.2. Hazard Dynamics and Their Spatial Footprint ..............cccccevvnene. 90
4.2.3.  Understanding the Overlap (ESThreat)...........ccccooveveiieiriiieinenne. 100
4.2.4. Implications for Coastal Management and Spatial Planning........ 107
4.2.5. Limitations of the StUdY..........ccccereriiiiiniiin 110
CHAPTER V CONCLUSIONS AND RECOMMENDATIONS ........ccccoeveenee. 113
5.1, CONCIUSIONS ...ttt 113

5.1.1. Spatial Variability of Ecosystem Services Across the Coastal Land
Systems 113

5.1.2.  Spatial Distribution of Extreme Waves and Coastal Erosion Hazard
113

5.1.3. Threat Exposure of Mapped Ecosystem Services to Extreme Waves

and Coastal Erosion Hazard............ccceeeeiinineienseseee e 114

5.2.  ReCOMMENUALIONS ....c.eeuiiieieiieiesiie e ee e nne e 114
5.2.1. Academic and Theoretical Recommendations...........c...ccccervennens 114
5.2.2. Practical and Policy Recommendations..........c.cccccevenirenenennnne. 115
REFERENCGES. ... ..ottt 116

Xi



