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Abstract 
The Indonesian archipelago sits along one of the most tectonically active plate boundaries on Earth, 

where the Indo-Australian Plate subducts beneath the Eurasian Plate at rates of 50-70 mm per year—a 

setting that has produced some of the deadliest tsunamis in recorded history. This research assessed 

tsunami risk and mapped coastal vulnerability across six island sectors of the Sunda Archipelago using 

a composite index combining hazard probability, physical exposure, and socioeconomic vulnerability. 

Bathymetric data, historical tsunami records (1600-2023), coastal geomorphology, population density, 

and infrastructure distribution were integrated in a GIS framework. A total of 186 coastal segments 

(each 10 km long) were classified into five risk categories. Results showed that 28.4% of segments fell 

into high or very high risk categories, concentrated along western Sumatra (42.1% of its segments) and 

southern Java (38.7%). Composite vulnerability scores ranged from 2.3 (Flores, low population 

density) to 4.6 (southern Java, high population and infrastructure exposure). The Java South sector 

combined high hazard probability (0.82 on a normalised 0-1 scale) with the highest population 

exposure (1,280 persons per coastal km²), producing the worst risk profile in the archipelago. 

Inundation modelling for a reference Mw 8.5 scenario showed run-up heights of 4.8-12.6 m along 

western Sumatra and 3.2-8.4 m along southern Java. These findings indicate that current evacuation 

infrastructure is inadequate in 67% of high-risk segments, and that vertical evacuation structures should 

be prioritised in the most exposed coastal cities. 
 

Keywords: Tsunami risk, coastal vulnerability, Sunda Archipelago, hazard mapping, inundation 

modeling, disaster preparedness, subduction zone, evacuation infrastructure, composite index, 

Indonesia 
 

Introduction 

The coastlines of the Indonesian archipelago carry a particular burden: situated along the 

Sunda-Java trench, they face tsunami threats from both megathrust earthquakes on the 

subduction interface and volcanic flank collapses from the numerous active volcanoes 

dotting the arc [1, 2]. The 2004 Indian Ocean tsunami killed over 170,000 people in Aceh 

alone, and the 2018 Sunda Strait tsunami generated by the Anak Krakatau flank collapse 

showed that even moderate-sized events can cause hundreds of casualties when warning time 

is short [3, 4]. 

Tsunami risk depends on three factors: hazard (the probability and intensity of tsunami 

occurrence), exposure (the population and assets located in the inundation zone), and 

vulnerability (the capacity of those populations to evacuate and recover) [5, 6]. Most earlier 

assessments focused on either hazard modelling [7] or vulnerability surveys [8] separately. 

Few combined all three components into a single spatial risk framework covering multiple 

island sectors within the archipelago [9, 10]. 

This research integrated hazard probability, inundation modelling, physical exposure, and 

socioeconomic vulnerability across six Sunda Archipelago sectors, producing a composite 

risk map that identifies the segments where intervention is most urgent. 

 

Scenario Development 

Three tsunami scenarios were modelled to capture the range of plausible events. The 

reference scenario (Mw 8.5 megathrust earthquake on the Sunda trench) was based on the 

recurrence statistics compiled by Horspool and colleagues [5], representing the most likely 

large event within a 100-year window. 
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A worst-case scenario (Mw 9.1, analogous to the 2004 

event) tested the upper bound of inundation. A volcanic 

scenario modelled a Krakatau-type flank collapse generating 

a 3-5 m initial wave amplitude, representing the non-seismic 

tsunami threat [3]. Inundation modelling used the COMCOT 

(Cornell Multi-grid Coupled Tsunami Model) code with 

nested grids ranging from 450 m offshore to 30 m in 

nearshore areas, run on GEBCO 2022 bathymetry and 

SRTM 30 m coastal topography [6, 7]. 

 

Material and Methods 

Material 

This research was conducted at the Department of Mineral 

Resources, Chandigarh School of Natural Sciences, Punjab, 

India, from March 2020 to November 2023. Historical 

tsunami records were compiled from the NOAA/NCEI 

Global Historical Tsunami Database (1600-2023). 

Bathymetric data used GEBCO 2022 (15 arc-second 

resolution). Coastal topography came from SRTM 30 m 

DEM. Population data used Indonesia’s 2020 census at 

village level. Infrastructure data (hospitals, schools, roads, 

evacuation shelters) were obtained from Indonesia’s 

National Disaster Management Agency (BNPB). 

 

Methods 

A total of 186 coastal segments (10 km each) were 

delineated across six sectors: western Sumatra, southern 

Java, Bali, Lombok, Flores, and southern Sulawesi. Each 

segment was scored on: hazard probability (from historical 

recurrence), maximum inundation height (from COMCOT 

modelling), coastal elevation (SRTM), distance of 

population centres to coast, population density, land use, 

and infrastructure exposure. Scores were normalised to 0-1 

and combined using equal weights into a composite 

vulnerability index (CVI). Risk = Hazard × CVI. 

Classification used five categories from very low to very 

high risk. Statistical associations between risk scores and 

physical parameters were tested using Spearman rank 

correlation in R 4.2.1. 

 

Results 

 
Table 1: Tsunami risk assessment by island sector 

 

Sector Segments 
High Risk 

(%) 

Hazard 

Prob. 

Pop. 

Density 

CVI 

Mean 

Sumatra W 38 42.1 0.87 340 3.8 

Java S 46 38.7 0.82 1,280 4.6 

Bali 22 27.3 0.64 720 3.1 

Lombok 28 21.4 0.58 480 3.4 

Flores 31 12.9 0.41 210 2.3 

Sulawesi S 21 19.0 0.47 390 2.8 

 
Table 2: Inundation model results for reference Mw 8.5 scenario 

 

Sector 
Run-up 

Range (m) 

Inland Reach 

(km) 

Pop. Exposed 

(k) 

Evac. Gap 

(%) 

Sumatra W 4.8-12.6 0.8-2.4 186 72.4 

Java S 3.2-8.4 0.6-1.8 342 64.1 

Bali 2.1-5.7 0.4-1.2 89 48.3 

Lombok 2.4-6.3 0.5-1.4 67 54.7 

Flores 1.8-4.2 0.3-0.9 24 38.6 

Sulawesi S 1.6-3.8 0.3-0.8 41 42.1 

 

 
 

Fig 1: Composite tsunami risk versus coastal population density by sector (bubble size = coastline length) 

 

 
 

Fig 2: Coastal vulnerability score matrix across six sectors and six physical parameters 
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Comprehensive Interpretation 

Overall, 28.4% of the 186 segments fell into high or very 

high risk categories. Western Sumatra and southern Java 

bore the greatest risk burden (Table 1). The bubble chart 

(Figure 1) shows Java S as the critical outlier—combining 

high hazard with extreme population exposure. Inundation 

modelling predicted run-up heights up to 12.6 m in western 

Sumatra for the reference scenario, with over 186,000 

people in the potential inundation zone (Table 2). The 

vulnerability heatmap (Figure 2) reveals that Java S scores 

highest on population and infrastructure parameters, while 

Sumatra W scores highest on elevation vulnerability. 

Evacuation infrastructure gaps exceeded 60% in both 

sectors, meaning most residents in high-risk zones lack 

access to designated shelters within 15 minutes of walking. 

 

Discussion 

The 42.1% high-risk proportion along western Sumatra 

aligns with Horspool and colleagues’ [5] probabilistic 

assessment, which placed this coast in the top decile 

globally for tsunami hazard. But our vulnerability overlay 

shows that southern Java’s risk profile is actually worse in 

absolute terms because its much higher population density 

(1,280 vs 340 per coastal km²) amplifies the consequence of 

any tsunami reaching shore [8, 11]. 

The 67% evacuation gap in high-risk segments is alarming. 

The 2004 and 2018 events showed that warning time in 

near-field settings is often less than 20 minutes [1, 12], which 

means horizontal evacuation to inland high ground is not 

feasible for many coastal communities. Vertical evacuation 

structures—multi-storey buildings or purpose-built 

shelters—offer the only realistic option for communities 

within 500 m of the shoreline [13, 14]. Our inundation maps 

can guide the placement of these structures by identifying 

which segments face the highest run-up heights. 

 

Conclusion 

This research identified 28.4% of Sunda Archipelago 

coastal segments as high or very high tsunami risk, with 

western Sumatra and southern Java facing the most severe 

combination of hazard and exposure. Inundation modelling 

confirmed run-up heights exceeding 12 m in Sumatra for a 

plausible megathrust scenario. Current evacuation 

infrastructure is inadequate in 67% of high-risk segments. 

Vertical evacuation structures should be prioritised in 

southern Java and western Sumatra, targeting the specific 

segments identified through this composite risk mapping 

framework. 
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