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Summary 
 
Discovery of tsunami deposits in many sites along 
coastlines facing the Java Trench indicate the trench is 
capable of generating mega-thrust earthquakes. The 
recurrence interval of these events is around 500 years.  
The last event was 500 years ago.  Since this time around 
28 meters of potential slip has accumulated along the Java 
Trench.  Also during this time, the coastal areas of Java, 
Bali and Lombok have experienced a 20-fold increase in 
population.  
 
Mitigation efforts to reduce the disaster potential of this 
event next time it happens include effective communication 
of the risk through simple presentations and questionnaire 
surveys, and implementation of risk reduction strategies.  
 
Introduction 
 
The convergent plate boundaries surrounding Indonesia 
display a pattern of recurrent earthquakes, tsunamis and 
volcanic eruptions that alternate from intense activity to 
relative quiescence on a 30-40 year cycle.  A new cycle of 
intense activity initiated in 2004 and has intensified over 
the past few years.  For example, just in the past two years 
(2017-18) there have been 15 fatal seismic events and two 
fatal tsunamis in the eastern Indonesia region accounting 
for >5500 deaths.  
 
Historical records reveal recurrent very large earthquake 
events in most of Indonesia.  One exception is the Java 
Trench area, where the majority of Indonesians live.  
Debate about whether the Java Trench is capable of 
producing a giant, mega-thrust event is unsettled.  The 
focus of our investigation was to determine the following: 
1) is there any geological evidence for mega-thrust 
earthquakes on the Java Trench?, 2) if so, are those in 
harm’s way aware of the seismic and tsunami hazards the 
face?, and 3) what mitigation strategies can be 
implemented to reduce the risk? 
 
Methods 
 
Our investigation of (1) involved a systematic trenching 
and surveying study at 61 different sites in Java, Bali, 
Lombok, Sumba and Timor to determine if tsunami 
deposits exist and if so, the lateral extent of the deposits 
(Fig. 1).  These deposits and coastal landforms provide a 

way to reconstruct the long-term seismic history of the Java 
Trench, and the likely source and magnitude of the  
 

Fig. 1:  Stratigraphic columns of trenching and augering results 
along coastlines facing the Java Trench. 
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earthquake and tsunami scenarios along the Java Trench 
(Fig. 2). 
 
Our investigation of (2) and (3) involved conducing 
questionnaire surveys of local residents to determine the 
level of awareness of seismic and tsunami hazards, and 
conducted tsunami evacuation drills. 
 
Results 
 
1) Seismic and Tsunami Risk 
 
We discovered several candidate tsunami deposits along 
coastlines facing the Java Trench. These deposits consist of 
marine sand layers in non-marine, low-energy 
environments; imbricated boulders and ridge and swale 
topography.  We also documented co-seismic uplift of coral  
terraces. Two laterally continuous candidate tsunami 
deposits are exposed in coastal regions for 1500 km along  
the strike of the Java Trench (Fig. 1) suggesting at least two 
mega-thrust events.  Preliminary OSL and radiocarbon ages 
 

 
Fig. 2. Tsunami models of inundation of coastal cities in 
Java, Bali,Lombok and Sumba. Likely wave heights and 
numbers of inhabitants who live in inundation zones are 
shown. 
 
of these deposits yield ages of 500, 1000 and 1700 years 
bp.  More age analyses are needed, but these results suggest 
a pattern of mega-thrust earthquakes and associated 
tsunamis around every 500 years. The last mega-thrust 
event was 500 years ago and left deposits in many coastal 
areas that are now densely populated.  The age of this event  
is consistent with lack of any mention of an earthquake this 
size or tsunami in historical records. We now know the 
reason nothing is recorded is because the Java Trench is in 
a phase of slip accumulation. Around 1.5 million persons 
currently inhabit coastal areas that could be inundated by 
the next Java Trench tsunami (Fig. 2).  An even higher risk 

exists for ground motion from a mega-thrust earthquake on 
the Java Trench. Intense shaking from the event would 
affect at least 150 million people who inhabit the islands of 
Java, Bali and Lombok.  
 
2) Risk Reduction Strategies 
 
High casualties during the 2004 Sumatra earthquake and 
tsunami were mostly due to lack of awareness and 
preparedness, which is an issue of risk communication and 
implementation of risk reduction strategies. For example, 
the difference in casualties between the 2004 Indian Ocean 
tsunami and the 2011 Japan tsunami were 10:1, 
respectively. This difference is a function of Japan closing 
the gap between the technical and social aspects of tsunami 
disaster mitigation.   
 
We conducted disaster mitigation outreach in each of the 
61 sites throughout the eastern Sunda Arc we investigated, 
which included 75 presentations. During the outreach 
process we interviewed and surveyed 1100 people, 
comprising a broad spectrum of ages and social classes, in 
order to assess pre- and post-presentation tsunami 
knowledge and response. The surveys indicate that most of 
those at risk are unaware of the dangers they face or how to 
respond. Surveys showed that simple presentations 
increased understanding significantly, but some 
misconceptions still persisted, such as lack of efficacy in 
using natural warning signs versus waiting for a 
government warning. The most effective outreach approach 
we created is the simple 20-20-20 principle (Fig. 3). These 
principles connect the length of time of shaking from an 
earthquake (> 20 seconds) with the potential to generate a 
tsunami, which provides a natural warning for those in 
harm’s way. Knowing that tsunami waves may arrive 
within 20 minutes after the shaking starts helps residents 
make no delays in evacuating to safety, which is 20 meters 
elevation. meters elevation, Fig. 2) 
 

 
 
Fig. 3: The natural warning is > 20 seconds of ground 
shaking, even if it is not intense, 20 minuets to evacuate to 
20 meters above sea level.  
 
Conclusions 
 
Evidence exists for pre-historical mega-thrust earthquake 
along the Java Trench, which threatens of lives of millions 
of people. However, assessing risk is only part of the 
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process of saving lives (Fig. 4).  Without communicating 
risks of natural hazards effectively, and implementing 
disaster mitigation strategies, the gap between the science 
of the risk and risk reduction continues to widen. 
 

 
Fig. 4. Flow diagram for connecting the physical and social 
sciences for effective tsunami disaster mitigation.  
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