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2010 MENTAWAI TSUNAMI 

By Sadalmelik - Own work, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=2666176 

• October 25, 2010, 14:00 UTC 

 

• 7.7 Moment magnitude (~7.0 

Richter Scale 

 

• Part of same fault system as 

2004 event 

 

• 408 killed, 303 missing 

 



2010 MENTAWAI TSUNAMI 

• Post-tsunami survey on Mentawai 
Islands 

• Evidence of higher inundation 
behind islands than 
elsewhere 

• Local folklore: islands and reefs 
provide sheltering from tsunamis 

• Villages often located directly 
behind islands 

• Prior work focused on inundation 
on lee side of island, not on beach 
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measure runup
1
 with high accuracy and to differentiate it from overland flow depths were 

just being developed in 1992, this event nonetheless focused attention on the impact of 

tsunamis on the lee side of islands. Laboratory experiments funded by NSF and conducted 

by Briggs et al. (1995), as well as numerical computations by Liu et al. (1995)  and 

analytical models by Kanoglu and Synolakis (1998), they all  showed that long waves can 

amplify wave runup on the lee side of   conical islands, compared to the side of the island 

fronting the wave. This is shown in figure 1.
2
 

 

Following the 25 October 2010 tsunami, interesting observations  by Hill et al. (2012) have 

shown enhanced tsunami runup in coastal areas in the Mentawai islands off Sumatra, in 

locales behind small islands, see figure 2, below. In fact, Satake et al. (2013) recorded one 

of the highest flow depths in their survey,  immediately behind Pulau Sibigau. The western 

part of Sumatra was largely shielded by the Mentawais and there was negligible runup in 

Padang, long believed to be at high risk from a future megathrust event, and in fact it is as 

shown by Borrero et al. (2006). During the resulting field survey for the 2010 event, one of 

the PIs who surveyed this tsunami was amazed at how strong the belief was among local 

residents that the small offshore islands in front of their villages offered protection.  

 

         
Figure 2: Simulation of the maximum wave height of the 10/25/2010 Mentawais tsunami. Significant runup 

was modeled and observed on coastal areas behind small offshore islands. (Courtesy of Jose Borrero.) 

 

Folklore about natural hazards abounds among coastal residents worldwide, more based on 

myth than on science or hard facts.  In surveys following the 2009 Samoan tsunami and the 

2011 Japan tsunami in Guam, many eyewitnesses commented that  fringing reefs had 

protected them and proudly showed them off to the scientists surveying the impact. In fact,  

                                                
1
 The most used quantitative indicator for tsunami impact is the runup (also run-up), 

defined as the elevation of the maximum wave uprush on dry land above still water level.  

 
2
 While earlier studies by Homma (1950), Longuet-Higgins (1967) Vastano and Reid 

(1967), Lautenbacher (1970), and Smith (1975)  had provided insight on the behavior of 

long waves around conical islands, they had not addressed runup directly, having focused 

instead on wave trapping or scattering from the front of the island. 

 

Long wave model result, courtesy of 

Dr. Jose Borrero 



2010 MENTAWAI TSUNAMI 

Titov and Synolakis (1995): Briggs et al. (1995 

Prior work: more focus on lee side of island 



STEFANAKIS ET AL. (2014) 

• Determined maximum runup possible 
on shoreline behind conical island over 
range of tsunami conditions 

• Used “emulators” in machine learning 
approach 

• Determined that runup was generally 
amplified on shoreline behind islands 
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islands amplified the run-up in the shadow zone behind them compared to adjacent 

unshadowed locales, and in the remaining cases the islands made no difference. Therefore, 

the islands, never provided any additional protection.   

 
 
Figure 4. Snapshots of the evolution of the free surface elevation measured in meters as the wave 
passes the island and runs up the beach behind it. The island focuses the amplified wave as  it 

propagates towards the beach. The color bar on the right is in logarithmic scale,  for visualization. 

Here, the max run-up amplification behind the island is 1.59. After Stefanakis et al. (2014).  

 

Figure 4 shows one example of the tsunami evolution around the island. Figure 5 presents 

the computed results for the runup amplification RA in terms of the ratio of a measure of 

the wavelength of the tsunami to the island radius, grouped by color by the so called 

Irribaren number.  
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Figure 5.  Run-up amplification (RA) as a function of the wavelength to the island radius (at its 

base) ratio. J = tan θb-/√H0/h0   Different colors indicate values of  the surf similarity parameter 

(a.k.a. Iribarren number)  computed with the beach slope and multiplied with the wave nonlinearity 
(wave height to water depth ratio). After Stefanakis et al. (2014).   

 

It thus appears that, contrary to popular belief and intuition, small islands can act as 

tsunami lenses focusing energy behind them. Clearly, the entire phenomenology of tsunami 

amplification is even richer than envisioned by Berry (2006) and  Kanoglu et al. (2013) .  

 

4. The proposed laboratory study 
 

4.1 Framework While the results from the active learning experiments of Stefanakis et al. 

(2014) are compelling, and they generated substantial media attention, being described 

even in Science(http://news.sciencemag.org/environment/2014/11/small-islands-offer-no-

protection-against-tsunamis), they do have limitations that need to be confirmed with 

laboratory experiments. For one, all of the waves  in the earlier study were nonbreaking and 

solitary-wave like.   

 

While it can be argued that most tsunamis are nonbreaking, eyewitnesses have reported 

some tsunamis as advancing breaking waves. Whether the breaking is due to shorter waves 

riding the main carrier tsunami wave or not is a discussion beyond the scope of this 

proposal.  Simulation of wave breaking is important in near shore environments.  Breaking 

dissipates  energy through the generation of turbulence, including air entrainment. While 

NLSW models are generally believed to model the wave evolution through breaking well 

(even without reproducing any of the actual details of the water surface), Boussinesq-type 

(BT) equations are generally unable to do so,  and modifications are needed to produce 

reasonable results, whenever breaking is likely to occur. 

 

A wave breaking model for the BT equations requires two mechanisms to simulate the 

breaking process numerically. Following Kazolea et al. (2014),  the first one is a "trigger 
mechanism" related to the initiation and, possibly the termination, of the breaking process. 

The second is an energy dissipation mechanism. Existing wave breaking trigger models can 

be classified as   phase-averaged and phase-resolving. Phase averaged trigger models rely 

Stefanakis et al. (2014) Proc. 

Royal Soc. A, v. 470. 



QUESTIONS 

• Can the presence of offshore islands actually increase 

inundation on shoreline behind them? 

• What is the dependence of inundation on island 

distance and configuration? 
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it is doubtful that reefs offer substantial protection, and, to this date, the conditions under 

which they do so are not well understood. On the contrary,  reef openings often funnel long 

wave energy and increase impact on the shoreline across the  opening, which is usually 

where villages are located for easier through navigation of fishermen. 

 

Questions to be answered. Are indeed small offshore islands amplifiers of wave energy  

in coastal areas they shadow, which is often where coastal communities thrive, as the active 

learning experiments of Stefanakis et al. (2014) suggest?  Is this equally true, if waves 

break and wave fronts interact? Can numerical codes which purport to model breaking, 

reliably do so in this geometry?  Is this also true for groups of islands ? What happens 

when there is an isthmus separating two islands ? What is the risk perception of mainland 

residents shadowed by offshore islands ?  

 

3. The existing studies - statement of the problem.   
 

Stefanakis et al (2014) investigated whether what was observed in the Mentawais in 2010   

is more general and not the one-of-a-kind occurrence that sometimes confounds 

geoscientists.  They used the nonlinear shallow-water wave (NLSW) solver VOLNA 

(Dutykh et al. 2011)  and an idealized topography consisting of a conical island,  in a 

constant depth region, in front of a uniformly sloping beach, as in figure 3.  The incoming 

solitary-like wave had the same crest length as the beach, and without the islands it was 

first confirmed that the runup did not vary in the alongshore direction.  They then 

calculated runup amplification, i.e., the ratio of the runup on the plane beach in the shadow 

zone of the island to that at a neighboring location, not shadowed by the island.   

 

Their objective was to find the maximum runup amplification with the least number of 

simulations. In their active learning experiment, they varied the    island slope, the beach 

slope, the water depth, the distance between the island and the plane beach and the 

incoming wavelength, over a wide range of realistic values.  Had they used a 

straightforward approach   with each variable taking, for example,  one of ten values 

sequentially, and had they varied each while holding the others constant, they would have 

needed 100,000 simulations, possible in principle,  but prohibitively computationally 

expensive at the fine resolution of 2 m used for the runup computations.   

 

                         
 
Figure  3: Schematic of the geometry of the experimental setup from Stefanakis et al (2014). The parameter 

tanθ_i varied from 0.05-0.2,tan θ_b from 0.05-0.2, d from 0-5km, h from 100m-1km and the effective 

“ frequency”   of the incoming solitary-like wave from 0.01-0.1rad/s.  



OREGON STATE DIRECTIONAL WAVE BASIN 

• 48.8 m long 

• 26.5 m wide 

• 2.1 m deep 

• 1/10 steel beach 



ISLANDS 
Year 1 OSU Tsunami Shadow Zone 

Island Design and Postions 

The first phase of the experiments were conducted in July to August of 2016. The experiment consisted 

of running sets of solitary style waves at a Conical or Truncated Conical Island, to analyze the effects in 

the run-up zone behind the islands. Four moveable islands were used, a larger (4m diameter) island and 

a smaller (3.2m diameter) island. This was done to accommodate the two water depths used (0.5 and 

0.3 m) and keep the same scaled dimensions at both depths. 

 

Three different positions is used for each Island to the shoreline: for the experiment called 1D, 2D, and 

3D. The 1D position has the rear toe of the island budded up against toe of the slope for the shoreline. 

The following 2D and 3D positions are stepped out from this first position. This can be seen in the 

following figure of the basin, with all three positions shown.  

 

• Fabricated from sheet metal 

• Full conical shape (e.g. Stefanakis et al. (2014) and truncated at 

waterline (reef-like structure) 

• Two water depths: 0.5m and 0.3m 

• Islands to be 2m diameter at waterline 

• Positioned zero, one, and two diameters from toe of slope 



INSTRUMENTS 

Resistance gages 

mounted on mobile 

bridge 

Wave and Current 

Measurements 

Acoustic Doppler 

velocimeters on 

bottom mounted 

stands  

ADV in lee of island 

(highest velocities 

expected) 



INSTRUMENTS 

Runup and Flow Depth Measurements 

Ultrasonic gages for flow depth 

Runup wires for runup 

measurements 

Video measurements of runup also collected 



WAVE CONDITIONS 

 

• Island-radius to wavelength 

ratios from 1.5 to 6 

• Full stroke “error function” 

waves to create dam break 

• Solitary waves: allow for 

scaling between island 

geometry and wave 

characteristics 

• Dam break waves: maximize 

runup 



SOLITARY WAVE 



“FULL STROKE” WAVE 



MAXIMUM RUNUP: SOLITARY WAVE H=0.25M 

DEPTH=0.5M 

 Conical Island        Truncated Island 



MAXIMUM RUNUP: SOLITARY WAVE H=0.14M 

DEPTH=0.5M 

Conical Island        Truncated Island 



MAXIMUM RUNUP: SOLITARY WAVE H=0.09M 

DEPTH=0.5M 

Conical Island        Truncated Island 



MAXIMUM RUNUP: SOLITARY WAVE H=0.06M 

DEPTH=0.5M 

Conical Island        Truncated Island 



MAXIMUM RUNUP: 12 SEC FULL STROKE WAVE 

DEPTH=0.5M 

Conical Island        Truncated Island 



MAXIMUM RUNUP: 10 SEC FULL STROKE WAVE 

DEPTH=0.5M 

Conical Island        Truncated Island 



MAXIMUM RUNUP: 8 SEC FULL STROKE WAVE 

DEPTH=0.5M 

Conical Island        Truncated Island 



MAXIMUM RUNUP: 5 SEC FULL STROKE WAVE 

DEPTH=0.5M 

Conical Island        Truncated Island 



VERY PRELIMINARY CONCLUSIONS  

• Experiments on tsunami propagation past offshore islands were 

run to investigate effect on runup 

• Both solitary waves and full stroke “dam break” waves were 

used 

• Both full conical and truncated islands were used 

• Islands were placed at variable distances from toe of beach 



VERY PRELIMINARY CONCLUSIONS 

• Solitary waves 

• Nearest island position: highest runup with highest wave 

• Less island position dependence for lower waves 

• Trends similar between full and truncated islands 

• Dam break waves 

• Slow paddle speed gives higher runup for nearest island position 

• Fast paddle speed gives higher runup for furthest island position 

• Little runup differences among truncated island positions, except 

for fastest paddle speed. 



THANKS! 


