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This study examines a relationship between earthquake size and maximum tsunami amplitude using 

large earthquakes of 𝑀w > 7.5 that led to trans-Pacific and Indonesian tsunamis. The data were sampled 

from tide gauges or DART surface buoys for seven Pacific tsunamis (the 2006 Kuril, Russia, 2009 New 

Zealand, 2011 Tohoku-oki, Japan, 2013 Solomon Island, 2010 Maule, 2014 Iquique, and 2015 Illapel) and 

six Indonesian tsunamis (the 2004 Indian Ocean, 2006 Pangandaran, 2007 Bengkulu, 2010 Mentawai, 

2010 Simeulue, and 2012 Northern Sumatera). We found that the size better scales with 𝑀w instead of 

other measures when relating to the mean maximum amplitude 𝜂. The main finding for the trans-Pacific 

cases was that the 𝑀w scale is a logarithmic function of the mean amplitude, 𝑀w = 0.77 log 𝜂 + 8.84, 

consistent with previous work. For the Indonesian events, it was found that 𝑀w = 1.92 log 𝜂 + 10.36, 

reflecting different tsunami dynamics in the Pacific and Indian Oceans. The apparent difference is thus 

attributable to differences in both the topographical complexity and tsunami directivity in the two oceans. 

This is vital as the results provide insight into the nature of tsunami propagation approaching shorelines 

hence useful for improved tsunami early warning.  
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I. INTRODUCTION 

 
It has been long recorded that destructive tsunami waves 

strike most regions around the globe, particularly in countries 

along the perimeter of the Pacific Ocean (Goff et. al., 2011; 

Rabinovich et. al., 2013; Rabinovich et. al., 2014; Zaytsev et. 

al., 2016; Heidarzadeh et. al., 2018; Goff et al., 2020). Other 

countries positioned in the Indian Ocean (Satake et. al., 2007; 

Rabinovich et. al., 2011; Suppasri et. al., 2015; Rubin et al., 

2017), including Indonesia are also much affected by the 

catastrophe. The waves are generated by varying sources, for 

example, volcanic activities (Giachetti et. al., 2012; Day, 2015; 

Heidarzadeh et al., 2020a), submarine landslides (Carvajal et. 

al., 2019; Mikami et. al., 2019; Nakata et. al., 2020; Tappin, 

2021) or earthquakes of tectonic origin (Satake et. al., 2012; 

Satake, 2014; Fisher & Harris, 2016; Sozdinler et. al., 2019; 

Pranantyo et al., 2021). A recent seismic study (Widiyantoro 

et al., 2020) has revealed convincing evidence of seismic gaps, 

which potentially trigger megathrust subduction earthquakes 

and possibly generate devastating tsunamis, hitting most 

areas in the southern coastal lines of Java Island, Indonesia.   

However, none of the above previous studies has examined 

a relationship between earthquake magnitude and maximum 

tsunami amplitude, or here measured as the corresponding 

mean maximum amplitude. Previous work (Hanks & 

Kanamori, 1979; Kanamori, 1983; Delouis et. al., 2009; 

Satriano et. al., 2011; Okal, 2019) ended up with only 

earthquake size determination. On the other hand, recent 

investigations into the nature of propagating tsunami waves 

associated with travel time delay (e.g. Prastowo et al., 2018) 

and tsunami energy decay (e.g. Prastowo & Cholifah, 2019) 

have considered tsunami parameters but with no earthquake 

source parameters calculated in the investigations. Hence, 

this study is of significance as earthquakes and tsunamis are 
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correlated to each other through two dynamic parameters 

associated with each phenomenon. 

Concern about direct measurements of a magnitude scale 

dates back to the work of Bäth (1981), where magnitude was 

thought to provide direct valuable information on the seismic 

energy release hence seismic moment recorded. Since then, 

research focusing on the relationship between the seismic 

moment and various scales of earthquake magnitude has 

developed. A mathematical relation between earthquake 

moment magnitude 𝑀w  and seismic moment 𝑀o  is a well-

known equivalence 𝑀w ∞ log 𝑀o (Hanks & Kanamori, 1979; 

Kanamori, 1983). With the scaling law for the source size and 

in relation to the sea surface elevation when a tsunami is 

generated in the ocean by an earthquake, (Okal et al., 2014) 

found a linear relationship between the observed surface 

elevation 𝜂 and 𝑀o for large trans-oceanic tsunamis.  

Taking the essential results of previous work (Hanks & 

Kanamori, 1979; Kanamori, 1983; Okal et al., 2014) and using 

far-field tsunami data, (Heidarzadeh et al., 2018) reported 

that 𝑀w was a logarithmic function of 𝜂. It follows that it is 

possible to predict tsunami height or termed here as tsunami 

amplitude during its propagation from a given source size. 

Thus, this study is aimed at parameterising mean maximum 

amplitude 𝜂 with the 𝑀w scale for most distant observations 

of the trans-Pacific events except for Indonesian tsunamis, 

where the data from far-field monitoring are available with 

only a limited number. Despite the different data availability, 

this study is of fundamental interest in the sense that tracking 

tsunami stages of its development in the open ocean from 

remote areas on land is particularly important for enhanced 

tsunami early warning. 

 

II. METHODS 

 
The secondary data used in this study were acquired from 

field measurements of sea surface elevation recorded by 

Deep-ocean Assessment Reports of Tsunamis (DART) 

surface buoys and pressure gauges, routinely monitoring 

instruments for tsunami passage operated by the National 

Oceanic and Atmospheric Administration (NOAA), the US 

government (http://ngdc.noaa.gov). 

The data have incorporated the moment magnitudes 𝑀w of 

large earthquakes, the observed mean of maximum tsunami 

amplitudes 𝜂  of selected trans-Pacific tsunamis, and the 

associated epicentral distances d measured from the source 

point. The 𝜂 definition is similar to the far-field, deep-ocean 

tsunami amplitudes reported by Heidarzadeh et al. (2018).  

In the present study, the term ‘maximum amplitude’ refers to 

a vertical distance measured from sea surface as reference to 

the highest peak. Cases considered here are seven tsunamis 

across the Pacific Ocean (the 2006 Kuril, Russia, 2009 New 

Zealand, 2010 Maule, Chile, 2011 Tohoku, Japan, 2013 

Solomon, 2014 Iquique, Chile, and 2015 Illapel, Chile events) 

and six Indonesian tsunamis (the 2004 Indian Ocean – well 

known as the 2004 Aceh, 2006 Pangandaran, 2007 Bengkulu, 

2010 Simeulue Island, 2010 Mentawai, and 2012 Northern 

Sumatera events). All tsunami occurrences examined in the 

current study are generated by subduction earthquakes of 

𝑀w > 7.5. The 𝜂 used in this study were averaged over space 

and time of all the DARTs and gauges positions and obtained 

from mostly far-field stations located further than 3,200 km 

from the epicentre in the Pacific events, following Prastowo 

and Cholifah (2019). For Indonesian events, the 𝜂 data were 

obtained from near- and far-field tsunami observations. 

The followings are theories used in connecting the 𝑀w scale 

to the 𝜂 data. Firstly, a simple relation relating 𝑀w to 𝑀o was 

given by  

𝑀w = 0.667 × (log 𝑀o − 16.1)     (1)                                                                                                              

applied for both shallow and deep earthquakes (Hanks & 

Kanamori, 1979; Kanamori, 1983). In cases where monitoring 

stations located in the perimeter of 10o or approximately 

1,100 km away from the epicentre were used to collect 

tsunami waveforms, the corresponding data were classified 

into near-field tsunami observations. However, as previously 

stated, all the datasets in this study were collected from 

mostly distant tsunamis, independent of the source depth 

and mechanisms. 

Another simple equation that relates the seismic moment 

𝑀o  to the mean maximum amplitude 𝜂  of a tsunami was 

suggested by Okal et al. (2014) as follows, 

log 𝜂 = log 𝑀o − f (∆, Φ)   (2) 

where f (∆, Φ) is a function depending upon the relative 

distance ∆ from the epicentre and the azimuth position of a 

monitoring station from the epicentre Φ. Here, we are not 

primarily concerned with f despite its crucial role in the 𝜂 

measurements. Rather, we note that 𝜂 ∞ 𝑀o bringing an idea 
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into a derivation of a simple mathematical relation between 

𝑀w and 𝜂 (Heidarzadeh et al., 2018) as follows, 

𝑀w = 0.665 log 𝜂 + 8.245  (3) 

where 𝑀w is a logarithmic function of 𝜂. Thus, Equation (3) is 

here re-examined using empirical data of tsunami monitoring 

from lists of seven trans-Pacific tsunamis (see Table 1) and six 

Indonesian events (see Table 2).  

 

III. RESULTS AND DISCUSSIONS 

 

A. The Epicentre Distributions for Trans-Pacific and 
Indonesian Tsunamis 

 
Figures 1 and 2 exhibit the epicentre distributions for the 

trans-oceanic tsunamis (the Pacific and Indonesian events) 

considered in the present study. Note that the epicentres are 

given in different colours but having the same star symbol. 

The figures are made available using ArcGIS online basemaps 

(https://arcgis.com/home/group.html). All cases depicted 

are considered recent tsunamis that occurred within the last 

twenty years. Four of the seven trans-Pacific included here 

(three Chilean and Japanese events) were those reported 

earlier by Heidarzadeh et al. (2018). All the Indonesian cases 

were located near the Sumatera and Java subduction zones, 

marking the presence of a converging zone of the subducting 

Indo-Australian plate beneath the Eurasian plate.  

 

  

Figure 1. A geographical map showing the distribution of seven trans-Pacific tsunami epicentres examined in this study 

 

 

Figure 2. A geographical map showing the distribution of six Indonesian tsunami epicentres examined in this study 

https://arcgis.com/home/group.html
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B. Trans-Pacific Tsunamis 

 
From the seven tsunamis across the Pacific, data acquisition 

and processing were carried out but not being provided in 

details here owing to a large number of numerical values 

involved. Therefore, with no substantial amounts of reduced 

information on tsunami occurrences under consideration we 

present the data in a short-listed table of data descriptions 

with limited only from five points of measurement for each 

case, as shown in Table 1. As the buoys used to monitor 

tsunami passage in the present study were surface buoys, 

information on the depth is neither important nor considered 

relevant to the parameterisation process, compared to other 

quantities listed in Table 1. All tsunamis are generated by 

tectonic earthquakes of 𝑀w > 7.5. 

Table 1. List of far-field observations from the trans-Pacific tsunami occurrences used in this study 

Name of Tsunami 

Location of the Buoys Epicentral 

Distance 𝒅 

(km) 

Maximum 

Amplitude 

(m) 

The Mean 

Amplitude 𝜼 

(m) 
Longitude Latitude 

2009 New Zealand 157.87o W 21.31o N   8,284 0.030 0.033 

(𝑀w 7.8) 155.06o W 19.73o N   8,253 0.040  

(166.58o E, 45.75o S) 155.83o W 20.04o N   8,248 0.030  

 159.36o W 21.95o N   8,285 0.025  

 117.17o W  32.71o N 11,614 0.038  

2013 Solomon 157.87o W 21.31o N   5,392 0.100 0.113 

(𝑀w 8.0) 155.83o W 20.04o N   6,378 0.140  

(165.14o E, 10.74o S) 120.76o W 35.18o N   9,298 0.150  

 121.89o W 36.61o N   9,252 0.095  

 177.36o W 28.21o N   4,727 0.080  

2014 Iquique   73.42o W 20.47o S      287 0.350 0.162 

(𝑀w 8.2) 168.39o W 23.11o S   9,905 0.175  

(70.82o W, 19.64o S) 124.18o W 41.75o N   8,763 0.142  

 145.58o W 43.28o N 10,339 0.130  

 148.69o E 38.71o N 15,696 0.014  

2015 Illapel 166.54o W 53.88o N 13,108 0.240 0.214 

(𝑀w 8.3) 174.17o W 52.23o N 13,558 0.170  

(71.65o W, 31.57o S) 160.50o W 55.34o N 12,789 0.200  

 122.98o W 37.99o N   9,397 0.210  

 124.18o W 41.75o N   9,975 0.250  

2006 Kuril 159.36o W 21.95o N   5,043 0.400 0.281 

(𝑀w 8.3) 157.87o W 21.31o N   5,203 0.190  

(153.27o E, 46.58o N) 162.33o W 55.06o N   3,201 0.180  

 122.98o W 37.99o N   6,634 0.310  

 155.83o W 20.04o N   5,453 0.325  

2010 Maule 139.00o W   9.80o S   7,234 1.790 0.954 

(𝑀w 8.8) 156.48o W 20.90o N 10,823 0.980  

(72.90o W, 36.12o S) 119.69o W 34.41o N   9,231 0.530  

 140.10o W   8.90o S   7,390 0.950  

 155.83o W 20.04o N 10,712 0.520  
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Name of Tsunami 

Location of the Buoys Epicentral 

Distance 𝒅 

(km) 

Maximum 

Amplitude 

(m) 

The Mean 

Amplitude 𝜼 

(m) 
Longitude Latitude 

2011 Tohoku-oki 155.10o W 19.70o N   6,306 1.410 1.504 

(𝑀w 9.0) 155.83o W 20.04o N   6,221 1.220  

(142.37o E, 38.30o N) 156.48o W 20.90o N   6,112 1.740  

 120.76o W 35.18o N   8,206 1.880  

 177.40o W 28.60o N   3,856 1.270  

Table 1 indicates a non-linear dependence of the mean 

maximum amplitudes measured as 𝜂  upon the moment 

magnitudes 𝑀w for all tsunamis across the Pacific in ordered 

magnitudes. The data reveal that the observed amplitudes do 

not vary with the epicentral distance, reflecting tsunami 

directivity likely to be a key role in determination of tsunami 

heights, as also suggested by Prastowo et al. (2018). Some 

authors have considered wave dispersion effects on tsunami 

propagation (Glimsdal et al., 2013), ocean irregular bottom 

topography and vertical stratification (Allgeyer & Cummins, 

2014), and the initial phase reversal of tsunami development 

(Watada et al., 2014). However, all of these factors are 

considered unimportant as they do not relate to the size of 

earthquake, with which the 𝜂 data are correlated. In order to 

obtain further confirmation on the relation between the 𝑀w 

scale for the trans-Pacific tsunamis examined here and the 

observed 𝜂 , we then provide in Figure 3 a plot of 𝑀w − 𝜂 

scaling for the data listed in Table 1. 

 

Figure 3. Plot of 𝜂 against 𝑀w for the trans-Pacific events using far-field observations 

 

It is clear from Figure 3 that the mean amplitudes 𝜂 for the 

distant tsunami observations extracted from each event vary 

with the moment magnitude records 𝑀w in such a way to be 

similar to that of previously found by Heidarzadeh et al. 

(2018). Within the context of far-field monitoring throughout 

the Pacific-wide basin, we then obtain a parametric equation 

from a spreadsheet, representing a linear correlation between 

the earthquake moment magnitude and the logarithmic scale 

of the mean maximum amplitude. The resulting equation is 

provided by 𝑀w  = 0.77 log 𝜂  + 8.84, with a high level of 

confidence denoted by the coefficient of correlation, 𝑅2  = 

0.99. This result for tsunamis across the Pacific is in good 

agreement with that written as Equation (3) of previous work 

(Heidarzadeh et al., 2018). Insignificant differences in the 

multiplying factor of log 𝜂  and the constant between the 

empirical equation derived from this study and Equation (3) 

of Heidarzadeh et al. (2018) are owing to differences in the 
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number of field data used for each event and in the number 

of tsunami cases considered. 

However, it is then surprising to find that the far-field 

maximum amplitude of a tsunami wave is independent of the 

distance of points of measurements, as for a particular case in 

some points further the observed amplitude is even larger 

than that recorded in places relatively close to the epicentre. 

This finding is actually contrary to the general descriptions of 

energy decay with distance based upon the measurements of 

sea surface elevation (Prastowo & Cholifah, 2019) although 

two tsunamis reported in their study are included. It should 

be noted here that the independence of the 𝜂 data for far-field 

observations on the distance may possibly be caused by, in 

some ways, the amount of energy lost to ocean dissipation 

varies with different directions of tsunami propagation. This 

is due to the complexity of ocean topography and bathymetry 

effects induced by vertical seafloor deformation (Glimsdal et. 

al., 2013; Allgeyer & Cummins, 2014). Once again, all the 

difficulties regarding these geophysical disturbances are 

beyond the focus of this study. Thus, we can say here for the 

trans-Pacific that the moment magnitude 𝑀w and 𝜂 data are 

correlated to each other for distant observations by means of 

the 𝑀w scale is a logarithmic function of the apparent mean 

maximum amplitude 𝜂. 

 

 
 

C. Indonesian Tsunamis 

 
To go further with all the above findings, we examine six 

Indonesian tsunami occurrences, where most of them were 

generated in the Sumatera subduction zone and only one was 

induced by tectonic event in the Java subduction zone. Here, 

we do not include recent Indonesian events, the 2018 Palu 

Bay and 2018 Sunda Strait tsunamis for different reasons. As 

widely known, the 2018 Palu Bay tsunami was triggered by a 

strike-slip earthquake of 𝑀w7.5 (e.g. Gusman et. al., 2019; 

Nagai et al., 2021) whereas the 2018 Sunda Strait tsunami 

was associated with a volcanic eruption a day before (e.g. Ren 

et. al., 2020; Heidarzadeh et al., 2020b). While there is no 

reliable data from field surveys of unexpected tsunami 

heights at offshores and onshores in the Palu Bay tsunami, 

there is no relevant moment magnitude scale reported in the 

Sunda Strait event. These difficulties are in line with the 

findings of the so-called hard lessons learned from the 2018 

Indonesian catastrophes (Titov, 2021). 

Similar to the trans-Pacific, all generating earthquakes are 

seismic events with the measured magnitudes of 𝑀w > 7.5. 

The same procedures as the previous ones for the trans-

Pacific hold also for the Indonesian tsunamis except for field 

data from tsunami wave monitoring, where both near-field 

( 𝑑 <  3,200 km) and far-field ( 𝑑 ≥  3,200 km) tsunami 

observations are included. Again, the depth information is 

not provided in Table 2 for the same reason as in Table 1. 

Table 2. List of near- and far-field observations from the Indonesian tsunamis used in this study 

Name of Tsunami 
Location of the Buoys 

Epicentral 

Distance 𝒅 

(km) 

Maximum 

Amplitude 

(m) 

The Mean 

Amplitude 𝜼 

(m) Longitude Latitude 

2006 Pangandaran 115.22o E 8.77o S    870 0.120 0.074 

(𝑀w 7.7) 122.22o E 18.00o S 1,883 0.020  

(107.32o E, 9.22o S)   95.33o E 5.83o S 1,376 0.060  

   73.17o E 6.77o N 4,186 0.110  

   96.89o E 12.12o S 1,186 0.060  

2010 Mentawai   58.87o E 20.68o N 5,243 0.040 0.054 

(𝑀w 7.8)   60.60o E 25.30o N 5,333 0.040  

(100.11o E, 3.48o S)   66.98o E 24.81o N 4,769 0.060  

   72.39o E 7.30o S 3,101 0.060  

   81.20o E 8.56o S 2,168 0.070  

2010 Simeulue 109.94o E 14.02o S 2,307 0.003 0.064 

(𝑀w 7.8)   88.55o E 8.86o N 1,194 0.007  
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Name of Tsunami 
Location of the Buoys 

Epicentral 

Distance 𝒅 

(km) 

Maximum 

Amplitude 

(m) 

The Mean 

Amplitude 𝜼 

(m) Longitude Latitude 

(97.13o E, 2.36o N)   97.82o E 0.55o N    216 0.170  

 100.37o E 0.90o S    512 0.070  

   98.50o E 0.53o S    356 0.070  

2007 Bengkulu   96.89o E 12.12o S    987 0.110 0.142 

(𝑀w 8.5)   73.53o E 4.19o S 3,090 0.120  

(101.37o E, 4.44o S)   73.17o E 6.77o N 3,373 0.130  

   98.77o E 1.73o N    745 0.160  

 103.25o E 0.25o S     511 0.190  

2012 Northern Sumatera   88.79o E 6.26o N     645 0.125 0.166 

(𝑀w 8.6)   88.55o E 8.86o N     882 0.070  

(93.06o E, 2.33o N)   95.33o E 5.83o S     943 0.400  

   73.17o E 6.77o N  2,261 0.150  

   96.89o E 12.12o S  1,663 0.085  

2004 Aceh   98.77o E 1.73o N     356 0.430 0.358 

(𝑀w 9.1)   96.89o E 12.12o S  1,719 0.330  

(95.98o E, 3.30o N) 115.74o E 31.83o S  4,434 0.350  

   54.00o E 17.00o S  5,136 0.330  

   25.63o E 33.95o S     870 0.120  

Again, Table 2 shows a likely non-linearity in the relation 

between the mean maximum amplitudes 𝜂 and the moment 

magnitudes 𝑀w  for the Indonesian tsunamis listed. The 

observed amplitudes clearly do not vary with the distance, 

prompting a role played by tsunami directivity and tsunami 

heights, as also suggested by Prastowo et al. (2018). There 

may be additional factors affecting tsunami heights in the 

open ocean, including wave dispersion effects (Glimsdal et 

al., 2013), bottom topography and vertical stratification 

(Allgeyer & Cummins, 2014), and the initial phase reversal of 

tsunami development (Watada et al., 2014). As with the 

previous cases, these factors are considered insignificant and 

hence ignorable. The relation between the 𝑀w  scale for the 

Indonesian events in this study and the mean amplitude 𝜂 is 

provided in Figure 4 in the form of a plot of 𝑀w − 𝜂 scaling 

for the data listed in Table 2. 

Figure 4 exhibits that the mean amplitudes 𝜂  for the 

Indonesian tsunamis vary with the moment magnitudes 𝑀w, 

similar to the trans-Pacific. Using a spreadsheet, we derive a 

parametric equation, representing the log-linear relation 

between the observed 𝑀w and 𝜂 data. The resulting equation 

is given by 𝑀w  = 1.92 log 𝜂  + 10.36, with a high level of 

confidence denoted by 𝑅2 = 0.95. The fact that the resulting 

equation for this case has the same log-linear correlation as 

that for the trans-Pacific indicates that the 𝑀w − 𝜂  scaling 

likely behaves self-consistent, independent of observational 

distance of monitoring and pathways of tsunami propagation. 

The apparent differences in the multiplying factor of log 𝜂 

and the constant between the equation derived for the trans-

Pacific and the Indonesian tsunamis are owing to differences 

in the topographic complexity and tsunami wave directivity 

in the two oceans. 
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Figure 4. Plot of 𝜂 against 𝑀w for the Indonesian events using near- and far-field observations 

 

As with the trans-Pacific events, we find no clear relations 

between tsunami travel distances away from the epicentre 

and the corresponding maximum amplitudes. Thus, all 

previous arguments applied for the trans-Pacific also hold for 

the Indonesian tsunamis, meaning that the amount of 

dissipated energy varies with tsunami pathways, i.e., different 

directions of tsunami propagation. In this context, we assume 

that the effects of irregular ocean bottom topography and 

island barriers induce tsunamis originating from noticeable 

source regions in the Pacific and Indian Oceans to undergo 

distinct rates of energy dissipation, the same argument as 

discussed in relevant previous work (Rabinovich et. al., 2011; 

Rabinovich et al., 2013). Again, these induced disturbances 

are beyond the focus of this study. Therefore, to this end we 

can conclude that for all the trans-Pacific and Indonesian 

tsunamis examined in the present study, the 𝑀w − 𝜂 scaling 

obeys the log-linear relation 𝑀w − log 𝜂, independent of fields 

of tsunami observation and consistent with previous findings 

of relevant research (Hanks & Kanamori, 1979; Kanamori, 

1983; Okal et. al., 2014; Heidarzadeh et al., 2018). 

 

IV. CONCLUSION 

 
The present work has successfully parameterised the mean 

maximum amplitudes acquired for most distant observations 

with the moment magnitudes. For the large earthquake-

induced tsunamis across the Pacific Ocean, initiated by 

strong ground shaking with 𝑀w > 7.5, the 𝑀w scale is proved 

to be a logarithmic function of the mean wave amplitude 𝜂 

measured with an additional factor related to fractional 

distances from the epicentre. It follows that the maximum 

amplitude 𝜂 depends only on the moment magnitude 𝑀w, in 

good agreement with previous work. From the data collected 

and the corresponding analysis, the empirical equation for 

the trans-Pacific is found to be 𝑀w  = 0.77 log 𝜂  + 8.84, 

consistent with previous work. For the Indonesian tsunamis 

with similar sizes, the equation is of 𝑀w = 1.92 log 𝜂 + 10.36. 

The apparent difference in the two empirical equations 

indicates that distinct tsunami propagation characteristics in 

the Pacific and Indian Oceans are present but the details of 

the different characteristics are beyond the scope of the 

present study.  

 

V. ACKNOWLEDGEMENT 

 
The authors would like to thank NOAA, the US government 

accessed at http://ngdc.noaa.gov from which the data used in 

this study were acquired. The present work has also benefited 

from https://keisan.casio.com/exec/system/1224587128 for 

all online calculations of the distance between two places on 

the spherical Earth’s surface. 

 

VI. AUTHORS’ STATEMENT 

 
The authors declare that no funds or other financial supports 

were received during the work. The authors also declare that 

there is no conflict of interest regarding this work.

http://ngdc.noaa.gov/
https://keisan.casio.com/exec/system/1224587128


ASM Science Journal, Volume 17, 2022  
 

9 

VII. REFERENCES 
 
 

 

 

 
Allgeyer, S & Cummins, P 2014, ‘Numerical tsunami 

simulation including elastic loading and seawater density 

stratification’, Geophysical Research Letters, vol. 41, pp. 

2368-2375.  doi: 10.1002/2014gl059348. 

Bäth, M 1981, ‘Earthquake magnitude — recent research and 

current trends’, Earth-Science Reviews, vol. 17, no. 4, pp. 

315-398. doi: 10.1016/0012-8252(81)90014-3. 

Carvajal, M, Araya-Cortejo, C, Sépulveda, I, Melnick, D & 

Haase, JS 2019, ‘Nearly instantaneous tsunamis following 

the Mw 7.5 2018 Palu earthquake’, Geophysical Research 

Letters, vol. 46, pp. 1-33. doi: 10.1029/2019GL082578. 

Day, SJ 2015, The Encyclopedia of Volcanoes: Chapter 58 – 

Volcanic Tsunamis, 2-edn, Academic Press. doi: 

10.1016/B978-0-12-385938-9.00058-4. 

Delouis, B, Charlety, J & Vallée, M 2009, ‘A method for rapid 

determination of moment magnitude Mw for moderate to 

large earthquakes from the near-field spectra of strong-

motion records (MWSYNTH)’, Bulletin of the Seismological 

Society of America, vol. 99, no. 3, pp. 1827-1840. doi: 

10.1785/0120080234. 

Fisher, TL & Harris, RA 2016, ‘Reconstruction of 1852 Banda 

Arc megathrust earthquake and tsunami’, Natural Hazards, 

vol. 83, pp. 667-689. doi: 10.1007/s11069-016-2345-6. 

Giachetti, T, Paris, R, Kelfoun, K & Ontowirjo, B 2012, 

‘Tsunami hazard related to a flank collapse of Anak 

Krakatau Volcano, Sunda Strait, Indonesia’, Geological 

Society London Special Publications, vol. 361, pp. 79-90. 

doi: 10.1144/SP361.7. 

Glimsdal, S, Pedersen, GK, Harbitz, CB & Løvholt, F 2013, 

‘Dispersion of tsunamis: does it really matter?’, Natural 

Hazards and Earth System Sciences, vol. 13, pp. 1507-1526. 

doi: 10.5194/nhess-13-1507-2013. 

Goff, J, Chagué-Goff, C, Dominey-Howes, D, McAdoo, B, 

Cronin, S, Bonté-Grapetin, M, Nichol, S, Horrocks, M, 

Cisternas, M, Lamarche, G, Pelletier, B, Jaffe, B & Dudley, 

W 2011, ‘Palaeotsunamis in the Pacific Islands’, Earth-

Science Reviews, vol. 107, pp. 141-146. doi: 

10.1016/j.earscirev.2010.10.005. 

Goff, J, Witter, R, Terry, J & Spiske, M 2020, ‘Palaeotsunamis 

in the Sino-Pacific region’, Earth-Science Reviews, vol. 210, 

pp. 1-44. doi: 10.1016/j.earscirev.2020.103352. 

Gusman, AR, Supendi, P, Nugraha, AD, Power, W, Latief, H, 

Sunendar, H, Widiyantoro, S, Daryono, Wiyono, SH, 

Hakim, A, Muhari, A, Wang, X, Burbidge, D, Palgunadi, K, 

Hamling, I & Daryono, MR 2019, ‘Source model for tsunami 

inside Palu bay following the 2018 Palu earthquake, 

Indonesia’, Geophysical Research Letters, vol. 46, no. 15, 

pp. 8721-8730. doi: 10.1029/2019GL082717. 

Hanks, TC & Kanamori, H 1979, ‘A moment magnitude scale’, 

Journal of Geophysical Research, vol. 84, no. B5, pp. 2348-

2350. doi: 10.1029/jb084ib05p02348. 

Heidarzadeh, M, Ishibe, T, Sandanbata, O, Muhari, A & 

Wijanarko, AB 2020a, ‘Numerical modeling of the subaerial 

landslide source of the 22 December 2018 Anak Krakatoa 

volcanic tsunami, Indonesia’, Ocean Engineering, vol. 195, 

pp. 1-11. doi: 10.1016/j.oceaneng.2019.106733. 

Heidarzadeh, M, Putra, PS, Nugroho, SH & Rashid, DBZ 

2020b, ‘Field survey of tsunami heights and runups 

following the 22 December 2018 Anak Krakatau Volcano 

tsunami, Indonesia’, Pure and Applied Geophysics, vol. 177, 

pp. 4577-4595. doi: 10.1007/s00024-020-02587-w. 

Heidarzadeh, M, Satake, K, Takagawa, T, Rabinovich, A & 

Kusumoto, S 2018, ‘A comparative study of far-field 

tsunami amplitudes and ocean-wide propagation 

properties: insight from major trans-Pacific tsunamis of 

2010–2015’, Geophysical Journal International, vol. 215, 

pp. 22-36. doi: 10.1093/gji/ggy265. 

Kanamori, H 1983, ‘Magnitude scale and quantification of 

earthquakes’, Tectonophysics, vol.  93, pp. 185-199. doi: 

10.1016/0040-1951(83)90273-1. 

Mikami, T, Shibayama, T, Esteban, M, Takabatake, T, 

Nakamura, R, Nishida, Y, Achiari, H, Rusli, Marzuki AG, 

Marzuki, MFH, Stolle, J, Krautwald, C, Robertson, I, 

Aránguiz, R & Ohira, K 2019, ‘Field survey of the 2018 

Sulawesi tsunami: inundation and run-up heights and 

damage to coastal communities’, Pure and Applied 

Geophysics, vol. 176, pp. 3291-3304. doi: 10.1007/s00024-

019-02258-5. 

Nagai, K, Muhari, A, Pakoksung, K, Watanabe, M, Suppasri, 

A, Arikawa, T & Imamura, F 2021, ‘Consideration of 

submarine landslide induced by 2018 Sulawesi earthquake 

and tsunami within Palu Bay’, Coastal Engineering Journal, 

vol. 63, no. 4, pp. 446-466. doi: 

10.1080/21664250.2021.1933749. 

Nakata, K, Katsumata, A & Muhari, A 2020, ‘Submarine 

landslide source models consistent with multiple tsunami 

records of the 2018 Palu tsunami, Sulawesi, Indonesia’, 

https://doi.org/10.1002/2014GL059348
https://doi.org/10.1016/0012-8252%2881%2990014-3
https://doi.org/10.1029/2019GL082578
https://www.sciencedirect.com/science/book/9780123859389
https://doi.org/10.1016/B978-0-12-385938-9.00058-4
https://doi.org/10.1016/B978-0-12-385938-9.00058-4
http://dx.doi.org/10.1785/0120080234
http://dx.doi.org/10.1785/0120080234
https://link.springer.com/article/10.1007/s11069-016-2345-6
http://dx.doi.org/10.1144/SP361.7
http://dx.doi.org/10.5194/nhess-13-1507-2013
http://dx.doi.org/10.1016/j.earscirev.2010.10.005
http://dx.doi.org/10.1016/j.earscirev.2020.103352
http://dx.doi.org/10.1029/2019GL082717
https://doi.org/10.1029/JB084iB05p02348
https://doi.org/10.1016/j.oceaneng.2019.106733
https://doi.org/10.1007/s00024-020-02587-w
http://dx.doi.org/10.1093/gji/ggy265
http://dx.doi.org/10.1016/0040-1951(83)90273-1
https://link.springer.com/article/10.1007/s00024-019-02258-5
https://link.springer.com/article/10.1007/s00024-019-02258-5
http://dx.doi.org/10.1080/21664250.2021.1933749


ASM Science Journal, Volume 17, 2022  
 

10 

Earth, Planets and Space, vol. 72. no. 44, pp. 1-16. doi: 

10.1186/s40623-020-01169-3. 

Okal, EA 2019, ‘Energy and magnitude: A historical 

perspective, Pure and Applied Geophysics’, vol. 176, pp. 

3815-3849. doi: 10.1007/s00024-018-1994-7. 

Okal, EA, Reymond D & Hébert H 2014, ‘From earthquake 

size to far-field tsunami amplitude: development of a 

simple formula and application to DART buoy data’, 

Geophysical Journal International, vol. 196, pp. 340-356. 

doi: 10.1093/gji/ggt328. 

Pranantyo, IR, Heidarzadeh, M & Cummins, PR 2021, 

‘Complex tsunami hazards in eastern Indonesia 

from seismic and non-seismic sources: Deterministic 

modelling based on historical and modern data’, 

Geoscience Letters, vol. 8, no. 20, pp. 1-16. doi: 

10.1186/s40562-021-00190-y. 

Prastowo, T, Cholifah, L & Madlazim 2018, ‘Analysis of travel 

time delay for large tsunamis across the Pacific and Indian 

oceans’, Science of Tsunami Hazards, vol. 34, no. 4, pp. 195-

212. 

http://www.tsunamisociety.org/STHVol37N4Y2018.pdf  

Prastowo, T & Cholifah, L 2019, ‘The nature of tsunami 

energy decay with epicentral distance in the open ocean for 

two large trans-Pacific tsunamis’, Journal of Physics: 

Conference Series, vol. 1153, no. 012017. doi: 10.1088/1742-

6596/1153/1/012017. 

Rabinovich, AB, Borerro, JC & Fritz, HM 2014, ‘Introduction 

to ‘Tsunamis in the Pacific Ocean: 2011–2012’, Pure and 

Applied Geophysics, vol. 171, pp. 3175-3182. doi: 

10.1007/s00024-014-0894-8. 

Rabinovich, AB, Candella, RH & Thomson, RE 2011, ‘Energy 

decay of the 2004 Sumatra tsunami in the world ocean’, 

Pure and Applied Geophysics, vol. 168, pp. 1919-1950. doi: 

10.1007/s00024-011-0279-1. 

Rabinovich, AB, Candella, RH & Thomson, RE 2013, ‘The 

open ocean energy decay of three recent trans-Pacific 

tsunamic’, Geophysical Research Letters, vol. 40, no. 12, pp. 

3157-3162. doi: 10.1002/grl.50625. 

Ren, Z, Wang, W, Wang, Y & Hou, J 2020, ‘Numerical study 

of the triggering mechanism of the 2018 Anak Krakatau 

tsunami: eruption or collapsed landslide?’, Natural 

Hazardz, vol. 102. no. 1, pp 1-14. doi: 10.1007/s11069-020-

03907-y. 

Rubin, CM, Horton, BP, Sieh, K, Pilarczyk, JE, Daly, P, 

Ismail, N & Parnell, AC 2017, ‘Highly variable recurrence of 

tsunamis in the 7,400 years before the 2004 Indian Ocean 

tsunami’, Nature Communications, vol. 8, no. 16019, pp. 1-

12. doi: 10.1038/ncomms16019. 

Satake, K 2014, ‘Advances in earthquake and tsunami 

sciences and disaster risk reduction since the 2004 Indian 

ocean tsunami’, Geoscience Letters, vol. 1, no. 15, pp. 1-13. 

doi: 10.1186/s40562-014-0015-7. 

Satake, K, Okal, EA & Borrero, JC 2007, ‘Tsunami and Its 

Hazard in the Indian and Pacific Oceans: Introduction’, 

Pure and Applied Geophysics, pp. 249-259. doi: 

10.1007/s00024-006-0172-5. 

Satake, K, Nishimura, Y, Putra, PN, Gusman, AR, Sunendar, 

H, Fujii, Y, Tanioka, U, Latief, H & Yulianto, E 2012, 

‘Tsunami source of the 2010 Mentawai, Indonesia 

earthquake inferred from tsunami field survey and 

waveform modeling’, Pure and Applied Geophysics, vol. 70, 

pp. 1567–1582. doi: 10.1007/s00024-012-0536-y. 

Satriano, C, Wu, YM, Zollo, A & Kanamori, H 2011, 

‘Earthquake early warning: Concepts, methods and 

physical grounds’, Soil Dynamics and Earthquake 

Engineering, vol. 31, no. 2, pp. 106-118. doi: 

10.1016/j.soildyn.2010.07.007. 

Sozdinler, CO, Necmioglu, O, Bayraktar, HB & Ozel, NM 

2019, ‘Tectonic origin tsunami scenario database for the 

Marmara Region’, Natural Hazards and Earth System 

Sciences Discussions, pp. 1-15. doi: 10.5194/nhess-2019-

186. 

Suppasri, A, Goto, K, Muhari, A, Ranasinghe, P, Riyaz, M, 

Affan, M, Mas, E, Yasuda, M & Imamura, F 2015, ‘A decade 

after the 2004 Indian ocean tsunami: The progress in 

disaster preparedness and future challenges in Indonesia, 

Sri Lanka, Thailand and the Maldives’, Pure and Applied 

Geophysics, vol. 172, pp. 3313-3341. doi: 10.1007/s00024-

015-1134-6. 

Tappin, DR 2021, ‘Submarine landslides and their tsunami 

hazard’, Annual Review of Earth and Planetary Sciences, 

vol. 49, pp. 551-578. doi: 10.1146/annurev-earth-063016-

015810. 

Titov, VV 2021, ‘Hard lessons of the 2018 Indonesian 

tsunamis’, Pure and Applied Geophysics, vol. 178, pp. 1121-

1133. doi: 10.1007/s00024-021-02731-0. 

Watada, S, Kusumoto, S & Satake, K 2014, ‘Traveltime delay 

and initial phase reversal of distant tsunamis coupled with 

the self-gravitating elastic Earth’, Journal of Geophysical 

Research: Solid Earth, vol. 119, pp. 4287-4310. doi: 

10.1002/2013JB010841. 

Widiyantoro, S, Gunawan, E, Muhari, A, Rawlinson, N, Mori, 

J, Hanifa, NR, Susilo, S, Supendi, P, Shiddiqi, HA, Nugraha, 

http://dx.doi.org/10.1186/s40623-020-01169-3
https://link.springer.com/article/10.1007/s00024-018-1994-7
http://dx.doi.org/10.1093/gji/ggt328
http://dx.doi.org/10.1186/s40562-021-00190-y
http://www.tsunamisociety.org/STHVol37N4Y2018.pdf
http://dx.doi.org/10.1088/1742-6596/1153/1/012017
http://dx.doi.org/10.1088/1742-6596/1153/1/012017
http://dx.doi.org/10.1007/s00024-014-0894-8
http://dx.doi.org/10.1007/s00024-011-0279-1
http://dx.doi.org/10.1002/grl.50625
https://link.springer.com/article/10.1007/s11069-020-03907-y
https://link.springer.com/article/10.1007/s11069-020-03907-y
http://dx.doi.org/10.1038/ncomms16019
http://dx.doi.org/10.1186/s40562-014-0015-7
http://dx.doi.org/10.1007/s00024-006-0172-5
http://dx.doi.org/10.1007/s00024-012-0536-y
http://dx.doi.org/10.1016/j.soildyn.2010.07.007
http://dx.doi.org/10.5194/nhess-2019-186
http://dx.doi.org/10.5194/nhess-2019-186
http://dx.doi.org/10.1007/s00024-015-1134-6
http://dx.doi.org/10.1007/s00024-015-1134-6
http://dx.doi.org/10.1146/annurev-earth-063016-015810
http://dx.doi.org/10.1146/annurev-earth-063016-015810
https://link.springer.com/article/10.1007/s00024-021-02731-0
http://dx.doi.org/10.1002/2013JB010841


ASM Science Journal, Volume 17, 2022  
 

11 

AD & Putra, HE 2020, ‘Implications for megathrust 

earthquakes and tsunamis from seismic gaps south of Java 

Indonesia’, Scientific Reports, vol. 10, no. 15274. doi: 

10.1038/s41598-020-72142-z. 

Zaytsev, O, Rabinovich, AB & Thomson, RE 2016, ‘A 

comparative analysis of coastal and open-ocean records of 

the great Chilean tsunamis of 2010, 2014 and 2015 off the 

Coast of Mexico’, Pure and Applied Geophysics, vol. 173, pp. 

4139-4178. doi: 10.1007/978-3-319-55480-8_24. 

https://www.nature.com/articles/s41598-020-72142-z
http://dx.doi.org/10.1007/978-3-319-55480-8_24

