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Abstract Twenty-two of a total of 30 earthquake events

reported by the Indonesian Agency for Geophysics, Cli-

matology and Meteorology during the time period

2007–2010 were falsely issued as tsunamigenic by the

Indonesian Tsunami Early Warning System (Ina-TEWS).

These 30 earthquakes were of different magnitudes and

occurred in different locations. This study aimed to eval-

uate the performance of the Ina-TEWS using common

earthquake parameters, including the earthquake magni-

tude, origin time, depth, and epicenter. In total, 298 data-

sets assessed by the Ina-TEWS and the global centroid

moment tensor (CMT) method were assessed. The global

CMT method is considered by almost all seismologists to

be a reference for the determination of these parameters as

they have been proved to be accurate. It was found that the

earthquake magnitude, origin time, and depth provided by

the Ina-TEWS were significantly different from those

given in the global CMT catalog, whereas the latitude and

longitude positions of the events provided by both tsunami

assessment systems were coincident. The performance of

the Ina-TEWS, particularly in terms of accuracy, remains

questionable and needs to be improved.

Keywords Ina-TEWS � GLOBAL centroid moment

tensor catalog � Performance � Accuracy � Earthquake

parameters

1 Introduction

Indonesia has an Indonesian Tsunami Early Warning Sys-

tem (Ina-TEWS) since 2008. The Ina-TEWS has used

automatic processing on hypocenter, MWp, and local mag-

nitude (ML). If earthquake occurred in the ocean, depth

\70 km and magnitude [7, then Ina-TEWS announces

early warning that the earthquake can generate tsunami. The

Ina-TEWS has been set up to produce tsunami warning in

5 min after the earthquake. This scenario is based on the

experience of local tsunami, where the first tsunami attacks

the coast within 20–40 min after the earthquake. To reach

the goal, it requires 160 broadband seismic stations, 500

accelerograph stations, 60 tide gauges, 20 DART buoys, and

several continuous GPS stations for monitoring purposes.

The whole Ina-TEWS system consists of four subsystems,

namely 1. monitoring, 2. processing, 3. dissemination, and 4.

preparedness. The monitoring system has three types of

network: 1. earthquake monitoring, 2. sea monitoring, and 3.

Earth deformation (Harjadi and Fauzi 2012).

The Ina-TEWS has been directly operated and managed

by the Indonesian Agency for Geophysics, Climatology

and Meteorology (BMKG). This system automatically

processes the magnitude, origin time, depth, and epicenter

of an earthquake event as it occurs with the aim of pre-

dicting the hazards of a tsunami. The Ina-TEWS uses the

Richter scale value, frequently referred to as the ML, to

rapidly determine the magnitude of a particular tsunami-

genic earthquake, and uses other important parameters,
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such as the origin time, depth, and epicenter, to assess the

earthquake. Based on these parameters, the BMKG issued

tsunami warnings for 22 events out of a total of 30 earth-

quakes occurred between 2007 and 2010 (Fig. 1); however,

these were all false warnings as a result of inaccuracies in

the assessment. In this context, false warnings could be

issued for tsunamis that did not occur after sufficiently

large earthquakes with magnitudes [6.5. Equally, earth-

quake events with relatively small magnitudes could gen-

erate tsunamis, despite a warming not being issued. The

assessment of the hazards of a tsunami based on this local

magnitude method differs significantly from the moment

magnitude method (MW), particularly when it is used to

analyze events of magnitudes C6 (Boore et al. 1997;

McCalpin 2010, Appendix 1). The moment magnitude is

considered to be a rigorous, accurate measurement of

magnitude for large earthquakes with a strength C6.5, but

takes at least 2 h to determine the magnitude of such

earthquakes (Delouis et al. 2009; Lomax and Michelini

2009), which is a relatively long time for application in a

tsunami early warning system. Ulutas et al. (2012) and

Ulutas (2013) found that the average slip parameter was

calculated to be 4.76 m according to the seismic moment

of the earthquake.

The most accurate method of determining the magnitude

of major earthquakes is by using the moment tensor. This

includes the GLOBAL centroid moment tensor (CMT)

method, commonly known as MW, which also provides the

origin time, epicenter, and depth of the earthquake event.

The global CMT is currently the most powerful, accurate

method of determining earthquake magnitude (Dziewonski

et al. 1981; Ekström 1994). The procedures for running the

method are based on the measurements of the long period

body seismic waves and the recorded surface waves

(Kawakatsu 1995). This research aims to determine the

differences between the Ina-TEWS and the global CMT

methods in determining the parameters: magnitude, origin

time, epicenter, and depth.

2 Methods

The datasets used in this study were all earthquake events

that occurred in Indonesia between 2012 and 2015. These

datasets are available at https://inatews.bmkg.go.id/ and

were used in this study with permission of the Puslitbang

BMKG authority. Seismic station used in this study is

BMKG-net, as shown in Fig. 2.

Using these data, we linearly fitted relationship between

local magnitude ML issued by BMKG and moment mag-

nitude issued by Global CMT and found relation between

ML and MW as MW = 0.91 ML ? 0.36 with a standard

deviation of 0.2. This MW is the predicted value. The

relation between M and MW is shown in Fig. 3.

Then, we compared the MW predicted and original MW

data. We analyzed and compared the magnitudes, origin

times, and depths of all the events using the Data Tool

program, an open source physics (OSP) tool, freely avail-

able at http://www.opensourcephysics.org/webdocs/Tools.

cfm?t=Datatool. This program is a data analysis tool that is

Fig. 1 Ina-TEWS performance during 2007–2010 (Source http://jexp.main.jp/h24soukai/Indonesia.pdf)
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Fig. 2 Seismic station used in this study (BMKG-net)

Fig. 3 Relation between ML and MW with a standard deviation of 0.2
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used to plot and fit data from datasets organized into col-

umns to give a visually simple graphic display. We also

used the generic mapping tools freely available at http://

gmt.soest.hawaii.edu/ to manipulate the geographical and

cartesian datasets when plotting a map of the earthquake

epicenters.

3 Results and discussion

We compared the common earthquake parameters (mag-

nitudes, origin times, depths, and epicenters) used in the

BMKG and the GLOBAL CMT methods for all earth-

quakes occurred in Indonesia between 2012 and 2015.

Figure 4 shows a comparison between MW predicted from

ML and MW original data. Distributions of earthquake

magnitudes for all events issued by the BMKG are repre-

sented as closed red circles. Figure 4 also shows a yellow

straight line representing the magnitude measurements

given in the Global CMT catalog (MW original data). The

black circles are those events recorded by the BMKG that

converted to MW predicted. As the majority of earthquakes

of magnitude 4.8–7.1 plot away this reference line, we

concluded that the magnitudes measured by these two

authorities did not agree well one to another.

Figure 5 shows the origin time data estimated by the

BMKG as red histograms. The blue histograms represent

the data provided by the Global CMT catalog. As with the

magnitude measurements, a large number of the red his-

tograms plot away from the blue histograms, and thus the

origin time measurements given by the two institutions are

clearly different from the standard deviation for the both

data being 6.5 min. The estimates of the origin times need

to be as accurate as possible for a tsunami early warning to

minimize risks to the population. With respect to this, the

data for the origin time provided by the BMKG during the

four years from 2012 to 2015 are not reliable.

Figure 6 demonstrates another significant difference in

depth measurements between the BMKG results and the

Global CMT catalog. A large deviation was observed

between the measured depths issued by the BMKG and the

reference depths given by the Global CMT catalog, par-

ticularly for depths\100 km. This is of particular concern

because the Ina-TEWS releases a warning for events

occurring at depths \100 km. Thus, the depth estimates

provided by the Ina-TEWS are also questionable.

Fig. 4 Comparison of earthquake magnitudes measured by the BMKG (black circles) and with the reference straight line provided by the

Global CMT catalog. Earthquake events for which the same magnitude was measured by both institutions are marked on the line as yellow. Both

data have standard deviation of 0.2. For making the line reference with gradient = 1, x and y axes must be made same magnitude data, Global

CMT data
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In contrast, the data given by the BMKG for the epi-

centers of all events from 2012 to 2015 were consistent

with those provided by the Global CMT catalog. This is

clearly shown in Fig. 7. This figure shows the distribution

of earthquake epicenters from the west in northern Sumatra

(including Aceh and the west coast of Sumatra) to the east,

(including the northern parts of Sulawesi, Maluku, and

Papua). Each location given by the BMKG is marked as a

red star, and the pattern is very similar to that given by the

data from the Global CMT catalog, marked as blue stars.

One plausible reason for the coincidence of these data from

the two institutions is that the earthquake epicenters were

determined by either seismic stations or satellites using

measurements at the Earth’s surface. These data had much

lower disturbance from noise than the measurements of the

other parameters, such as magnitude, origin time, and

depth.

As only one of the parameters measured by the BMKG

agrees well with the data from the Global CMT catalog, we

cannot rely on the earthquake analyses obtained from the
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Fig. 5 Comparison of 298 data events for origin times (in minutes) issued by the BMKG (red histograms) and the data series provided by the

Global CMT catalog (blue histograms). Standard deviation for the both data is 6.5 min

Fig. 6 Comparison of data of depth measurements recorded by the BMKG (red squares) and the reference black line provided by the Global

CMT catalog. Earthquake events for which the same depth was measured by both institutions are almost zero. For making the line reference with

gradient = 1, x and y axes must be made same depth data, Global CMT data
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data provided by the BMKG. To give a better prediction of

potentially tsunamigenic events at various depths and

magnitudes as well as better estimates of origin times and

epicenters, we need to propose some new parameters.

Madlazim (2011, 2013) and Madlazim et al. (2015)

emphasized that the rapid acquisition of high-accuracy

information is essential in the assessment of the hazards of

a tsunami to minimize false warnings that may lead to poor

decision-making in hazard mitigation.

The two main factors required for a tsunami alert trig-

gered by a major earthquake below sea level are accuracy

and the rapid delivery of information. The shortcomings of

the BMKG method must be overcome before the magni-

tude of a destructive tsunamigenic earthquake can be

assessed accurately and quickly, the key attributes required

in a reliable tsunami early warning system (Katsumata

et al. 2013). If this can be achieved, then a hazard reduction

program can be developed in countries that are particularly

prone to disastrous events, such as earthquakes and

tsunamis.

We suggest that parameters of the Ina-TEWS should be

revised. Our suggestion that Ina-TEWS should add

parameters such as earthquake duration (T0), dominant

period (Td), and earthquake duration exceed to 50 s (t50Ex)

to improve its performance, because the parameters are

more accurate than local magnitude, especially for

tsunamigenic events (Lomax and Michelini 2011; Mad-

lazim et al. 2015).

4 Conclusions

This study evaluated the performance of the Ina-TEWS as

recorded by the BMKG in a region of the Indonesian

archipelago during the period 2012–2015. Common

earthquake parameters, such as the magnitude, origin time,

depth, and the epicenters of the earthquake event were

assessed. The data were compared with those provided by

the Global CMT catalog. Although there were significant

differences between the first three parameters given by

these two institutions, the distribution of the earthquake

epicenters largely agreed with each other. The performance

of the Ina-TEWS needs to be improved to give better

prediction and analyses of tsunamigenic earthquakes and to

assess the risk of hazards from tsunamis in terms of both

accuracy and speed. There needs to be an alternative

method of analyzing tsunamigenic earthquakes that

includes the rapid and accurate determination of earth-

quake magnitudes and depths.
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