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Sabah is located in the 
northeast region of East 
Malaysia and recognised

as the most active seismic 
area in Malaysia.

This study aims at 
quantifying the recurrence 
periods and probabilities of 
occurrence of earthquake 
in Sabah using the CTBT 

IMS data.
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Extreme Value Distribution.

CTBT IMS Data.

The results demonstrate 
consistency with the 

stability postulate from 
which distributions of 

extremes are deduced and 
provide further confidence 
in the application of such 

method.

IMS data contributes to 
strengthen the earthquake 

science in Malaysia.
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Background of the study
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The region of Sabah is known as prone to

earthquake activities as compared to other

parts of Malaysia. The region has suffered

several earthquakes of moderate

magnitude for the past decades, where of

these events have caused structural

damage to buildings and other

infrastructures and injuries to humans.

The seismicity map of Sabah shows the

presence of two zones of distinctive

seismicity, which are Ranau in Kota Kinabalu

and Lahad Datu in the southeast of Sabah.

The IMS recorded 33 moderate events,

ranging from 3.3 to 5.2 mb, originated in

this region from January 2002 to June 2020.

2015 has recorded the highest number of

earthquake occurrence, where the IMS

recorded event on June 4, 2015 23:15:43

UTC is consistent with the Ranau’s

moderate earthquake on June 5, 2015 7:15

am local time as reported by the Malaysia’s

local authority.



Objectives of the study
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Earthquake hazards are still poorly 

understood and yet to be properly 

quantified in Malaysia. This is due to 

the lack of basic scientific data and 

lack of usable earthquake hazard 

model or map which could be 

referred to for mitigation planning 

and reduction of impacts. [1]

This study aims at quantifying 

the recurrence periods and 

probabilities of occurrence of 

earthquake at any given 

magnitude in Sabah using 

seismic IMS data. 

Graphic source: https://www.nst.com.my/news/nation/2020/11/642205/geologist-warns-strong-earthquake-strike-lahad-datu-near-future

[1] Felix Tongkul An Overview of Earthquake Science in Malaysia, ASM Sc. J., 14, 2021. https://doi.org/10.32802/asmscj.2020.440

https://www.nst.com.my/news/nation/2020/11/642205/geologist-warns-strong-earthquake-strike-lahad-datu-near-future
https://doi.org/10.32802/asmscj.2020.440


Methods and data
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❑ The method of Extreme Value Distribution Type-I, which is also known as

Gumbel’s Type I, has certain clear and advantages If compared with other

methods requiring the whole data set, and rarely completely reported.

❑ The Gumbel’s need only part of the event data, such as, the largest earthquakes

i.e. extremes. The CTBTO IMS data represent a continuous and complete set of

annual maximum magnitude events, thus, it is very useful to apply such method

for the calculation process of this study.

❑ The results obtained are useful to determine a variety of statistics including

average recurrence periods of annual maximum magnitude earthquakes and

probabilistic seismic hazard assessment of the region. Results also are informative

for seismic threat and related earthquake engineering determinations that usually

require estimation of return periods or probabilities of exceedance of specific

levels of design load criteria or external safety conditions.

❑ For this study, the data of earthquake events occurred around Sabah region

(bounded by 3.95°N to 7.16°N latitude and 115.4°E to 119.3°E longitude) from

January 2002 to June 2020 have been taken from the CTBT’s Reviewed Event

Bulletin (REB).

❑ In order to study the earthquake risk, probability of occurrence and

return periods, the earthquake data distributed over 19 years periods

has been divided into one year time interval such as at least one event in

each year duration is observed.

Graphic source: the CTBTO Web Portal



Results
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▪ The earthquake yearly numbers and their return period for different

magnitude expected in Sabah region are summarized in Table 1. These

indicate that as return period increases, frequency of earthquake

occurrences decreases.

▪ From the histories of maximum earthquake magnitude recorded,

earthquake hazard probabilities for different magnitudes with time are

calculated for 10, 20, 30, 50, 75 and 100 years periods.. The relation between

of these yearly numbers of earthquakes, their return periods and the

calculated earthquake hazard is illustrated in Figure 1 and Figure 2. The

observations suggest that within hundred year period the probability of

occurrence of larger magnitude earthquakes decrease with time. The

general interpretation of this curve reveals that the probability of an

earthquake of magnitude 4.1 occurring in the considered region with 20-

years period is estimated to be 0.999. This means that at least one

earthquake of magnitude 4.1 is predicted to occur within that period of

time. However, probability of such particular event is never absolutely

certain.

▪ The probability P (t ≥ T) that the recurrence period of the design

earthquake of magnitude m exceeds a random recurrence period of T years

is given by P (t ≥ T) = exp (-T/Tm). For example, recurrence period for at

least one earthquake of magnitude m within a probability of 90% is given by

T90 = -Tm ln (1-90)

▪ The design earthquake recurrence period with 90% probability is calculated

and the values are presented in Table 2. The 90% probability recurrence

period could be understood that in Sabah region, there is 90% probability

in 29 years period that at least one earthquake of magnitude 4.5 or greater

will occur and conversely that 10% probability an earthquake of the same

magnitude or more will not occur.

Table 1 Figure 1

Table 2

Figure 2



Conclusion
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❑ The study has managed to produce the preliminary findings of seismic

hazard assessment in Sabah using the IMS data of the CTBTO. The results

of analysis have enabled the quantification of recurrence periods and

probabilities of occurrence of earthquake at any given magnitude in Sabah

using seismic IMS data.

❑ The results of this preliminary study demonstrate consistency with the

stability postulate from which distributions of extremes are deduced and

provides further confidence in the application of such method.

❑ The study shows the IMS data is useful for earthquake sequence analyses

of the region and has an important role in seismological research,

contributing in strengthening the overall earthquake science in Malaysia.

❑ Such study also may contribute to increase and promote the utilisation of

IMS data for civil and scientific applications, as well as optimising Malaysia’s

benefits as a Member States to the CTBT.


