Indonesian Physical Review

Volume 4 Issue 3, September 2021
P-ISSN: 2615-1278, E-ISSN: 2614-7904

Earthquake Recurrence Interval Based on Seismic Moment

Muhammad Fawzy Ismullah Massinai!, Arif Wijaya?, Jamaluddin3, Muhammad Altin
Massinai4, Emi Prasetyawati Umar®, Minarti®

I Geophysics Department, Hasanuddin University, Makassar, Indonesia. E-mail: fawzy@sci.unhas.ac.id

2 Mine Engineering Department, Universitas Muhammadiyah Mataram, Indonesia. E-mail:
arif.wijaya@ummat.ac.id

3 Department of Geology, STT- MIGAS Balikpapan, Indonesia. E-mail: jamaluddin@sttmigas.ac.id

* Geophysics Department, Hasanuddin University, Makassar, Indonesia. E-mail: altin@science.unhas.ac.id
5 Mining Engineering Department, Faculty of Industrial Technology, Universitas Muslim Indonesia, Indonesia. E-
mail: emiprasetyawati.umar@umi.ac.id

¢ Department of Physics, Faculty of Science and Technology, Universitas Islam Negeri Alauddin, Makassar,
Indonesia. E-mail: minarti.minarti@uin-alauddin.ac.id

ARTICLE INFO

ABSTRACT

Article info:
Received: 12-08-2021
Revised: 11-09-2021
Accepted: 26-09-2021

Keywords:
Earthquake recurrence
interval; Magnitude;
Seismic moment

How To Cite:

Massinai, M.F.I., Wijaya,
A., Jamaluddin., Massinai,
M.A., Umar, E.P.,
Minarti., Wahyuni, A.
(2021). Earthquake
Recurrence Interval Based
on Seismic Moment.
Indonesian Physical
Review 4(3), pp 145-152

DOI:
https://doi.org/10.29303/ip
r.v4i3.120

Indonesia is a country with high earthquake potential. This potential
has been realized by its stakeholders and other parties. Various
methods from many researchers from the fields of geophysics, geology,
seismology, geodesy, geotechnical engineering, and others have been
discussed to arrange earthquake mitigation. However, the discussions
are unable to fit all earthquake mitigations across the country because
they are still limited to specific characteristics of each fault among
thousands of faults in Indonesia. Seismic moment is a parameter that
provides information on the energy released when an earthquake
occurs. This parameter, in any given scale, can provide information
about the earthquake recurrence interval. The earthquake recurrence
interval referred to here means that during a certain time period, the
area under study has the possibility of experiencing an identical
earthquake or with a lower magnitude. This study tries to offer and
test the method of calculating earthquake recurrence interval based on
seismic moments. The method tested in several case studies of
earthquakes in East Kalimantan has acceptable results. The method in
this research has advantages value and can be alternative method in
earthquake disaster mitigation.

Copyright © 2021 Authors. All rights reserved.

Introduction

Indonesia is a country with high earthquake potential [1], [2]. This is caused by tectonic
settings which are characterized by the existence of many faults that potentially trigger
earthquakes both on land and sea. This potential has been realized by many of its stakeholders
and other parties. Knowing the condition, the Indonesian government has implemented
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standard operating procedures to minimize the number of victims of earthquake disasters,
which are commonly called earthquake disaster mitigation.

Various methods of many researchers from the fields of geophysics, geology, seismology,
geodesy, geotechnical engineering, and others have been discussed to arrange earthquake
mitigation such as hypocenter determination and focal mechanism [3], [4], peak ground
acceleration [5], GPS slip rate [6]. However, the discussions are unable to fit all earthquake
mitigations across the country because they are still limited to specific characteristics [7] of
each fault among thousands of faults in Indonesia. This is indicated by the assurance of the
emergence of new information or insight after analysis of each new earthquake that occurred.
Seismic moment is a parameter that provides energy information that is released by every
earthquake event. This information is obtained from several parameters, namely the modulus
of shear or rigidity, displacement, and slip caused by the earthquake. Slips have a length unit.
Faulting as the cause of the earthquake has a slip rate per year. These two slip parameters, on
any scale, can provide information about the earthquake recurrence interval.

The earthquake recurrence interval referred to here does not mean the ability to guess that an
identical earthquake will occur after specific periods. However, it gives a meaning that the
area under study has the possibility of an identical earthquake with a similar or lower
magnitude within a specific period. This study tries to offer and test the method for calculating
earthquake recurrence interval based on seismic moments. This study's results can be used as
additional thoughts to the stakeholders and other parties involved in the preparation of
earthquake disaster mitigation, especially in Indonesia.

Method

Subsurface complexity causes an earthquake to be unpredictable. Up to today, scientists are
still unable to predict the occurrence of earthquakes, or even giving a short range of time
when the earthquakes are probable to happen. Earthquake recurrence interval in a long-time
span can be calculated if the assumption of the earth is simplified and then calculated using
some mathematical models that have been formulated by previous experts.

The size of an earthquake can be measured based on the seismic moment (Mp), using the
following formula [8], [9]

M, = u(LD)S 1)

with,

My :Seismic moment (dyne.cm)

p :modulus of shear or rigidity (dyne/cm?)

L :segment length (cm)

D :seismogenic depth (cm)

S :Slip (cm)

Mp can be derived from moment magnitude with the following equation [10], [11]

M,, = log Mo — 10.73 )

with,
Mw : moment magnitude
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If the calculation of an earthquake uses other types of magnitude such as body magnitude
and local magnitude, magnitude is converted first to moment magnitude before it is

converted to seismic moment. Some equations that can be used to convert magnitude are as
follows [10], [12], [13]:

Mg =1.27(M, — 1) — 0.016 M, *

—_
€]

)
mg = 1.5my, — 2.2 )
My, = 0.85my + 1.03;3.5 < m;, < 6.2 6)

with,

M :Local magnitude

Ms : Surface magnitude

mp : Body magnitude

myp : Body magnitude of ISC

In general, every earthquake with a high magnitude has a certain M, the parameter is
changed into My to get the value of the slip caused by a large earthquake in a particular
segment, with a segment length and depth of the earthquake assumed to be known. The
earthquake recurrence interval (T) in units of years can be calculated by dividing the
accumulated slip (S) caused by an earthquake by the average slip rate per year (s) in that
segment, i.e. [14]

T=2
S

)

The calculation of earthquake recurrence interval in each segment uses the equation discussed
above.

Result and Discussion

The method described in the previous section was tested in case studies of selected
earthquakes in East Kalimantan. Location selection caused by some earthquake event (next
wrote just event) which is shocked people because Kalimantan well known as stable areas.
Another reason is a political reason about capital reported will locate in East Kalimantan.

Kalimantan has three faults that are considered to potentially cause earthquakes, are Tarakan
Fault, Mangkalihat Fault, and Meratus Fault [15], [16]. They have a length of more than 100
km and the potential to trigger events with M7.0. Tarakan strike-slip fault can be identified in
the northern part of the Kalimantan which stretches from the mainland to continuously
offshore. Mangkalihat Fault is a strike-slip fault, identified on the east coast of the Kalimantan.
The reverse fault zone is recognized in the southern part of the Kalimantan, Meratus Fault, in
the NE-SW [15]. The three faults can be seen in Table 1 and Figure 1.

Table 1. Data and parameter for fault in Kalimantan [15].

ID Name Slip rate (mm/yr) Top (km) Bottom (km) Length (km) Mmax
1 Tarakan 0.3 3 18 100 7.0
2 Mangkalihat 0.5 3 18 111 7.0
3 Meratus 0.3 3 18 105 7.0

147



P-ISSN: 2615-1278, E-ISSN: 2614-7904

The selected event data is an earthquake that occurred in the range of 2010 to 2019 for the East
Kalimantan region. The data was obtained from BMKG and GFZ databases with time on GMT.
After the data is collected, magnitude conversion is carried out. All magnitudes are converted
to moment magnitude. The data can be seen in Figure 1 and Table 2.

Meratus; 0.2 mm/yr

2

-6" C— I

0 40

10 20 30
Earthquake Depth (km)

Figure 1. Circle dot is epicenter. Red line is confirmed fault and blue line is inferred fault. Blue inverted
triangle is stations. This figure was drawn using GMT software [17].

Figure 1 shows events to be used located or close to the Meratus Fault. The event is thought
to have occurred due to the fault activity. Based on this assumption, the next calculation will
use the Meratus Fault parameter. Event data to be used is event data with the largest
magnitude Mwb5.0 which occurred on May 26, 2013. The shear or rigidity modulus used is 3 x

148



Indonesian Physical Review. 4(3): 145-152

10" dyne/cm? for continental rock rigidity [8]. In the next calculation uses depth 3 (top), 5, 10
(event depth Mwb5.0), 15 and 18 km (bottom). Calculation results can be seen in Table 3.
Table 2. Data used in this research.

ID Time (yyyy-mm-ddThh:mm:ss) Lat(°) Long (°) Depth(km) Mag Type Mw

1 2010-06-01T12:51:11 -1.63 11647 35 3.9 mp 4.49
2 2012-09-22T03:06:29 -1.63 116.37 35 3.7 mp 437
3 2013-05-26T12:25:12 -1.99 115.89 10 5.0 Mw 5.00
4 2014-01-22T06:00:17 -2.14 11547 10 3.6 M, 4.80
5 2015-08-29T10:07:22 -1.53 116.03 16.2 42 mp 4.66
6 2018-05-02T19:21:48 -1.9 115.82 10 4.5 mp 4.83

Table 3. Calculation result for Mw5.0 May 26 2013 event.

Mw Log (Mg Mo(dynecm) L(cm) D (cm) p(dyne/cm?) S(cm) s (cmfyr) T (year)

5.0 23.595 3.935 x108 105 x10° 3 x105 3 x101 0.416 0.02  20.82276
5.0 23.595 3.935 x102 105 x105 5x10° 3 x 1011 0.250 0.02  12.49365
5.0 23.595 3.935x102 105 x105 10 x 105 3 x 101 0.125 0.02 6.24683
5.0 23.595 3.935x102 105 x105 15 x 105 3 x 101 0.083 0.02 4.16455
5.0 23.595 3.935x102 105 x105 18 x 105 3 x101 0.069 0.02 3.47046

Table 3. shows the results of calculations using the equations and data described earlier. By
looking at the event data on May 26, 2013 (Depth 10 x 10> cm), we can find that the earthquake
recurrence interval is 6.24683 years. Identical events or with magnitudes smaller than this
event occurred on May 2, 2018 (Table 1). These two events have had hypocenter coordinates
that almost coincide with each other. These two events were around 5 years or less than the
recurrence interval of the research results, which was 6.24683 years (Table 3) so that the
calculation results could be accepted. There is a difference of 1.2683 years from calculations
and the earthquake event histories show that there is still much information that needs to be
considered in future calculations.

Earthquake recurrence interval calculation for other events displays the different results. This
result can be seen in Table 4.

Table 4. Calculation result for others event.

Mw (I;V(I)g My (dyne.cm) L (cm) D (cm) (dyn e/cmz}; S(em) s (cm/yr) T (year)
4.49 22.825 6.68344 x 1022 10.5x 106 35 x 105 3 x 1011 0.00606 0.02 0.303104
4.37 22.655 4.51856 x 1022 10.5 x 106 35 x 105 3 x1011  0.00409 0.02  0.204923
4.80 23.292 1.95960 x 1022 10.5 x 106 10 x 105 3x 1011 0.06221 0.02 3.110560
4.66 23.080 1.20226 x 1028 10.5 x 106 16.2 x 105 3 x1011 0.02356 0.02 1.177998
4.83 23.335 216272 x 102 10.5 x 106 10 x 105 3 x 1011 0.06866 0.02 3.432887

New information got based on the summary result for all events (Table 5). Seen if the
magnitude event is higher so recurrence interval took longer time. This condition
corresponded to Mw. This may relate to the size of the event because Mw is for the event with
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high magnitude only. The result of recurrence interval calculation shows different with after
the event, specifically for recurrence interval below 1 year.

Table 5. Summary result for all event.

ID Time (yyyy-mm-ddThh:mm:ss) Lat(°®) Long(°) Depth (km) Mw T (year)

1 2010-06-01T12:51:11 -1.63 11647 35 449  0.303104
2 2012-09-22T03:06:29 -1.63 116.37 35 4.37  0.204923
3 2013-05-26T12:25:12 -1.99 115.89 10 500  6.246830
4 2014-01-22T06:00:17 -2.14 11547 10 480  3.110560
5 2015-08-29T10:07:22 -1.53 116.03 16.2 466  1.177998
6 2018-05-02T19:21:48 -1.9 115.82 10 4.83  3.432887

This result is compared with others research in Indonesia. Most of them start from frequency-
magnitude distribution to get probabilities of earthquake occurrences. Such as in Sumatera,
M6.1 - 6.4 has recurrences 30 - 50 years [18]. Or in Mentawai, an island near from west coast
of Sumatera, M5.0 has 0.463 years and increases to M8.0 has 150.503 years [19]. The latest result
is similar to our tested result which is the higher magnitude has longer time. However, that
method used more than one event information and only used on high magnitude. Our
proposed method can use one event only and can be used on lower magnitude too.

Other research has a different method to calculate recurrence intervals such as in California,
Canada, Central Asia, Greece and Japan using the earthquake spatial distribution [7]. The
recurrence interval on the central Longmen Shan fault zone is 3900+400 years, calculated by
GPS and InSAR data to construct a moment rate [6], or by radiocarbon dating is obtained
3830+930 years [20] and 2300-3300 years [21]. Earthquake entropy was used to calculate the
recurrence interval at Canterbury (New Zealand)[22]. All of the research is done strictly based
on history [23]. Our research shows that the proposed method has simpler calculations than
another method.

However, the method that we used in this research has uncertainties. This can improve by
accommodating other subsurface parameters in the calculation, such as hypocenter [24],
coseismic [6] or earthquake mechanism [25].

Conclusion

The method of calculating earthquake recurrence interval proposed and tested in this study
has acceptable results. This method has simpler calculations and has advantage value than
other method. However, further research is still needed to accommodate other subsurface
parameters in the calculation. The method used in this study can become a new insight in the
preparation of future earthquake disaster mitigation.

Acknowledgment

Authors extend gratitude to all part who help this research such as BMKG and GFZ for their
public data. We thank Geophysics Dept., Hasanuddin University (Unhas) for their support.
The authors also thank the Indonesian Physical Review editor and reviewer.

150



Indonesian Physical Review. 4(3): 145-152

References

[1] E. P. Umar, H. Bakri, and M. Karnaen, “Mekanisme Sumber Gempabumi (Focal
Mechanism) Manokwari,” ] Geomine, vol. 04, no. 1, pp. 11-18, 2016, doi:
100.33536/jg.v4il.38.

[2] A. Abu Bakar, D. Mardiatno, and M. A. Marfai, “Study on potential tsunami by
earthquake in subduction zone of Sulawesi Sea,” Arab. |. Geosci., vol. 10, no. 24, p. 553,
2017, doi: 10.1007 /s12517-017-3286-4.

[3] M. A. Massinai and M. F. I. Massinai, “Determination Hypocentre and Focal Mechanism
Earthquake of Oct 31, 2016 in Bone, South Sulawesi,” |. Phys. Conf. Ser., vol. 979, no.
012045, pp. 1-5, 2018, doi: 10.1088/1742-6596 /979/1/012045.

[4] M. F. I. Massinai, A. P. Astuti, M. R. B. Kiraman, M. A. Massinai, and M. Ramdhan,
“Hypocenter Determination and Focal Mechanism Solution of May 29 2017 Earthquake
around Poso, Central Sulawesi, Indonesia,” |. Phys. Conf. Ser., vol. 1341, no. 082017, pp.
1-5, 2019, doi: 10.1088/1742-6596 /1341 /8 /082017.

[6] R. M. Taruna, V. H. Banyunegoro, and G. Daniarsyad, “Peak ground acceleration at
surface for Mataram city with a return period of 2500 years using probabilistic method,”
in MATEC Web of Conferences, 2018, vol. 195, doi: 10.1051/matecconf/201819503019.

[6] J.RenandS. Zhang, “Estimation of recurrence interval of large earthquakes on the central
longmen shan fault zone based on seismic moment accumulation/release model,” Sci.
World J., no. 458341, pp. 1-8, 2013, doi: 10.1155/2013 /458341.

[7] E. Marekova, “Analysis of the spatial distribution between successive earthquakes
occurred in various regions in the world,” Acta Geophys., vol. 62, no. 6, pp. 1262-1282,
2014, doi: 10.2478 /s11600-014-0234-5.

[8] A.Deif and I. El-Hussain, “Seismic moment rate and earthquake mean recurrence interval
in the major tectonic boundaries around Oman,” |. Geophys. Eng., vol. 9, no. 6, pp. 773-
783, 2012, doi: 10.1088/1742-2132/9/6/773.

[9] Y. ]Ji and S. Yoshioka, “Depth variation of seismic moment and recurrence interval in
Japan,” Geosci. Lett., vol. 8, no. 1, pp. 1-16, 2021, doi: 10.1186/s40562-020-00173-5.

[10] E. M. Scordilis, “Empirical global relations converting MS and mb to moment magnitude,”
J. Seismol., vol. 10, pp. 225-236, 2006, doi: 10.1007 /s10950-006-9012-4.

[11] R. Das, M. L. Sharma, H. R. Wason, D. Choudhury, and G. Gonzalez, “A Seismic Moment
Magnitude Scale,” Bull. Seismol. Soc. Am., vol. 109, no. 4, pp. 1542-1555, Jul. 2019, doi:
10.1785/0120180338.

[12] R. Joshi, S. S. Bhadauria, and S. S. Kushwaha, “Probabilistic seismic hazard analysis of
Madhya Pradesh (Central India) using alternate source models: a logic tree approach,”
Asian ]. Civ. Eng., vol. 21, no. 8, pp. 1399-1414, 2020, doi: 10.1007 /s42107-020-00286-4.

[13] D. Di Giacomo, I. Bondéar, D. A. Storchak, E. R. Engdahl, P. Bormann, and J. Harris, “ISC-
GEM : Global Instrumental Earthquake Catalogue (1900 - 2009 ), III . Re-computed M S
and m b, proxy M W , final magnitude composition and completeness assessment,”
Phys. Earth Planet. Inter., vol. 239, pp. 33-47, 2015, doi: 10.1016/j.pepi.2014.06.005.

[14] M. Ramdhan, “Analisis Kegempaan Sesar Sumatera Menggunakan Relokasi Gempabumi

151



P-ISSN: 2615-1278, E-ISSN: 2614-7904

Metoda Double-Difference,” 1TB, 2012.

[15] M. Irsyam et al., Peta Sumber dan Bahaya Gempa Indonesia Tahun 2017, First Ed. Bandung,
Indonesia: Pusat Penelitian dan Pengembangan Perumahan dan Pemukiman,
Kementerian Pekerjaan Umum dan Perumahan Rakyat Republik Indonesia, 2017.

[16] E. Purnamasari, “The Influence of RSNI 1726: 2018 Based on The 2017 Indonesia
Earthquake Map of Seismic Earthquake Load Design in South Kalimantan,” J. Teknol.
Berkelanjutan, vol. 7, no. 2, pp. 73-81, 2018, doi: 10.20527/jtb.v7i02.91.

[17] P. Wessel, W. H. F. Smith, R. Scharroo, J. Luis, and F. Wobbe, “Generic Mapping Tools:
Improved Version Released,” Eos Trans. Am. Geophys. Union, vol. 94, no. 45, pp. 409-410,
2013, doi: 10.1002/2013EO450001.

[18] S. Pailoplee, “Probabilities of Earthquake Occurrences along the Sumatra-Andaman
Subduction Zone,” Open Geosci., vol. 9, pp. 53-60, 2017, doi: 10.1515/ geo-2017-0004.

[19] R. Fidia, D. Pujiastuti, and A. Z. Sabarani, “Korelasi Tingkat Seismisitas dan Periode Ulang

Gempa Bumi di Kepulauan Mentawai dengan Menggunakan Metode Guttenberg-
Richter,” |. Fis. Unand, vol. 7, no. 1, pp. 84-89, 2018, doi: 10.25077 /jfu.7.1.84-89.2018.

[20] C. Li, W. Zheng, and W. Wang, “Trenching exposures of the surface rupture of 2008 Mw
7.9 Wenchuan earthquake, China: Implications for coseismic deformation and
paleoseismology along the Central Longmen Shan thrust fault,” J. Asian Earth Sci., vol.
40, no. 4, pp. 825-843, 2011, doi: 10.1016/j.jseaes.2010.04.011.

[21] Y. K. Ran et al., “Paleoseismic events and recurrence interval along the Beichuan-Yingxiu
fault of Longmen shan fault zone, Yingxiu, Sichuan, China,” Tectonophysics, vol. 584, pp.
81-90, 2013, doi: 10.1016/j.tecto.2012.07.013.

[22] A. Posadas, J. Morales, J. M. Ibafiez, and A. Posadas-Garzon, “Shaking earth: Non-linear
seismic processes and the second law of thermodynamics: A case study from Canterbury
(New Zealand) earthquakes,” Chaos, Solitons and Fractals, vol. 151, no. 111243, pp. 1-12,
2021, doi: 10.1016/j.chaos.2021.111243.

[23] N. Ahmed, “Recurrence of Space-Time Events,” J. Mod. Phys., vol. 06, no. 13, pp. 1793~
1797, 2015, doi: 10.4236/jmp.2015.613182.

[24] A. ]J. Rodgers, A. Pitarka, N. A. Petersson, B. Sjogreen, and D. B. McCallen, “Broadband
(0-4 Hz) Ground Motions for a Magnitude 7.0 Hayward Fault Earthquake With Three-
Dimensional Structure and Topography,” Geophys. Res. Lett., vol. 45, no. 2, pp. 739-747,
2018, doi: 10.1002/2017GL076505.

[25] T. Omi, I. Kanter, and S. Shinomoto, “Optimal observation time window for forecastin
P &
the next earthquake,” Phys. Rev. E - Stat. Nonlinear, Soft Matter Phys., vol. 83, no. 026101,
pp- 1-5, 2011, doi: 10.1103 / PhysRevE.83.026101.

152



