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ABSTRACT

Article History: Tectonic earthquakes are natural disasters that occur abruptly over a relatively short period,
Received: 27" November 2024 resulting from the movement of tectonic plates. The Maluku region is classified as prone to
Revised: 14" February 2025 seismic activity due to its geographical location at the confluence of three tectonic plates:
Accepted: 16" April 2025 the Eurasian, Pacific, and Indo-Australian. This study aims to analyze the seismic activity
Published: 1 July 2025 of earthquakes in the Maluku region and its surrounding areas. The methodology employed

is based on Descriptive Statistics and Maximum Likelihood Estimation. The data set was
obtained from the International Seismological Centre (ISC) and comprises earthquakes
occurring in the Maluku region and surrounding areas between 1970-2023. The earthquakes
were selected based on the criteria of magnitude > 3.8 Mw and depth < 60 km. The research
was facilitated by using various software applications, including Microsoft Excel, SPSS,

Keywords:

Descriptive statistics,

Estimation Method; Matlab, GMT, and Z-map. Descriptive statistics were employed to analyze the hypocenter
Maluku Reglon; and epicenter of the earthquake distribution. In contrast, the maximum likelihood method
Return period: was employed to ascertain the seismicity value and earthquake return period. The findings

Seismicity Index;

indicate that the earthquake distribution is relatively dense, except in certain regions within
Tectonic earthquakes.

the sea area. The results of the seismicity analysis demonstrate that Sub-region I exhibits
the highest level of seismic activity. At the same time, the shortest return period is observed
at a magnitude of 3.0 Mw, specifically within Sub-region I.
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1. INTRODUCTION

Indonesia is one of the countries most prone to seismic activity, as it sits at the convergence of three
major tectonic plates: the Eurasian, Indo-Australian, and Pacific. Maluku Province and its surrounding areas
are particularly prone to tectonic earthquakes [1], 2], [3], [4].

The earthquake and tsunami that occurred in Maluku Province and its surroundings was the Ambon
earthquake on October 8, 1950. The earthquake had a magnitude of 7.3 Mw and a hypocenter depth of 20 km
[5]. On September 11, 2008, a magnitude 7.2 earthquake struck Halmahera Island, North Maluku Province.
The epicenter was located at coordinates 1.88 LU and 127.27 BT, with a depth of 10 km due to fault activity
in the East Maluku Sea. The earthquake was felt in several areas of North Sulawesi Province and as far away
as the Philippines [6]. On July 7, 2019, an earthquake occurred on Halmahera Island, North Maluku Province.
According to the Meteorology, Climatology and Geophysics Agency (BMKG) Jakarta, this earthquake had
a magnitude of 7.0 Mw with a depth of 36 km. On September 26, 2019, a magnitude 6.6 Mw earthquake
struck Ambon Island, causing casualties and infrastructure damage [7].

This vulnerability is a consequence of Maluku and its surroundings sitting on 3 major plates, resulting
in the formation of a complicated geological order [8], [9]. Part of this region is the Eurasian plate, which
moves relatively southeast and interacts with the Indo-Australian plate, which moves relatively north, and
the Pacific plate, which moves relatively west. The convergence of the 3 tectonic plates gives rise to the
formation of a trough, which is known as a subduction zone. The collision created faults in the Maluku
Province and the surrounding areas in the west-east, northwest-southeast, north-south, and southwest-
northeast directions. Faults linked to earthquake sources are active faults. Earthquakes whose sources are on
land due to active faults, despite the relatively low amplitude, are highly probable to cause disasters—high-
pressure faulting results in a high seismicity index [9].

Related to this, this research will focus on the characteristics and activation level of earthquakes in
Maluku Province and its surroundings with the Descriptive Statistical Method approach [10], [11] and the
Maximum Likelihood Method [12], [13], [14], [15].

2. RESEARCH METHODS

The research was conducted using two statistical methods: the Descriptive Statistics Method and the
Maximum Likelihood Estimation Method. The research area was divided into three Sub-regions (SR).
Observations were conducted on each SR. The Descriptive Statistics Method was employed to examine
earthquake characteristics in each SR concerning earthquake distribution (epicenter) and depth (hypocenter).
Additionally, earthquakes were classified into several magnitude and depth groups, which were then applied
to each SR to determine the pattern of magnitude distribution and the predominant depth in each SR.
Calculating seismicity value and earthquake return period utilized the maximum likelihood estimation
method.

2.1 Descriptive Statistics

Descriptive statistics is a statistical method that aims to describe all research data by summarizing or
presenting it without concluding. In descriptive statistics, data description can be achieved by examining
various data set characteristics, including the total number of observations (N), the minimum and maximum
values, the mean, the standard deviation, the kurtosis, the skewness, etc [16].

This study employs two variables: magnitude and depth. The number of earthquake data obtained was
9.447, with minimum and maximum values determined by examining the lowest and highest values within
the data set. Furthermore, the mean value is calculated by summing up all data values and dividing them by
the total data. The standard deviation represents the degree of variation in the data set [17].

Skewness is a deviation from the symmetry of a distribution. If the frequency curve is skewed to the
right, it is called positive skewness (> 0). Meanwhile, if the curve slopes to the left, it is called a negative
slope or negative skewness (<0) [18].

Kurtosis is the degree of height of a distribution. A curve is called normal (mesokurtic) if the graph is
not too pointed and flat and has a value equal to 3. A curve is called leptokurtic if the shape of the peak of
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the curve is pointed and has a value K > 3. At the same time, a curve is called platykurtic if the shape of the
peak of the curve is flat and has a value of K <3 [18].

2.2 The Momen Magnitude Scale

There are a number of different scales used to measure earthquake magnitude. This includes local
magnitude (M;), surface-wave (Ms), body-wave magnitude (Mb), and moment magnitude (Mw). The Mw
scale is an earthquake magnitude measurement scale that produces reliable measurement results. This is
because the Mw scale measurement does not experience saturation or the tendency of a saturated or constant
magnitude calculation [19].

Earthquake data obtained in several different scales will be converted to the same scale before being
applied to the research. In this research, the Mw scale will be utilized. Therefore, by referring to the rules of
the National Earthquake Center (PuSGeN), the magnitude scale will be converted to the Mw scale through
Equation (1), Equation (2), and Equation (3) [10].

a. Convert Mb to Mw (3.7 < Mb < 8.2)

Mw = 1.0107Mb + 0.0801 )
b. Convert Ms to Mw (2.8 < Ms < 6.1)

Mw = 0.6016Ms + 2.476 )
c. Convert Ms to Mw (6.2 < Ms < 8.7)

Mw = 0.9239Ms + 0.5671 3)

2.3 The a-value and b-value

Seismotectonic parameters can be known through Frequency Magnitude Distribution (FMD) based on
the Gutenberg-Richer Equation through Equation (4) [20].

LogN(M) = a — bM 4)

with N (M) is the cumulative number of earthquakes, a describes the seismic parameter constant, and b is the
slope that describes the parameter constant, and M is the magnitude value [20].

The a — value describes the level of seismic activity in the research area, with the amount of seismicity
depending on the area and period of study. The larger a — value, the higher the seismic activity in the area.
While b — value explaining the tectonics in an area whose value depends on the nature of the local rocks. It
generally b — value has a value close to 1 which indicates the degree of brittleness of the rock. The larger
b — value, the higher the brittleness of rock in the area. The magnitude can be estimated using the Maximum
Likelihood Method through Equation (5) [20].

loge

b=, )

with M is the average magnitude, and M, is the smallest magnitude. While @ — value it can be obtained
using Equation (6) [20].

a = logN +log(b1n10) + M,b, (6)

2.4 The Seismicity Index and Earthquake Return Period

The seismicity index (SI) is a measure of the total number of earthquake events that occur within a
one-year with a magnitude (M) greater than the minimum magnitude (M,). By using the estimated values of
@ — value and b — value, the SI can be calculated using Equation (7) [21].

NM = M,) = 1Od—log(51n 10)-log At—bM, (7)



2182 Wattimanela, et al. ANALYSIS OF EARTHQUAKE SEISMICITY IN MALUKU PROVINCE AND ITS ...

with t is the time of year of observation. Furthermore, the return period of an earthquake depends on its SI.
The higher the SI, the lower the earthquake return period. The earthquake return period can be calculated
using Equation (8) [22].

1

O(M = M,) = —N(M > M) (8)

3. RESULTS AND DISCUSSION

3.1 Research Location and Data

This research is located in the Maluku region and its surroundings, which are bounded by -2.62755°S
- -8.61632°N and 124.86531°E — 135.09992°E. Then, the location of this research is divided into three SR,
SR I, SR 11, and SR III.
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Figure 1. Map of the Location and Distribution of Earthquakes in the Maluku Region and Its Surroundings
(a) Research Location Map, (b) Map of Earthquake Distribution in Maluku Province and Its Surroundings, (c)
Distribution of Tectonic Earthquakes in 3 SR

The data used are tectonic earthquake data from 1970-2023 in Maluku Province and surrounding areas
with magnitude M > 3 Mw and depth D < 60 km. This data is sourced from BMKG Indonesia and the
International Seismological Center (ISC) catalog.

The research area is located in Maluku Province and its surroundings (Figure 1 (a)). Earthquakes that
occurred during 1970-2023 were detected at epicenter points within the research area (Figure 1 (b)). Overall,
the pattern of earthquake distribution in Maluku Province and its surroundings shows that the areas with the
highest earthquake frequency are in the Central Maluku region, including Seram Island and its surroundings,
Buru Island, North Maluku, especially in Halmahera Island, and the Banda Sea. The density of epicenters
indicates a very high earthquake frequency. Furthermore, it can be seen that the distribution of infrequent
earthquakes is in the Southeast Maluku region, Saumlaki, Aru Islands, and parts of the West Papua Region,
especially the Fakfak area. However, seismic activity in the Fakfak and Aru Islands is relatively lower
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(Figure 1 (b)). Furthermore, the earthquakes in the 3 SR show the most earthquake distribution in SR I, while
the least earthquake distribution points are in SR III (Figure 1 (¢)).

3.2 The Earthquake Characteristics

Based on earthquake events in Maluku Province and its surroundings in 1970-2023, it is known that
9,477 earthquakes occurred with magnitudes M > 3.8 Mw and depths D < 60 km. The following table shows
the descriptive statistics of the depth and magnitude data for the entire SR (Table 1).

Table 1. Descriptive Statistics of Earthquake Data from 1970-2023 in 3 Maluku SR and Surrounding Areas
with Criteria of Magnitude > 3.8 Mw and Depth < 60 Km

Sub Region N Variable Min Max Mean SD Skew Kurt
Depth 0.2000  59.8000 28.8061 10.4149 -0.3720  -0.0570

! 4,278 Magnitude 3.8000  6.7000  4.3880  0.4923 1.0370 0.7840
1 3115 Depth 3.8000 59.9000 31.0136 12.7858 -0.2950  -0.5640

’ Magnitude 3.8000  6.8000  4.4459  0.5234  0.9840 0.6730
I 2,054 Depth 6.4000 59.5000 25.6511 9.0349  -0.0560  -0.2820

Magnitude  3.8000 6.9000 44138  0.5125 1.0910 1.1150

Earthquake depth data at SR II has a higher Standard Deviation (SD) than SR I and SR III, which is
12.7858 (Table 1). meaning the earthquake depth data in SR II shows a broader range of variance than SR 1
and SR III. Furthermore, the skewness value of earthquake depth data in SR I, SR II, and SR III shows a
negative value (S < 0), indicating that the tail of the data distribution point is more skewed to the left. Then,
the kurtosis value in SR I, SR 11, and SR III is K < 3, indicating that the data distribution center has a flatter
peak.

On the other hand, the earthquake magnitude data in SR II has a higher SD than SR I and SR III, which
is 0.5125 (Table 1), meaning that the earthquake magnitude data in SR II has a wider range of variation
compared to the magnitude data in SR I and SR II. Furthermore, the skewness of earthquake magnitude data
in SR I, SR II, and SR III shows a positive value (S > 0), indicating that the tail of the data distribution point
is more skewed to the right. Then, the kurtosis value in SR I, SR II, and SR III has a value of K < 3, indicating
that the data distribution center has a flatter peak.

Furthermore, the frequency of earthquake occurrence based on magnitude in Maluku Province and its
surroundings in 1970-2023 with magnitude M > 3.8 Mw and depth D < 60 km in 3 SR will be examined
(Figure 2).

The pink, blue, and green diagrams show the frequency of earthquakes in SR I, SR II, and SR III,
respectively (Figure 2). In SR I, the highest frequency of earthquakes occurred in the magnitude range of 4
<M <5 Mw, with a total of 2,831 events. Meanwhile, earthquakes with a magnitude of M > 6 Mw had the
smallest number of 29 earthquake events. In SR II, the highest frequency of earthquakes occurred in the
magnitude range of 4 < M < 5 Mw, with a total of 2,050 events. Meanwhile, earthquakes with a magnitude
M > 6 Mw had the smallest number, with 32 events. In SR III, the highest frequency of earthquakes occurred
in the magnitude range of 4 < M < 5 Mw, totaling 1,346 events. Meanwhile, earthquakes with magnitude M
> 6 Mw had the smallest number of 21 events.
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Figure 2. Number of Earthquake Events by Magnitude in Maluku and Surrounding Areas with Criteria of
Magnitude M > 3.8 Mw and Depth D <60 Km in SR I, II, and III
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Furthermore, the frequency of earthquake occurrence based on depth in Maluku Province and its
surroundings in 1970-2023 with magnitude M > 3.8 Mw and depth D < 60 km in 3 SR will be reviewed
(Figure 3).
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Figure 3. Number of Earthquake Events by Depth in Maluku and surrounding areas with criteria of
Magnitude M > 3.8 Mw and Depth D <60 Km in SR I, I1, and III
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The pink, blue, and green diagrams show the frequency of earthquakes in SR I, SR II, and SR III,
respectively (Figure 3). SR I shows that the depth range of 15 < D < 45 km has the highest frequency of
earthquake events, totaling 3,409 earthquake events. Meanwhile, the km depth range has the least frequency
of earthquake events, which is 170 events. SR II shows that the depth range of 15 < D <45 km has the highest
frequency of earthquake events, totaling 2,066 earthquake events. Meanwhile, the D > 45 km depth range has
the least frequency of earthquake events, which is 436 events. Furthermore, SR III shows that the depth range
of 15 < D < 45 km has the highest frequency of earthquake events, totaling 1,706 earthquake events.
Meanwhile, the D > 45 km depth range has the least frequency of earthquake events, which is 37 events.

Furthermore, the characteristics of earthquakes in the Maluku region and its surroundings in 1970-
2023 will be reviewed based on the depth of the earthquake hypocenter (Figure 4).
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Figure 4. Distribution of Earthquakes in 3 SR by Depth

The graph of the distribution of earthquakes based on the depth of the earthquake hypocenter in the 3
SR shows that areas with a higher frequency of earthquake occurrence are found in the depth range of 10-55
km below sea level. Meanwhile, the depth range of 0—9 km and the depth range of 56—60 km are the areas
with the least frequency of earthquake occurrence (Figure 4).
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3.3 Calculation and Mapping Value of @ and b

Based on the data of earthquake events in Maluku Province and its surroundings from 1970 to 2023,
using Equation (5) and Equation (6), the values of @ and b for the 3 SR are presented in Table 2.

Table 2. Parameter Value of @-value and b-value in 3 SR

. Parameter/Value
Sub Region ~ =
a b
I 6.6686 0.7386
11 6.2384 0.6724
111 6.2133 0.7076

The values of G-value obtained are in the range of 6.2133 — 6.6686, with the maximum a-value being

in SR I and the minimum being in SR III. The obtained h-value is in the range of 0.6724 — 0.7386, with the
maximum being in SR I and the minimum being in SR II (Table 2). Based on the calculations in Table 2, the

maximum and minimum value of @ and b can be visualized through the graph (Figure 5).
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Figure 5. Graph Value in 3 SR of (a) b — value, (b) @ — value

The h-value mapping is done to identify areas with high rock fragility, while the d-value mapping is
done to identify areas with high seismic activity. To determine the areas with high rock fragility, mapping
for b-value was done with the help of Matlab and Zmap applications (Figure 6).
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The b — value on SR I, which ranges from 0.42 — 2.0, with the highest values located around West
Seram Regency (WSR), Central Maluku Regency (CMR), and East Seram Regency (ESR) (Figure 6 (a)).
Furthermore, the b — value on SR II which ranges from 0.54 — 1.62 with the highest values mostly in the
Banda Sea (BS) area (Figure 6 (b)). Meanwhile, the b — value on SR III ranging from 0.55 — 1.65, with the
highest values around Kaimana Regency (KR), Southeast Maluku Regency (SMR), and parts of the Arafura
Sea (FS) area (Figure 6 (¢)).

Then, the areas with high levels of seismic activity, can be seen in the following d-value map (Figure

7).
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Figure 7. The Map of @ — value on (a) SR 1, (b) SR I, (c) SR IIT

The @ — value on SR I which ranges from 3.4 — 11.8 with the highest values located around WSR,
CMR, and ESR (Figure 7 (a)). Furthermore, the b — value on SR II which ranges from 4.1 - 10.1 with the

highest values mostly in the BS area (Figure 7 (b)). Meanwhile, the b — value on Sub-region III which ranges
from 3.7 — 9.7 with the highest values around KR (West Papua), SMR, and partly in the AS sea area (Figure

7 (0)).

3.4 Analysis of Frequency-Magnitude Relationship

Frequency-magnitude relationship analysis helps in evaluating the level of seismic activity of a region
by looking at the frequency distribution of earthquakes based on their magnitude. The frequency-magnitude
relationship can be seen in the Magnitude of Completeness (Mc) value graph obtained with the help of Matlab
and Zmap applications. Mc is the most frequent earthquake within a certain range of events in a region. The
frequency-magnitude relationship can be seen in the graph of the Mc value (Figure 8).
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Figure 8. The Graph of Mc Value on (a) SR I, (b) SR II, (c) SR III

The Mc value graphs for SR I and II show that the relationship between the number of earthquake
events and magnitude is inversely proportional, where the greater the earthquake magnitude, the smaller the
number of earthquake events that occur (Figure 8). The Mc value in SR I is 5.2 Mw, which means that the
number of earthquake events with a magnitude of M > 5.2 Mw will decrease (Figure 8 (a)). In SR I, the Mc
value is 4.9 Mw, which indicates that the occurrence of earthquakes with a magnitude of M > 4.9 Mw will
decrease (Figure 8 (b)). Meanwhile, the Mc value graph for SR III shows the relationship between the number
of earthquake events and the magnitude, which is inversely proportional (Figure 8 (c)). The Mc value in SR
[T is 5.1 Mw, which means that the occurrence of earthquakes with a magnitude of M > 5.1 Mw will decrease.

3.5 Calculation of Seismicity Index and Earthquake Return Period

By using the values of @ and b, and using Equation (7), the seismicity index values for the 3 SR are
obtained (Table 3).

Table 3. Seismicity Index Value in 3 SR

Seismicity Index

Sub Region
M=3,0 M=>40 M=5,0 M=>6,0
I 308.8385 56.3801 10.2925 1.8789
I 199.0583 42.3239 8.9989 1.9134
I 140.0407 27.4596 5.3844 1.0558

The seismicity index value in SR I with M > 3.0 is 308.8385, which indicates that there is a possibility
of an earthquake occurring 309 times, M > 4.0 as many as 56 times, M > 5.0 as many as 10 times, and M >
6.0 as many as 2 times (Table 3). In SR II with M > 3.0 as many as 199 times, M > 4.0 as many as 42 times,
M > 5.0 as many as 9 times, and M > 6.0 as many as 2 times. In SR III with M > 3.0 as many as 140 times,
M > 4.0 as many as 27 times, M > 5.0 as many as 5 times, and M > 6.0 as much as 1 (one) time.
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Furthermore, the earthquake return period for each SR can be calculated using Equation (8) and
obtained the earthquake return period time (Table 4).

Table 4. Earthquake Return Period Time in 3 SR

The return period of the Earthquake (Year)

Sub Region
M=30 M=40 M=5,0 M=6,0
I 0.0032 0.0177 0.0972 0.5322
I 0.0050 0.0236 0.1111 0.5226
I 0.0071 0.0364 0.1857 0.9472

The return period time in SR I with M > 3.0 is 0.0032 years or about 1 day, M > 4.0 about 6 days, M
> 5.0 about 35 days, and M > 6.0 about 194 days (Table 4). In SR II with M > 3.0 about 2 days, M > 4.0 about
9 days, M > 5.0 about 41 days, and M > 6.0 about 191 days. In SR III with M > 3.0 about 3 days, M > 4.0
about 13 days, M > 5.0 about 68 days, and M > 6.0 about 346 days.

4. CONCLUSIONS

According to the results of the research and analysis, the conclusions of this research are: (1) The
characteristics of earthquakes in Maluku Province and its surroundings based on magnitude for the whole
region show that earthquakes occur more in the magnitude range of 4 < M < 5 Mw, and the least frequent in
the magnitude range of M > 6 Mw. Meanwhile, based on depth, earthquakes in Maluku Province and its
surroundings more often occur at a depth of 30 < D <45 km, and the least frequent earthquakes occur in the
depth range D > 45 km. Based on the 3 SR, earthquakes in Maluku Province based on magnitude and depth
occur more frequently in SR I and least frequently in SR III. (2) The overall seismic activity level for Maluku
Province and its surrounding areas is 0.7238. Meanwhile, the level of brittleness of rock is 6.9477. Based on
3 SR, the highest level of seismic activity is in SR I, and the lowest is in SR II, while the highest level of
brittleness of rock is in SR I, and the lowest is in SR III. (3) The time of the earthquake return period in
Maluku Province and its surroundings, the fastest return period at M > 3.0. At the same time, the most
extended period is at M > 6.0. The earthquake return period is 3 SR, with the fastest return period time being
in SR I and the longest return period time being in SR III.

REFERENCE

[1] P. A. Kabana, R. Kurniawan, R. E. Caraka, B. Pardamean, B. Yuniarto, and Sukim, “BICLUSTERING METHOD TO
CAPTURE THE SPATIAL PATTERN AND TO IDENTIFY THE CAUSES OF SOCIAL VULNERABILITY IN
INDONESIA : A NEW RECOMMENDATION FOR DISASTER MITIGATION POLICY,” ScienceDirect, pp. 31-37,
2019.doi: https://doi.org/10.1016/j.procs.2019.08.138

[2] H. Z. Abidin, H. Andreas, T. Kato, and T. Ito, “CRUSTAL DEFORMATION STUDIES IN JAVA (INDONESIA) USING
GPS,” J. Earthq. Tsunami, vol. 3, no. 2, pp. 77-88, 2009.doi: https://doi.org/10.1142/S1793431109000445

[3] C. DeMets, R. G. Gordon, and D. F. Argus, “GEOLOGICALLY CURRENT PLATE MOTIONS,” Geophys. J. Int., vol.
181, no. 1, pp. 1-80, 2010.doi: https://doi.org/10.1111/j.1365-246X.2009.04491.x

[4] P. Tregoning et al., “FIRST GEODETIC MEASUREMENT OF CONVERGENCE ACROSS THE JAVA TRENCH,”
Geophys. Res. Lett, vol. 21, no. 19, pp. 2135-2138, 1994.doi: https://doi.org/10.1029/94GL01856

[5] H. Latief et al., AIR TURUN NAIK DI TIGA NEGERI MENGINGAT TSUNAMI AMBON 1950. 2016.

[6] R. A. Prayoga, Sunaryo, and Sulastri, “PETA BAHAYA GEMPA BUMI MALUKU UTARA BERDASARKAN GEMPA
BUMI HALMAHERA, 11 SEPTEMBER 2008 MAGNITUDO 7,6,” Pros. Semin. Nas. Fis., vol. 8,2019.

[7] V. N. Islamiati, S. Supardiono, Y. H. Perdana, and A. R. Setyahagi, “ANALISIS PELURUHAN GEMPA BUMI SUSULAN
DI AMBON TAHUN 2019 DENGAN PENDEKATAN STATISTIK MENGGUNAKAN SOFTWARE PELURUHAN
V2.0,” J. Inov. Fis. Indones., vol. 9, pp. 163—172, 2020.doi: https://doi.org/10.26740/ifi.vOn2.p163-172

[8] A. J. Meltzner, K. Sieh, H.-W. Chiang, and C.-C. Wu, “TIME-VARYING INTERSEISMIC STRAIN RATES AND
SIMILAR SEISMIC RUPTURES ON THE NIASE SIMEULUE PATCH OF THE SUNDA MEGATHRUST,” Quat. Sci.
Rev., vol. 122, pp. 258-281, 2015.doi: https://doi.org/10.1016/j.quascirev.2015.06.003

[9] E. Luschen et al., “STRUCTURE, EVOLUTION, AND TECTONIC ACTIVITY OF THE EASTERN SUNDA FOREARC,
INDONESIA, FROM MARINE SEISMIC INVESTIGATIONS,” Tectonophysics, vol. 508, pp. 6-21, 2010.doi:
https://doi.org/10.1016/].tect0.2010.06.008

[10] PuSGeN, PETA SUMBER DAN BAHAYA GEMPA INDONESIA TAHUN 2017. Jakarta, 2017.

[11] M. A. Jafari, “STATISTICAL PREDICTION OF THE NEXT GREAT EARTHQUAKE AROUND TEHRAN, IRAN,” J.



https://doi.org/10.1016/j.procs.2019.08.138
https://doi.org/10.1142/S1793431109000445
https://doi.org/10.1111/j.1365-246X.2009.04491.x
https://doi.org/10.1029/94GL01856
https://doi.org/10.26740/ifi.v9n2.p163-172
https://doi.org/10.1016/j.quascirev.2015.06.003
https://doi.org/10.1016/j.tecto.2010.06.008

BAREKENG: J. Math. & App., vol. 19(3), pp. 2179- 2190, September, 2025 2189

[12]
[13]
[14]
[13]
[16]
[17]
(18]
[19]
[20]
[21]

[22]

Geodyn., vol. 49, no. 1, pp. 14-18, 2010.doi: https://doi.org/10.1016/j.j0g.2009.07.002

K. Kladiyko and T. Rusy, “MAXIMUM LIKELIHOOD ESTIMATION OF THE HULL-WHITE MODEL,” J. Empir.
Financ., vol. 70, pp. 227-247, 2022.doi: https://doi.org/10.1016/j.jempfin.2022.12.002

R. V. Hogg, J. W. McKean, and A. T. Craig, INTRODUCTION TO MATHEMATICAL STATISTICS, 6th ed. United States
of America: Pearson Prentice Hall, 2005.

F. Liu, “A comparison Between Multivariate Linear Model And Maximum Likelihood Estimation For The Prediction Of
Elemental Composition Of Coal Using Proximate Analysis,” Results Eng., vol. 13, pp. 1-9, 2022.doi:
https://doi.org/10.1016/j.rineng.2022.100338

1. Miller, M. Miller, and E. John, MATHEMATICAL STATISTICS, 6th ed. New York: Macmillan Publishing Company, 2002.
T. Hidayanti, I. Handayani, and 1. H. Ikasari, STATISTIK DASAR (PANDUAN BAGI DOSEN DAN MAHASISWA), 1st ed.
Purwokerto: CV. Pena Persada, 2019.

S. Febriani, “ANALISIS DESKRIPTIF STANDAR DEVIASI,” J. Pendidik. Tambusai, vol. 6, no. 1, pp. 910-913, 2022.doi:
https://doi.org/10.26877/kaloka.v1i2.13524s

Nurlina, “PENENTUAN MEAN, VARIANSI, SKEWNESS DAN KURTOSIS DARI DISTRIBUSI GAMMA DAN
WEIBULL DENGAN MENGGUNAKAN MOMEN PERTAMA HINGGA MOMEN KEEMPAT,” Makassar, 2013.

D. Kiswiranti, SEISMOLOGI (DASAR-DASAR SEISMOLOGI DAN APLIKASINYA). Yogyakarta, 2019.

Y. Prananda, “ANALISIS DISTRIBUSI SPASIAL DAN TEMPORAL PARAMETER SEISMOTEKTONIK WILAYAH
JAWA BARAT DAN BANTEN BERDASARKAN A-VALUE DAN B-VALUE PERIODE 1971-2021,” Bul. Meteorol.
Klimatologi dan Geofis., vol. 2, no. 3, pp. 24-34, 2022.

D. Gunarsih, M. A. Akbar, and L. F. Rahmatillah, “ANALISIS SEISMISITAS WILAYAH ACEH PASCA GEMPA 26
DESEMBER 2004,” J. Penelit. Multidisiplin, vol. 1, no. 6, pp. 433-438, 2023.doi: https://doi.org/10.55681/armada.v1i6.579
E. Lusiani, S. Anwar, and M. F. Nugraha, “PENENTUAN TINGKAT SEISMISITAS WILAYAH PROPINSI ACEH
DENGAN METODE GUTENBERG RICHER (NILAI A DAN NILAI B),” J. Meteorol. DAN Geofis., vol. 19, no. 2, pp.
71-79, 2018.doiL https://doi.org/10.31172/jmg.v19i2.536



https://doi.org/10.1016/j.jog.2009.07.002
https://doi.org/10.1016/j.jempfin.2022.12.002
https://doi.org/10.1016/j.rineng.2022.100338
https://doi.org/10.26877/kaloka.v1i2.13524
https://doi.org/10.55681/armada.v1i6.579
https://doi.org/10.31172/jmg.v19i2.536

2190 Wattimanela, et al. ANALYSIS OF EARTHQUAKE SEISMICITY IN MALUKU PROVINCE AND ITS ...



	ANALYSIS OF EARTHQUAKE SEISMICITY IN MALUKU PROVINCE AND ITS SURROUNDING AREAS USING THE MAXIMUM LIKELIHOOD ESTIMATION METHOD
	ABSTRACT
	1. INTRODUCTION
	2. RESEARCH METHODS
	2.1 Descriptive Statistics
	2.2 The Momen Magnitude Scale
	2.3 The a-value and b-value
	2.4 The Seismicity Index and Earthquake Return Period

	3. RESULTS AND DISCUSSION
	3.1 Research Location and Data
	3.2 The Earthquake Characteristics
	3.3 Calculation and Mapping Value of ,𝒂.  and ,𝒃.
	3.4 Analysis of Frequency-Magnitude Relationship
	3.5 Calculation of Seismicity Index and Earthquake Return Period

	4. CONCLUSIONS
	REFERENCE

