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ABSTRACT: As the highest population density area in Indonesia which experienced tsunami-earthquakes in 

1921 (Mw7.6), 1994 (Mw7.6), and 2006 (Mw7.7), the Java region has the threat of seismic activities, which 

could inflict great losses. Several seismic hazard studies have been carried out, but essential parameters have 

not been explicitly identified, and data on earthquake return periods remain limited. This study addresses such 

issues by identifying the seismic properties, including the seismic activity (a-value), frequency magnitude 

distribution related to the tectonic parameter (b-value), fractal dimension (D), and maximum magnitude 

(Mmax) of the subduction zone along the Java Island. The earthquake data used are those from 1906 to 2020. 

The research started with the processing of earthquake data, continued by determining the a-b values of 

Gutenberg-Richter relation using the maximum likelihood method. The fractal dimensions were estimated 

based on the fracture distance and the maximum magnitudes were calculated using some return period 

scenarios. Our results show that low seismic activity levels are relatively consistent with a low b-value pattern. 

The lowest b-values are in the south coast of West Java and the south coast of Central-East Java. Based on the 

fractal dimension analysis, the interplate zones have a more complex fault geometry than intraplate ones. The 

maximum earthquake magnitude estimation of each subduction segment is presented and discussed 

comprehensively in this paper. These findings will redound to the benefit of earthquake and tsunami disaster 

mitigation and earthquake modeling efforts for future seismic hazard studies. 
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1. INTRODUCTION 

 

Geographically, Java Island is located in the 

subduction zone (collision) between the Indo-

Australian and Eurasian tectonic plates. The Indo-

Australian plate moves northward and sinks under 

the Eurasian tectonic plate, forming a subduction 

zone in the south of Java Island. The plate motion 

speed in the western region of northern and central 

Sumatra ranges from 52 to 57 mm/yr and the 

movement in the western region of South Sumatra 

is around 60 mm/yr. Meanwhile, the speed of plate 

movement in the south of Java is around 80 mm/yr 

[1]. At the Central Java trench, the subduction zone 

strike is relatively perpendicular with the plate 

motion direction [2]. The length of Sunda trench 

along Sumatra and Java Island, the high rate of plate 

convergence, and the high deficit rate in several 

areas in the south of Java that trigger energy 

accumulation underlie many scientists to argue that 

potentially powerful earthquake and tsunami would 

affect this region. Becoming one of the world’s 

most densely populated areas, Java Island and its 

surroundings face a threat of seismic activities 

which can cause significant losses. The large 

earthquakes with magnitude greater than Mw 7.0, 

including tsunami-earthquakes in 1921 (Mw 7.6), 

1994 (Mw 7.6), 2006 (Mw 7.7), and 2009 (Mw 7.3) 

that have occurred along the Java subduction are 

presented in Table 1. 
 

Table 1 Earthquake in Java with magnitude of Mw > 7.0 and its impact [3-7] 
 

Year 
Magnitude 

(Mw) 

Impact Tsunami 

(height) killed missing injured building damage 

2009 7.3 111 27 1,297 25,000 1 m 
2006 7.7 637 164 9,245 1,623 5-8 m 

1994 7.6 429 30 723 2,025 13.9 m 
1943 7.1 213 - 2,096 2,800 - 
1926 7.1 NA NA NA NA - 
1921 7.6 NA NA NA NA 10 cm 

NA: Not Available 
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Fig.1 The oceanic crustal age [8,9]. (a) Seafloor age global map generated using the Generic Mapping Tools; 

(b) Seafloor age in south of Java and east-north side of Japan (zoomed-in) 

 

Learning from the major earthquake 

experienced by Japan in 2011, the seafloor of 

eastern Japan (B area) which is slightly older than 

that of southern Java (A area) shown in Fig.1 [8] 

was able to produce an earthquake with magnitude 

of M9.0 on March 11, 2011, in the Tohuku region. 

The surface energy of the earthquake was two times 

higher than the energy of the 2004 tsunami in Aceh, 

Indonesia, which reached 1.9 ± 0.5 × 1017J [10]. The 

terrible tsunami attacking Tohuku reached a height 

of more than 39 m and left more than 24 thousand 

people missing or dead [11].  

Several studies related to tsunami wave 

modeling with the certain earthquake scenarios for 

the south Java coastal area have been created. 

Hartoko et al. [12] generated spatial tsunami wave 

modeling with earthquake scenarios of M8.4, M7.9, 

and M7.0 for the south of West Java (Serang), south 

of Central Java (Bantul), and south of East Java 

(Banyuwangi), respectively. Based on the model 

constructed for the three coastal areas in south of 

Java, two tsunami waves can reach a height of 2 to 

8 m with an interval of about 30 minutes. In addition, 

the result also stated that a 2-m wave will hit the 

coastal area after 60 minutes of travel time. 

Meanwhile, Widiyantoro et al. [13] modeled 

tsunami waves using the worst-case scenario of 

subduction earthquakes, in which two segments of 

megathrust along the Java region simultaneously 

rupture. The results show that the earthquake 

scenario can trigger ~ 20 m and ~ 12 m tsunami 

waves on the south coast of West and East Java, 

respectively. In the previous studies, the essential 

seismic parameters have not been explicitly 

identified, and data on earthquake return periods 

remain limited. This study addresses such gaps by 

identifying the seismic properties, including the 

seismic activity (a-value), size distribution (b-

value), fractal dimension (D), and maximum 

magnitude (Mmax) of the subduction zone along 

the Java Island as an effort to conduct earthquake 

and tsunami disaster mitigation. 

 

2. RESEARCH SIGNIFICANCE 
 

The findings of this study will contribute to the 

earthquake-tsunami disaster mitigation and 

earthquake modeling efforts for future seismic 

hazard studies. Seismic activity rate and frequency-

magnitude distribution investigated related to the 

tectonic condition (a-value and b-value) can be used 

as the main parameters for conducting the seismic 

hazard analysis. In addition, the estimated 

maximum magnitude (Mmax) of each segment can 

be used as a reference for the tsunami and seismic 

hazard probabilistic modeling influenced by the 

subduction earthquake sources in Java and its 

vicinity. This study also presented the seismic gaps 

areas and fault geometry complexity that can be 

considered in the earthquake and tsunami disaster 

mitigation plan. 
 

3. METHODS 
 

3.1 Earthquake Data and Processing 
 

The earthquake data were compiled from the 

Agency of Meteorology, Climatology, and 

Geophysics (BMKG) Indonesia with relocated 

hypocenter data using TeletomoDD method [14]. In 

addition, earthquake data from the International 

Seismological Center (ISC) [15] for historical 

earthquakes occurring in and around Java Island 

were also collected, including the EHB (Engdahl, 

van der Hilst, and Buland) improved earthquake 

data set [16]. From these data sources, a catalog of 

earthquakes from 1906 to September 2020 with 

magnitude of Mw > 4.5 was obtained. The 

earthquake data were then converted into moment 

magnitude (Mw) scale. For this purpose, we 

collected all available earthquake dataset of the 

Indonesia region (1906 to September 2020) to get 

the correlation of body-wave magnitude (mb) and 

surface-wave magnitude (Ms) into Mw. The mb-

Mw dataset (21,853 events) and Ms-Mw dataset 

(13,402 events) compiled were then plotted into the 

graphs, which are presented in Fig.2.  
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Fig.2 Magnitude scale relationships of Indonesia earthquake events dataset. (a) mb-Mw ; (b) Ms-Mw 

 

The conversion for body-wave magnitude (mb) 

and surface-wave magnitude (Ms) of all earthquake 

events in the Indonesian region were determined 

based on three regression models, namely Standard 

Regression (SR), Inverted Standard Regression 

(ISR), and Orthogonal Standard Regression (OSR). 

The accuracy tests for magnitude correlation were 

performed including the R2 test and standard error 

(SE) test. The OSR shows the best-fit relationship 

for the magnitude correlation for mb-Mw and Ms-

Mw to be used in this study. The magnitude 

conversion formula is as follows: 
 

1.0332 0.0834w bM m= −  (1) 

for the magnitude range of 3.2 < mb < 8.2; SE = 

0.238 and R2 = 0.802 

0.6354 2.3115w sM M= +  (2) 

for the magnitude range of 3.1 < Ms < 6.3; SE = 

0.158 and R2 = 0.856 

1.0425 0.2812w sM M= −  (3) 

for the magnitude range of 6.4 < Ms < 8.7; SE = 

0.193 and R2 = 0.849  

 

A number of declustering algorithms were 

developed based on different assumptions and 

recorded data. Five of the most well-known 

declustering algorithms are provided in [17-21]. In 

2019, Teng and Baker [22] evaluated several 

declustering algorithm models for earthquake data 

and applied it to a seismic hazard analysis in two 

cities in the USA. The results show that the Gardner 

and Knopoff and Zhuang methods using the 

epidemic type of aftershock sequence (ETAS) 

[23,24] potentially result in a negligible likelihood 

of massive earthquakes being mainshocks and 

overestimate the effects of foreshock. Their 

observations shed light on both Reasenberg and 

Zaliapin and Ben-Zion declustering algorithms 

provide better results for a seismic hazard analysis. 

In this study, we applied the Reasenberg method for 

declustering the earthquake data which was also 

carried out by [25] for an earthquake analysis in 

East Java, Indonesia. 

 

3.2 The FMD and a-b Parameter 

 

The a and b parameters, commonly known as a-

values and b-values are used to determine the 

seismic activity and frequency-magnitude 

distribution (FMD) in correlation with the tectonic 

conditions of the study area, which become an 

essential parameter in the seismic hazard analysis. 

In this study, we followed the FMD provided by 

Gutenberg and Richter [26] that has been verified 

for global and regional seismicity. The equation is: 
 

log( )N a bM= −    or   MN e −=  (4) 

 

where N describes the cumulative number of 

earthquakes with magnitude equal to or greater than 

M, a and b are constants, indicating the seismicity 

activity and the log-linear relation’s slope, 

respectively, and e is a natural number. We used the 

Maximum Likelihood Method (MLM) as the most 

widely accepted method to calculate the b-value 

given by Utsu [27]: 
 

10

1
log

o

b e
M M

=
−

 (5) 

 

The a-value was estimated using the formula of 

Wekner, 1965 in [28] as follows: 
 

log ( ) log( ln10)o oa N M M b M b=  + +  (6) 

where �̅� denotes the average magnitude and 𝑀𝑜 is 

the minimum magnitude of earthquake data, in 

which we used the magnitude completeness, Mc 

parameter. 

 

3.3 Fractal dimension and maximum magnitude 
 

The fractal dimension (D) in a seismicity study 

can be determined based on the relationship of the 

2

3

4

5

6

7

8

9

10

2 3 4 5 6 7 8 9 10

M
w

mb

Data

SR

ISR

OSR

2

3

4

5

6

7

8

9

10

2 3 4 5 6 7 8 9 10

M
w

Ms

Data

SR

ISR

OSR

a b

                
SE = 0.158;  R2 = 0.856

                
SE = 0.193;  R2 = 0.849

6.3

                
SE = 0.238;  R2 = 0.802

n : 21,853 events n : 13,402 events



International Journal of GEOMATE, Sept., 2021, Vol.21, Issue 85, pp.71-83 

74 

 

linear regression slope between the logarithm of the 

fracture distance (rn) from the earthquake source 

and the logarithm of the integral correlation 

constant C(r) [29]. We calculated the D using that 

correlation which was also used in [5] and [30] as 

follows: 

 

𝐷  lim
𝑟→0

𝐿𝑜𝑔 𝐶(𝑟)

log 𝑟𝑛
  (7) 

 

C(r) is estimated based on a set of points of 

clustering using the following relation: 

 

C(r)  
2

𝑁(𝑁−1)
𝑁(𝑅 < 𝑟) (8) 

 

N(R<r) represents the number of event pairs 

separated by a distance R in a cluster with a distance 

smaller than r. 

Earthquakes occur because of the accumulation 

of pressure, and the process of releasing energy is 

related to time. Consequently, to conduct the 

seismic hazard analysis, the estimation of maximum 

earthquake magnitude must be considered. The 

maximum magnitude (Mmax) for each segment 

was calculated using the following magnitude 

equation of Hanks and Kanamori [31] and Wells 

and Coppersmith [32]: 

 

2M log 10.7
3 oM= −                                      (9) 

 

M 4.07 0.98log A= +  (10) 

 

where A is the area of each segment, and the seismic 

moment, Mo represents the meaningful physical 

relationship between the size of earthquake and 

rupture parameters which is defined as: 

 

  oM D A=  (11) 

 

where μis the shear modulus (3 x 1011 dyne/cm2) 

assumed to be the same for all segments, and D  is 

the average displacement determined from the slip 

rate ( )D  and return period ( )Tr , so then the 

formula becomes: 

 

2M log  (    ) 10.7
3

D Tr A= −                          (12) 

 

4. RESULTS AND DISCUSSION 

 

The earthquake data from the sources mentioned 

in the methods section consist of 8269 events and 

were converted into a magnitude moment scale 

(Mw) using Eq. (1-3). In this study, the declustering 

process employed the Reasenberg method using 

Zmap software [33]. The declustering removed 

1226 earthquake events, resulting in a total of 7043 

events. This new compiled catalog is then plotted in 

Fig.3 based on the depth and magnitude of each 

earthquake event. 

The earthquakes distribute along plate junctions 

had decreased within the year of 2011-2016 but 

risen again after 2017, even until 2020 the trend 

remained significantly upward up to magnitude of 

7.0. Meanwhile, earthquake data obtained before 

1965 were large earthquakes with a magnitude of 

Mw > 5.5. This was because of the limited 

instrument capability to record the earthquake data 

with a smaller magnitude. Even before 1950, the 

recorded earthquakes were those with a magnitude 

greater than Mw 6.0. 

Likewise, the history of the earthquakes with a 

depth of > 100 km can only be recorded after 1960. 

Based on these earthquake distribution data, it can 

be said that the recording of earthquake events is 

getting better after 1965. It can also be seen from 

the figure that shallow earthquakes dominated with 

a depth of <100 km. However, there are only a few 

earthquakes that occur at a depth of 300-500km. 

Besides, several earthquakes recorded up to a depth 

of 600 km. 

The earthquake event plot presented in Fig.3 

also reveals the two densely inhabited earthquake 

epicenter locations (A and B area). In the A area, 

there was an experience of major earthquake in 

2006 with a magnitude of Mw 7.7, while in the B 

area, an earthquake occurred in 1994 (Mw 7.6), 

both of which were followed by a tsunami. On the 

contrary, there are seismic gap areas in the south 

coast of Java and its adjacent regions, which are 

indicated by yellow shaded areas (I, II, and III) 

extending about 385km, 350km, and 270km long, 

respectively.  

In the seismic gap zone II, there is a large 

earthquake occurred in 1921 (Mw 7.6). The 

earthquake in 1921 was in the outer-rise zone, 

which was also followed by a tsunami recorded at 

Cilacap. Some earthquakes occurred in the 

immediate vicinity of the Java trench or commonly 

known as outer-rise earthquakes. Almost all the 

outer-rise earthquakes took place along the 

uppermost part of the subduction interface are 

shallow earthquakes with a depth of not more than 

50km; only a few of them are up to 100km.  

Seismic gap zones I and III, which are 385km 

and 270km long are also essential to be considered, 

especially in the modeling of earthquake and 

tsunami analysis. The existence of these seismic 

gaps indicates the accumulation of earthquake 

energy, thus providing the possibility of large 

earthquakes in the future. Some simulations using 

the worst-case scenarios will be beneficial for 

disaster mitigation efforts.
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Fig.3 Earthquake catalog of Java island and adjacent region period 1906 to September 2020 with magnitude 

Mw>4.5. (a) Epicenter distribution; (b) Earthquake depth by time; (c) Earthquake magnitude by time 

In order to obtain more detailed information 

about the mechanism and characteristics of the 

Indo-Australian plate subduction, which forces the 

Eurasian plate and affects the geological conditions 

of Java Island, we carried out a seismicity cross-

section. A total of 18 cross-sections (CS) were 

created along the Java trench and adjacent regions 

based on the epicenter data mapped to a depth of 

600km. Each cross-section describes the 

distribution of earthquake events, subduction dip 

angle, and earthquake depth per segment, which is 

presented in Fig.4. 

Based on the cross-section results (Fig.4), it is 

found that the subduction dip angle on the southern 

side of South Sumatra (CS 1-4) is more gentle than 

the southern subduction angle in Java Island, which 

is around 12-13o for the interplate zone and 40-42o 

for the intraplate zone. It can also be seen in CS 1-4 

that the earthquakes occurring in the southern part 

of Sumatra are less than 300 km deep. Meanwhile, 

the subduction angle under the island of Java ranges 

from 13o to 14o for the interplate zone and from 43o 

to 47o for the intraplate zone. It can also be seen 

from CS 5-14 that the earthquakes in Java reached 

a depth of up to about 600 km. Deep earthquakes 

began to occur at the location of the Sunda strait to 

the east. This is related to the age of the submerged 

crust under southern Sumatra, which is younger 

than Java (Fig.1). In addition, the seafloor age is 

correspondingly older to the east, leading to a larger 

dipping angle of subduction. This result ties well 

with previous studies wherein the oceanic crust 

under Java is heavier, making it sinks more easily 

[34], indicating that the dip angle of subduction in 

this area is larger than that in the Sumatra trench.  

For Bali and Sumbawa regions, the dip angle of 

the subduction zone is relatively smaller than Java 

but greater than the southern side of South Sumatra, 

which is 42-44o (CS 15-18). Moreover, the depth of 

earthquakes reached up to 600km. The earthquakes 

with a depth of up to 600 km are in the northern 

regions of Central Java, East Java, and Bali-

Sumbawa. 

In investigating the seismic activity rate and 

frequency-magnitude distribution of Gutenberg-

Richter relation, we conducted the calculation of a-

values and b-values in detail using grid cell of 0.1ox 

0.1o using Eq. (4), (5), and (6). These a-values and 

b-values were calculated based on the earthquake 

data from the earthquake catalog between 1906 and 

September 2020. This study used Zmap software to 

compute the spatial variation of a-value and b-value 

for the study area with a constant radius of 100km. 

The spatial variation of a-value and b-value are 

displayed in Fig.5.  

The picture reveals a similar pattern of a-value 

and b-value along the Java trench and the 

surrounding area. The region with a low a-value 

corresponds to a low b-value region. The spatial 

variation of a-value ranges from 5 to 12, while the 

b-values range from 0.7 to 1.8. In general, the a-

values and b-values in the southern part of Sumatra 

are dominated by dark blue color, indicating low a-

values and b-values. In the western part of Java, the 

b-value is around 0.8 to 1.3. There are several points 

with b-value of up to 1.5 in the north-west of Java, 

which is correspondingly smaller to the center 

region and larger to the southern part of Bali-

Sumbawa. The yellow stars marking the large 

earthquakes of Mw > 6.5 are predominantly located 

in relatively low a- and b-value regions. The lower 

b-value indicates the higher stress in an earthquake 

source zone. 
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Fig.4 Cross-section of earthquake distribution along Java and its vicinity 
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Fig.5 Spatial a-value and b-value variation of Java and adjacent region. (a) a-value (b) b-value 

To identify the seismicity of the subduction 

zone in more detail, we developed the segmentation 

model from previous research [35]. In the previous 

research, the subduction zone considered was only 

in the southern part of southern Sumatra to the south 

of Central Java and parts of East Java because the 

research area was taken up to a radius of 500 km 

from the Special Capital Region of Jakarta. In this 

study, the subduction zone along the Java trench 

and adjacent regions was considered. We modeled 

six segments for each interplate and intraplate zone: 

eight segments for Java subduction, two segments 

for the subduction in the south of southern Sumatra, 

and two segments for Bali-Sumbawa. The FMD 

diagram for each segment is shown in Fig.6. 

The figure shows the variation of cumulative 

and noncumulative frequency with earthquake 

magnitude for each subduction segment. The 

complete recording is indicated by magnitude 

completeness, Mc. Most of the segments have a 

value of Mc = 4.7, while the largest Mc value is in 

the IE-6 segment with Mc = 5.1. It is found in the 

figures that all the slopes in the FMD diagram are 

constant after the Mc value, indicating the level of 

completeness for the instrumental part of the 

compiled catalog. The slopes of segments IA-4 and 

IE-1 are relatively gentler, while IA-5, IE-3, and IE-

6 have a steeper slope as shown in the FMD 

diagram. We can observe from the red line that the 

higher proportion of smaller magnitude events, the 

steeper the slope of FMD, indicating relatively few 

numbers of large magnitude events. These patterns 

follow the Gutenberg-Richter Law as in Eq. (4), 

which provides the a and b relationship. The a-value 

and b-value of each subduction segment were 

computed using Eq. (5) and (6). In this study, we 

also analyzed fractal dimensions using Eq. (7) and 

(8) to clarify the fault geometry of each segment. 

The results of a-b values and fractal dimensions are 

provided in Table2. 
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Fig.6 The frequency-magnitude distribution (FMD) of each subduction segment  
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Table 2 The a-b parameter and fractal dimension of each subduction segment 

Subduction 

zone 
Index Segment a α b β D 

Interplate 

(IE) 

IE-1 South Sumatra 4.99 11.49 0.87 2.01 2.32 + 0.03 

IE-2 West Java 5.14 11.84 0.94 2.16 2.24 + 0.03 

IE-3 West-Central Java 6.52 15.02 1.20 2.76 2.07 + 0.02 

IE-4 Central-East Java 4.55 10.48 0.92 2.11 2.37 + 0.02 

IE-5 East Java 5.57 12.83 1.06 2.44 2.13 + 0.02 

IE-6 Bali-Sumbawa 6.61 15.22 1.20 2.76 2.05 + 0.02 

Intraplate 

(IA) 

IA-1 South Sumatra 6.32 14.55 1.14 2.63 2.07 + 0.02 

IA-2 West Java 5.46 12.57 0.99 2.29 2.25 + 0.02 

IA-3 West-Central Java 5.81 13.38 1.09 2.51 1.96 + 0.01 

IA-4 Central-East Java 4.18 9.63 0.84 1.94 2.27 + 0.02 

IA-5 East Java 6.46 14.88 1.31 3.02 1.54 + 0.01 

IA-6 Bali-Sumbawa 5.33 12.27 1.00 2.30 1.96 + 0.03 

Fig.7 Slip deficit/excess rate along the Java Trench generated using GPS data with the epicenter distribution 

of this study. Left model provided in [10]; Right model created by [13] 

The results clearly show that the a-values for 

twelve subduction segments vary from 4.18 to 6.61 

and b-values are between 0.84 and 1.31. These 

findings are somewhat different from those of [36], 

which stated that the a-value and b-value for the 

subduction zone of Java Island are 7.39 and 1.28, 

respectively. However, these results are in 

agreement with the research conducted in the last 5 

years by [37,38] although globally the b-value is ~ 

1 for a seismically active region [39]. In more detail, 

the highest a-value and b-value of Java subduction 

interplate segment is in the IE-3 region, which has 

a steep slope of FMD diagram. It is evident that the 

steeper the slope, the higher b-value obtained. In 

contrast, the IE-2 region has a lower a-value and b-

value, thus shedding light on the increasing 

potential for moderate to large earthquakes in this 

region. 

This finding supports a previous study of slip 

deficit/excess along the Java trench [40] displayed 

in Fig.7 (left model) computed using continuous 

GPS data. The red areas of slip deficit correspond 

to the segment’s location of a-value and b-value of 

this study that is associated with a low seismic 

activity and a high stress level in that tectonic zone. 

Meanwhile, the IE-4 region has the lowest a and 

b value, while the IE-5 region has a slightly higher 

a and b value. Although the result for IE-4 region 

tends to be nearly correlated with the slip deficit 

map as in [13] (Fig.7, right model), the result for IE-

5 region is somewhat different. Therefore, further 

research is required to determine the correlation 
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between earthquake data and GPS data analysis 

during the same period. 

The fractal dimension for six interplate 

segments obtained from D = 2.05 + 0.02 to 2.37 + 

0.02, while those for intraplate segments are 1.54 + 

0.01 to 2.27 + 0.02. The D values of interplate 

segments are relatively higher than those of the 

intraplate ones, indicating that the interplate zone 

has a more complex or irregular fault geometry. In 

general, the fractal dimensions and b-values of Java 

subduction segments show a negative correlation. 

The highest D value is in the Central-East Java 

segment (IE-4 and IA-4) which also has the lowest 

b-value. These values are relatively higher than the 

results from [1], but smaller than the results stated 

in [41]. 

In estimating the maximum earthquake 

magnitude, the Eq. (9) and (10) were applied using 

the return period from 100 years to 500 years with 

a calculation per 100 years for Eq. (11) and (12). 

The slip rate of the southern subduction segment of 

Java used is 4cm/yr [42]. The Mmax result is 

presented in Table 3 and the comparison is 

graphically displayed in Fig.8.

 Table 3 The maximum magnitude (Mmax) estimation for interplate and intraplate segments 

Subduction 

zone 
Index 

A Mw (Hanks and Kanamori, 1979) Mw (Wells and 

Coppersmith, 

1994) (m2) T=100yr T=200yr T=300yr T=400yr T=500yr

Interplate 

(IE) 

IE-1 8.09.E+10 8.59 8.83 8.94 9.03 9.09 8.88 

IE-2 5.29.E+10 8.47 8.70 8.82 8.90 8.97 8.70 

IE-3 6.00.E+10 8.50 8.74 8.86 8.94 9.00 8.75 

IE-4 5.48.E+10 8.48 8.71 8.83 8.91 8.98 8.71 

IE-5 5.52.E+10 8.48 8.71 8.83 8.92 8.98 8.72 

IE-6 9.66.E+10 8.64 8.88 8.99 9.08 9.14 8.96 

Intraplate 

(IA) 

IA-1 5.92.E+10 8.50 8.74 8.85 8.94 9.00 8.75 

IA-2 4.02.E+10 8.39 8.62 8.74 8.82 8.89 8.58 

IA-3 4.29.E+10 8.40 8.64 8.76 8.84 8.91 8.61 

IA-4 4.28.E+10 8.40 8.64 8.76 8.84 8.91 8.61 

IA-5 4.36.E+10 8.41 8.65 8.76 8.85 8.91 8.62 

IA-6 7.65.E+10 8.57 8.81 8.93 9.01 9.07 8.86 

Fig.8 The comparison between maximum magnitude of two methods. HK means Hanks and Kanamori method 

(1979); WC means Wells and Coppersmith method (1994) 

Based on the calculation using some scenarios, 

the Java interplate segments have the potential to 

trigger earthquakes up to magnitude of Mw 8.47-

9.00, while the Java intraplate can trigger an 

earthquake up to magnitude of Mw 8.39-8.91. The 

interplate segments in southern Sumatra and the 

southern part of Bali-Sumbawa have higher 

potential of earthquake magnitude than Java, which 

are up to Mw 8.59-9.09 and Mw 8.64-9.14, 

respectively. The results were calculated based on 

the assumption that all the tectonic energies in the 

Java trench were released seismically. For the 

Hanks and Kanamori method, apart from the 

segment area, the maximum magnitude is 

influenced by the return period; however, the Wells 

and Coppersmith formula is more influenced by 

dimension. 

The results of estimated maximum earthquake 

IE-1 IE-2 IE-3 IE-4 IE-5 IE-6 IA-1 IA-2 IA-3 IA-4 IA-5 IA-6

HK-1979 (100yr) 8.59 8.47 8.50 8.48 8.48 8.64 8.50 8.39 8.40 8.40 8.41 8.57

HK-1979 (200yr) 8.83 8.70 8.74 8.71 8.71 8.88 8.74 8.62 8.64 8.64 8.65 8.81

HK-1979 (300yr) 8.94 8.82 8.86 8.83 8.83 8.99 8.85 8.74 8.76 8.76 8.76 8.93

HK-1979 (400yr) 9.03 8.90 8.94 8.91 8.92 9.08 8.94 8.82 8.84 8.84 8.85 9.01

HK-1979 (500yr) 9.09 8.97 9.00 8.98 8.98 9.14 9.00 8.89 8.91 8.91 8.91 9.07

WC-1994 8.88 8.70 8.75 8.71 8.72 8.96 8.75 8.58 8.61 8.61 8.62 8.86
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magnitude using Wells and Coppersmith equation 

are between the result for a return period of 200 

years and 300 years of Hanks and Kanamori 

method. Referring to the return period used in 

Indonesian Seismic Sources and Seismic Hazard 

Maps 2017 (Tr = 400 years) [42], the interplate 

segment in southern Java has the potential to trigger 

an earthquake with magnitude of Mw 8.90-8.94. 

Meanwhile, the Bali-Sumbawa subduction segment 

has potential to trigger earthquake with maximum 

magnitude of Mw 9.08. All the results of the 

estimated maximum earthquake magnitude 

presented can be considered in seismic hazard 

modeling for subduction earthquake sources based 

on which scenario will be selected as the earthquake 

and tsunami simulation approach. 

5. CONCLUSION

Located near the confluence of Indo-Australian 

and Eurasian plates, Java Island and its 

surroundings are prone to earthquakes. Subduction 

zones that are long enough with different velocities 

and seafloor ages show variations in the seismic 

properties of each segment. We observed that the 

dipping angle of the Java subduction zones is 

steeper than that of Sumatra. This phenomenon is 

associated with the oceanic crust age submerged 

beneath southern Java, which is older than Sumatra. 

The spatial variation in a-value and b-value have 

been mapped. Moreover, these a-b parameters for 

each subduction segment have been 

comprehensively presented. It is observed that there 

is a similar pattern of a-values and b-values. The 

regions with low b-values relatively fit the large 

earthquake locations. Based on the subduction zone 

modeling analysis, the low a-values and b-values 

are in the south coast of West Java and south coast 

of Central-East Java. We found that the most 

significant earthquakes in subduction zone were 

consistent with relatively high fractal dimension (D 

values) and low b-values. However, further 

research is needed to investigate these correlations 

more appropriately.  

For the return period of 100 to 500 years, the 

Java interplate segments have the estimated 

maximum earthquake magnitude of Mw 8.47-9.00, 

assuming that all the tectonic energies in those areas 

were released seismically. Although there has been 

no earthquake with a magnitude greater than Mw 

8.0 occurring along the Java trench, with the 

mechanism and seafloor age being similar to those 

in the east-north side of Japan, which triggered the 

2011 Tohuku earthquake of Mw 9.0, these results 

are worth considering. Such findings can also 

become one of the references for future seismic 

hazard studies, earthquake and tsunami disaster 

mitigation plans in Java and its surroundings. 
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