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Abstract—We studied the behavior of scaling components 

associated with the M5.1 earthquake that occurred in Banten 

on 7 July 2020 by using the Detrended Fluctuation Analysis 

(DFA). DFA is a powerful technique to assess the self-similarity 

of fractals in time series data. The time series data were 

obtained from Sukabumi (SKB) geomagnetic observatory 

station during April - August 2020. We only used the nighttime 

data (16.00-21.00 UTC) for our analysis to reduce the artificial 

noise due to human activities. The results revealed long-term 

correlations during the whole observation period. Moreover, 

we also used the results of our previous study using the Fast 

Fourier Transform (FFT) for further analysis in this paper. 

The combined analysis of the spectral density ratio (SDR) 

value obtained from FFT and the scaling exponent value 

obtained from DFA showed the presence of EQ precursors 

from the end of April until early June 2020. 

Keywords—ULF geomagnetic, fractal analysis, scaling 

exponent, earthquake forecast 

I. INTRODUCTION 

The western part of Java Island consists of large cities 
which are densely populated because they become the center 
of the economy and industry. Geologically, this area is 
located at the confluence of the Eurasian and Australian 
plates [1]. As a result, in this area earthquakes (EQs) often 
occur which have the potential to cause casualties and 
material losses. It was recorded that 3,243 EQs occurred in 
West Java from 2009 - 2019. The number of EQs was the 
highest compared to other provinces in Java [2]. Based on 
United States Geological Survey (USGS) data, there were 3 
EQs in western Java with magnitude (M) more than 5 
occurred in 2020. These data reveal that western Java is a 
seismically active area. Therefore, it is necessary to reduce 
the risk of EQ disasters, such as by studying the 
characteristics of EQ precursors in the western part of Java 
Island using geomagnetic data. 
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Fig. 1. The locations of the M5.1 EQ and SKB station 

Analysis of Ultra Low Frequency (ULF) geomagnetic 
data can be applied as an approach to determine short-term 
EQ precursor [1]-[9]. Since ULF (<1 Hz) has low attenuation 
and can penetrate deep areas, it may contain information 
about the EQ preparation process in the lithosphere, such as 
micro fractures near the hypocenter, or nonlinearity 
lithospheric dynamics concerning EQ [10], [11]. In our 
previous study, EQ precursors from three EQs with M>5 that 
occurred in 2020 were analyzed using the Fast Fourier 
Transform (FFT) analysis. We get the results that the M5.1 
EQ that occurred on 7 July 2020 showed the most significant 
ULF anomaly compared to other EQs [12]. However, a 
multidisciplinary analysis is still needed to confirm that the 
ULF geomagnetic anomaly is related to the M5.1 EQ 
because EQ preparation is a complex process. 

This study was conducted to confirm the results of the 
EQ precursor found in previous studies with the FFT 
analysis for the M5.1 EQ based on Sukabumi geomagnetic 
observatory (SKB) data. The location of the EQ and SKB 
shown in Fig.1. The ULF geomagnetic anomalies related to 
seismogenic processes should contain fracture process 
information that occurs in the lithosphere. Considering that 
fracture processes have fractal behavior, it is necessary to 
analyze the disturbances in ULF fractal characteristics [10], 
[13], [14]. A powerful technique that can be used to identify 
the degree of self-similarity of fractals in a non-stationary 
time series is the detrended fluctuation analysis (DFA) [15]. 
DFA analysis is advantageous for analyzing time series to 
find long-range correlations of the data [16], [17]. It has been 
extensively applied to ULF geomagnetic data to reveal that 
scaling disturbances in ULF geomagnetic data before the EQ 
are related to the EQ event itself [16]-[22]. Therefore, we 
applied the DFA method over the same timeframe as in the 
case of FFT analysis to obtain a comprehensive analysis in 
the evaluation of the M5.1 EQ precursors. 

II. METHODS 

We analyzed the M5.1 EQ that took place in 
Rangkasbitung on 7 July 2020 at 04:44:13 UTC. The EQ 
epicenter is located at 6.31oS 106.34oE with a depth of 96.85 
km. The magnetometer located SKB belonging to the 
Indonesian Meteorological, Climatological, and Geophysical 
Agency (BMKG) with an epicenter distance less than 100 
km. The recorded time series data is represented in 

horizontal and vertical components (X, Y, and Z) with a 
sampling frequency of 1 Hz. 

We take 5 months of daily geomagnetic data from April 
to August 2020 from SKB. Then, we selected only the 
nighttime (16.00-21.00 UTC) data for analysis to reduce the 
artificial noise due to human activities. An example of three 
components of geomagnetic nighttime data on 20 June 2020 
can be seen in Fig. 2. We used DFA analysis to find the exact 
scaling behavior of non-stationary data because DFA is 
capable to detect the dynamic features and prevent non-
stationary artifacts [20], [23]-[25]. 

DFA is applied in a time series data x(i) with N length 
and the profile is determined by integrating the time series 
(1): 
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where xave is the average of the time series data. Then, the 
profile y(k) is divided into non-overlapping segments with 
equal length n. We performed the least square polynomial to 
each segment to represent the trend of the segment. The 
integrated time series y(k) is detrended by subtracting the 
local trend yn(k) in each segment. The root mean square 
fluctuation of the integrated and detrended time series is 
calculated by (2): 
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To find the relationship between F(n) and n, we calculate 
(2) over all segments. Generally, F(n) will increase according 
to the increase of n. The power-law scaling defines the 
relationship between F(n) and n will obey (3): 

  
αnF(n)     

The scaling exponent α is the slope of the line fitting log F(n) 
and log n that represent its correlation in the time series data. 
The α value shows the presence of long-range correlation or 
not. An α > 0.5 means the presence of persistent long-range 
correlations, and α < 0.5 means the presence of anti-
persistent long-range correlations [20], [23], [24]. 
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Fig. 2. Time series observed in X, Y, and Z components at nighttime 

(16.00-21.00 UTC) from SKB on 20 June 2020. 

III. RESULT AND DISCUSSION 

We analyzed the ULF geomagnetic data observed at SKB 
from 1 April 2020 until 31 August 2020. Fig. 3 exhibits an 

example of the fluctuation function computed with the DFA 
method of the X, Y, and Z components. Generally, it informs 
about the relation of F(n) and n which is in the form of a 
straight line and almost uniform with a single scaling 
exponent for all timescales. 

Fig. 4 illustrates the time variation of the scaling 
exponents α of the X, Y, and Z components during the 
observation times. The red vertical line on 7 July 2020 
denotes the EQ day and the orange horizontal lines denote 
the threshold of the data (mean ± 2σ, σ is the standard 
deviation). The scaling exponents are given from the top for 
X, Y, and Z components. The bottom panel is the Dst index 
that represents the global geomagnetic activity obtained from 
the World Data Center for Geomagnetism, Kyoto University. 
The high geomagnetic activity (Dst ≤ -50 nT or Dst ≥ 50 nT) 
may disturb the geomagnetic data. From the Dst data 
analysis, it can be seen that almost the whole observation 
period is quiet days so the global geomagnetic disturbances 
can be minimized. We observed that the average α value is 
greater than 0.5 that indicating a long-range correlation. 
These fractal properties are associated with transient 
electrical signal emission due to stress variations in the focal 
area before an EQ [21].

 

Fig. 3. An example of log F(n) versus log n plots of the X, Y, and Z components for the observed data on 20 June 2020 

 

Fig. 4. Time variation of the α values in X, Y, and Z components from 1 April 2020 until 31 August 2020. The red vertical line shows the occurrence of 

M5.1 EQ and the orange horizontal lines show the threshold of the data
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We sampled the results of our previous study for this EQ 
using the FFT analysis in the same period to compare with 
the results of the DFA analysis. Our previous study 
calculated the spectral density ratio (SDR) of the SZ/SG over 

0.01 - 0.06 Hz to find the optimum frequency for precursor 
detection [12]. We have compared the SZ/SG values of all 
frequencies (0.01 Hz - 0.06 Hz) with the scaling exponents 
of the Z component as shown in Fig. 5.  

 

Fig. 5. Time variation of the SZ/SG values over 0.01 - 0.06 Hz compared with the α values of the Z components from 1 April 2020 until 31 August 2020. 

The red vertical line shows the occurrence of M5.1 EQ and the orange horizontal lines show the threshold of the data. The α and SZ/SG anomalies that occur 

simultaneously and related to the EQ precursor are marked as yellow area, while the α anomaly occurring before EQ without SZ/SG anomaly is marked with a 
green circle. Meanwhile, the α and SZ/SG anomalies related to the high global geomagnetic activity (brown arrows) are marked with brown circles
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The anomalies from SZ/SG and α values were found at 
almost the same period marked with the yellow areas at 
frequencies of 0.02, 0.03, 0.04, and 0.06 Hz which may 
indicate a relationship in predicting EQ precursors. In 
general, the above-mentioned frequencies indicate that if 
there is an increase in SZ/SG exceeding the threshold, there 
will be a decrease in the α value which is smaller than the 
threshold at almost the same time. These characteristics 
occur from the end of April (2.5 months before EQ) to early 
June 2020 (1 month before EQ) during the quiet days of 
global geomagnetic activity. The anomalies in the SZ/SG and 
α values described above are thought to be related to the EQ 
preparation process. We also found an anomaly in the α 
value smaller than the threshold (marked with a green circle) 
without an increase in the SZ/SG value at 8 days before the 
EQ when the Dst value showed normal global geomagnetic 
activity. Meanwhile, there are also some significant 
anomalies in the SZ/SG and α values after the EQ event 
(marked with the brown circles) which occurs when the Dst 
value drops significantly to the threshold (marked with the 
brown arrows) which means there is a high global 
geomagnetic activity, so it is not related to EQ activity. 

Our result is similar to previous research which found the 
decrease of the α values at the same time as an increase in 
SDR values around 20 days before the M7.5 EQ (2009) near 
the Pelabuhan Ratu station, West Java, Indonesia [22]. 
Another case study for the M6.1 EQ (2018) which occurred 
about 100 km from the Banten geomagnetic observatory 
showed the geomagnetic anomalies were found about 2 
weeks before EQ [26], [27]. Moreover, long duration of lead 
times also have been found 5 months before the M7.4 
Guerrero-Oaxaca EQ [21] and 2 months before the M6.6 EQ 
in Japan [28]. The presence of anomalies that exceed the 
threshold when there is no high global geomagnetic activity 
is the characteristic of the EQ precursors detection from ULF 
geomagnetic data. However, this research is still preliminary 
and suggestive, it requires a comprehensive statistical 
analysis and approaches from other methods to reveal the 
precursors before the EQ. 

IV. CONCLUSION 

We have analyzed the nighttime ULF geomagnetic data 
recorded from SKB during April - August 2020 by using the 
DFA analysis. We tried to find the characteristics of the α 
values before the M5.1 EQ took place in Rangkasbitung on 7 
July 2020. The results of the DFA analysis revealed that 
during the whole observation period, the α values indicate a 
long-range correlation. Moreover, the combination of the 
SDR value from our previous study and the α value obtained 
from this study found the presence of the EQ precursor 
starting from 2.5 - 1 month before the EQ. This is indicated 
by an increase in the SDR value exceeding the threshold that 
occurred in the same period with a decrease in the α value 
smaller than the threshold. Nevertheless, our research is still 
preliminary and needs other perspectives analysis of 
precursor detection. 
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