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Abstract. This research intends to characterize the South At-
lantic Anomaly (SAA) by applying the power spectrum anal-
ysis approach. The motivation to study the SAA region is due
to its nature. A comparison was made between the stations in
the SAA region and outside the SAA region during the ge-
omagnetic storm occurrence (active period) and the normal
period where no geomagnetic storm occurred. The horizon-
tal component of the data of the Earth’s magnetic field for
the occurrence of the active period was taken on 11 March
2011 while for the normal period it was taken on 3 February
2011. The data sample rate used is 1 min. The outcome of the
research revealed that the SAA region had a tendency to be
persistent during both periods. It can be said that the region
experiences these characteristics because of the Earth’s mag-
netic field strength. Through the research, it is found that as
the Earth’s magnetic field increases, it is likely to show an
antipersistent value. This is found in the high-latitude region.
The lower the Earth’s magnetic field, the more it shows the
persistent value as in the middle latitude region. In the region
where the Earth’s magnetic field is very low like the SAA
region it shows a tendency to be persistent.

1 Introduction

Electromagnetic radiation and charged particles from the Sun
constantly reach the Earth (Domingos et al., 2017). Protons
and electrons from the aurora, the high-speed solar wind, the
radiation belts, or large solar coronal mass ejections pene-
trate into the Earth’s atmosphere in different regions of the
terrestrial magnetosphere (Sinnhuber et al., 2016). On the
other hand, the Earth is surrounded by an almost spherical
magnetic field, the magnetosphere, which is a natural shield-

ing of the Earth’s surface to solar and galactic cosmic-ray
particles of up to several GeV (gigaelectronvolts) in energy
(Ugusto et al., 2016).

The Earth’s magnetic field configuration determines the
trapping and distribution of energetic ionized particles (Bad-
hwar, 1997). By far the most dominant of these fields is
of core origin, accounting for over 97 % of the field ob-
served at the Earth’s surface and ranging in intensity from
about 30 000 nT at the Equator to about 50 000 nT at the
poles (Sabaka et al., 2002). The interaction of the solar wind
with the magnetic field and atmosphere of the Earth causes,
among other effects, disturbances in the ionosphere (An-
dalsvik and Jacobsen, 2014). The existence of the Earth’s
magnetic field protects the world from danger such as ge-
omagnetic storms. But there still exists a region where the
Earth’s magnetic field is the weakest: this region is known
as the South Atlantic Anomaly (SAA). The region arises
due to the offset of the Earth’s dipole of about 436 km from
the Earth’s center towards the direction of southeast Asia
(Asikainen and Mursula, 2008).

The SAA describes a low-intensity magnetic field area
which spans from east of Africa over the Atlantic Ocean to
South America (Koch and Kuvshinov, 2015). Its extent area
at the Earth’s surface is continuously growing since instru-
mental intensity measurements covering part of the South-
ern Hemisphere and centered in South America are avail-
able (Pavón-Carrasco and De Santis, 2016). This region of
weak magnetic field has expanded over time and also moved
westward (Cnossen and Matzka, 2016). The existence of the
SAA is linked closely with the geomagnetic field distribution
(Heynderickx, 1996). From the high atmosphere and close
outer space, the SAA is seen as a sort of geomagnetic hole
where electric and neutral particles can flow from the Van
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Allen belts and from the magnetosphere into the atmosphere
below (De Santis and Qamili, 2010).

In this region, the inner Van Allen radiation belt is at its
nearest approach to the Earth’s surface. The energetic parti-
cles captured by the geomagnetic field can reach lower alti-
tudes forming a high-radiation region (Zou et al., 2015). This
results in a larger number of energetic particles in the SAA
region compared to other places.

The SAA plays a vital role for spacecraft orbiting in that
region. Very few measurements have been made in this re-
gion compared to the other regions of the world (Federico
et al., 2010). This research aims to characterize the SAA re-
gion based on the geomagnetic data collected from several
observatories outside and inside this region.

The research focuses on characterizing the SAA by using
the power spectrum analysis method. This study was mo-
tivated by the nature of the SAA, in which the area over
the SAA is described by intense radiation near the Earth’s
surface because of the particularly weak local geomagnetic
field. It appears as the preferred way in for high-energy par-
ticles in the magnetosphere, alongside the polar regions. As
for satellite and spacecraft orbiting through the SAA, it will
be beneficial to have an update of the magnetic field strength
as it can provide the regional magnetic intensity in that area.
Therefore, research carried out regarding the SAA can be
used as a reference in the satellite launch and can increase
knowledge of the geomagnetic field (Nasuddin et al., 2015).

Review of the SAA and power spectrum analysis

Space radiation is a very important factor affecting both
humans and electronic systems (Konradi et al., 1994). The
trapped radiation environment, consisting of large amounts
of energetic charged particles, can be potentially harmful
to human beings and space vehicles immerged in it (Qin et
al., 2014). Geomagnetically trapped ionized particles, mainly
electrons and protons, are a hazard to modern spaceflight
(Fürst et al., 2009). Furthermore, the reduction of solar en-
ergy when passing through the atmosphere indicates that
there is atmospheric turbidity (Aljawi et al., 2018). Mod-
ern society relies heavily on complex electronic systems
mounted in spacecraft, which are exposed to extraterrestrial
influences (Zavvari et al., 2014). There are a number of dam-
ages that spacecraft sustain while in orbit. These range from
space debris, problems with the vacuum of space, various
problems associated with the plasma environment, and var-
ious problems explicitly associated with the radiation envi-
ronment (Heirtzler, 2002). One of the cases is that of the
International Space Station, which needs additional shield-
ing to deal with this sort of problem. Other examples are
the Hubble Space Telescope that stops data collection while
passing by the SAA. One SAA effect on the DORIS carry-
ing satellites is the shift of the onboard oscillator frequency
(Capdeville et al., 2016). It is known that LEO (low Earth
orbit) space vehicles spend a significant part of their time in

the SAA area (Grigoryan et al., 2008). Spacecraft in this area
receive the biggest radiation dose, which is correlated with
the intense fluxes of charged particles. Furthermore, the as-
tronauts’ condition is influenced by the increased radiation in
this area. Operators who control affected space vehicles need
to know how best to minimize the risk of anomalies which in
many cases simply means knowing, with a high degree of ac-
curacy, when and where to turn the systems on and off (Ginet
et al., 2007).

Several research studies have been conducted regarding
the SAA region. A study on the distribution of energetic par-
ticle fluxes near the SAA, based on kriging interpolation, was
conducted by Suparta et al. (2013). Kriging interpolation was
used in this research to forecast the dissemination of solar
charged particles in the SAA area. Data from electrons with
a 30 keV energy level (meped0e1) taken from the National
Oceanic and Atmospheric Administration (NOAA)-15 satel-
lite, on 8 September 2003 and 28 October in 2003, are em-
ployed (Suparta et al., 2013). The approach of ordinary krig-
ing (OK) was selected since it is the finest linear unbiased
estimator. Even so, this research also revealed a little dissym-
metry of the estimate as well as variance figures meant for
every model, particularly in the 0◦ longitude area. To resolve
this difficulty, the robust variogram estimator usage was pro-
posed.

Research on the radiation fields specific to the South At-
lantic Anomaly was carried out by Panova et al. (1992). The
research involves the explanation of the spatial as well as
temporal behavior of the radiation field within the Mir space
station through its passage of the South Atlantic Anomaly
region. The calculation of the radiation fields on the Mir sta-
tion was carried out by means of the Lyulin dosimeter. The
measurements were carried out in the large diameter work-
ing compartment of the Mir station (Panova et al., 1992). The
experiments were carried out to provide knowledge of the ra-
diation fields precisely in the SAA as this provides valuable
information for radiation safety for cosmonauts in the course
of a long orbital flight.

One of the studies on the SAA is the New Archeomag-
netic Directional Records From Iron Age Southern Africa
(ca. 425–1550 CE) and Implications for the South Atlantic
Anomaly by Hare et al. (2018). The new fine record con-
firms the researchers’ earlier inferences that the SAA is the
most current sign of a recurring event known as flux expul-
sion which has a serious effect on the manifestation of the
Earth’s magnetic field. Longer-term data from this region are
crucial to understanding the current trend (Hare et al., 2018).
In the research, a potential correlation of changes recorded
in the African data accompanied by archaeomagnetism jerks
was identified.

A research study on the future of the SAA in addition to
implications for radiation harm in space was carried out by
Heirtzler (2002). In this research, the SAA showed an im-
portant part of the harmful effects of radiation which hap-
pens close to the world’s orbit. The significant plus current
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changes in the geomagnetic field in the South Atlantic were
used in order to assess the size of the SAA up to the year
2000. This forecast pointed out that the harmful effects of
radiation for spacecraft as well as mankind in space will
increase significantly, covering a considerably greater geo-
graphical region than in the present day. In general, this jour-
nal provides references for those who are interested in learn-
ing about the SAA.

The method chosen to characterize the SAA is called
power spectrum analysis. Research on the spectral and fractal
analyses of geomagnetic and riometric antarctic observations
and a multidimensional activity index was done by De San-
tis et al. (1997). Their study analyzed the geomagnetic and
riometric data by using spectral and fractal analyses. A mul-
tidimensional index was obtained from this single-point data
set to show the local and the global conditions of the mag-
netospheric activity. Their work is a good reference of the
power spectrum analysis.

Other studies include fractal dynamics of geomagnetic
storms done by Zaourar et al. (2013). In this work, the vari-
ations of the horizontal element of the Earth’s magnetic field
were studied. This was done to detect the scaling reaction
of the temporal changeability in geomagnetic data preserved
by the INTERMAGNET observatories throughout solar cy-
cle 23. In this paper, the fractal spectral properties of the geo-
magnetic time series data were analyzed by applying spectral
wavelet analysis techniques.

Research on applying power spectrum analysis on the oc-
currence of sudden storm commencements (SSCs) for solar
cycles 11 to 22 was done by Mendoza et al. (2003). The
data for SSCs comprise solar cycles 11 to 22 (1868–1996)
(Mendoza et al., 2003). We opted for the maximum entropy
method to determine the power spectral density of the SSCs
time series, as well as to analyze their periodicities in the time
series that were smoothed by obtaining a 13-month running
mean. The current research reveals the existence of a peak
for the occurrence of SSCs between 20 and 30 years.

Jian-Hui and Yao-Quan (1995) apply power spectrum
analysis for spherical volumes in order to investigate cluster-
ing of the Large Bright Quasar Sample. In order to avoid the
effects of galactic absorption and foreground galaxies, most
of the survey regions are located at galactic latitudes higher
than 40◦ N (Jian-Hui and Yao-Quan, 1995). The research was
conducted to analyze the Large Bright Quasar Sample. In
conclusion, the quasars of this sample are not clustered or
very weakly clustered.

Stations used in the study are situated within as well as
outside the SAA area. The SAA is described through the
comparison of data from stations situated within the SAA
area and station positions in the midlatitude area as well as
the high-latitude region. This is done during the active pe-
riod, which is the period of the geomagnetic storm occur-
rence, and the normal period, where no geomagnetic storm
occurred. The active period and normal period were chosen
based on the Kp index and Dst index.

Figure 1. The SAA is situated at an altitude of 200–800 km over
the Earth’s surface. It extends from 0 to 50◦ S and from 90◦W to
40◦ E. The black circle is the station in the SAA region.

Comprehensively, this makes it an intriguing subject for
characterizing the SAA. It can provide a better knowledge of
the Earth–space surrounding. This study can be a reference
for future experimental measurements (Al-Qaisi et al., 2017).
Since a number of spacecraft suffered hazards while orbit-
ing through the SAA, it is hoped that this research can pro-
vide additional information to design spacecraft better able
to withstand the damage.

2 Methodology

2.1 Stations

Stations involved in the research were located inside and out-
side the SAA region. The list of the stations based on the
IAGA code, geodetic latitude, and geodetic longitude can be
seen in Table 1, while Fig. 1 shows their positions.

There are 15 stations involved: 5 stations were located in
the SAA region, 5 stations were located in the midlatitude re-
gion, and another 5 stations were in the high-latitude region.
The black circles in Fig. 1 show stations in the SAA region,
the magenta circles show stations in the midlatitude region,
and the blue circles represent stations in the high-latitude re-
gion.

2.2 Power spectrum analysis and Hurst exponent

The next step is to determine the power spectral density
and its scaling with respect to frequency (Hall, 2014). The
spectral analysis of a time series allows one to infer some-
thing regarding the characteristic timescales of the phenom-
ena which give rise to the observed variations (De Santis et
al., 1997). A time series can be prescribed either in the time
domain, as yn, or in the frequency domain in terms of the dis-
crete Fourier transform, Ym (Malamud and Turcotte, 1999).

The power spectral density function, which is represented
as Sm, whereby it is intended for a discrete time series, can
be defined as represented by yn, n= 1, 2, 3. . . , N , can be
described as
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Table 1. Stations involved in the research.

SAA region

Station name IAGA code Geodetic latitude Geodetic longitude

Tsumeb TSU −19.202 17.584
Hermanus HER −34.425 19.225
Huancayo HUA −12.038 284.682
Ascension Island ASC −7.949 345.624
Vassouras VSS −22.400 316.400

Midlatitude region (outside the SAA region)

Station name IAGA code Geodetic latitude Geodetic longitude

Fresno FRN 37.091 240.279
Fort Churchill FCC 58.760 265.911
Newport NEW 48.271 242.880
Sitka SIT 57.061 224.669
Victoria VIC 48.517 236.582

High-latitude region (outside the SAA region and outside midlatitude region)

Station name IAGA code Geodetic latitude Geodetic longitude

College CMO 64.871 212.139
Resolute Bay RES 74.690 265.105
Baker Lake BLC 64.319 263.988
Godhavn GDH 69.250 306.470
Thule THL 77.470 290.770

Sm = lim
N→∞

{
2|Ym|2/Nδ

}
,m= 1,2,3, . . .. . .,

N

2
. (1)

It can also explain that δ is the time among consecutive n.
In another situation, on behalf of a self-affine time series,
the power spectral density, represented as Sm, is described to
comprise a power-law dependence on frequency:

Sm ∼ f
−β
m ,m= 1,2,3. . .. . .,

N

2
. (2)

It is noted that fm =m/N . It can also be explained that the
value of β is an estimate of the intensity of persistence in a
time series. For −1≤ β<1, the Hurst exponent for a station-
ary fractional Gaussian noise time series is

HPS = (β + 1)/2, for − 1≤ β < 1, (3)

and for a nonstationary fractional Brownian motion with
1<β ≤ 3 it is represented by

HPS = (β − 1)/2, for 1< β ≤ 3. (4)

It is important to understand the Hurst exponent, H , value.
Time series with 0<H<0.5 are called antipersistent, while
time series with 0.5<H<1 are called persistent (Hamid et
al., 2009).

If the Hurst exponent is in the range of 0.5<H<1, it can
be interpreted as both that a high value in the series will prob-
ably be followed by another high value and that the values a
long time into the future will be high. A Hurst exponent in
the range of 0<H<0.5 means a time series with long-term
switching between high and low values in adjacent pairs, in-
dicating a single high value may be succeeded by a low value
and the following value will tend to be high, with this trend
changing between high and low values and continuing for a
long time into the future. A value ofH equal to 0.5 implies a
random series. It can also mean data are not correlated – that
is, no dependence between current and past data.

2.3 Dst index and Kp index for the geomagnetic storm
period and normal period

The geomagnetic storm can be known through the Dst index
and Kp index. It is noted that the red line in the Dst index is
the threshold for a geomagnetic storm to occur. As the Dst
index is below −30 nT, it shows a geomagnetic storm oc-
currence. On 11 March 2011, the Dst index shows a moder-
ate storm, occurring from 01:00 to 14:00, 18:00 to 19:00,
and 21:00 to 24:00 UT. During 15:00 to 17:00 UT and on
20:00 UT a weak storm occurred. TheKp index for the active
period showed that on 11 March 2011 a moderate geomag-
netic storm occurred, with the Kp index showing a value of
6, and a minor geomagnetic storm occurred, with the Kp in-
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Figure 2. The Dst index for 6 to 16 March 2011 and the Kp index
for the active period on 11 March 2011.

Figure 3. The Dst index for 24 January to 3 February and the Kp
index for the normal period on 3 February 2011.

dex showing a value of 5. The Kp index can be interpreted
to show that a geomagnetic storm has occurred when it has a
value of 5 or larger than 5.

For the normal period, on 3 February 2011, the Dst index
indicates that no geomagnetic storm occurred. The Kp index
mostly shows a value of 0 and 1, revealing no occurrence of
a geomagnetic storm.

2.4 Geomagnetic storm period and normal period

By using this method, a comparison between the active pe-
riod and normal period for the stations in the SAA region,
midlatitude region, and high-latitude region will be per-
formed. The active period can be defined as a day from 01:00
until 24:00 UT where the existence of the geomagnetic storm

Table 2. Date to be analyzed.

Active period Normal period

11 March 2011 3 February 2011

Figure 4. Comparison between geomagnetic storms on 1 March
2011 and 11 March 2011.

is below −30 nT. For the normal period, it can be defined as
a day from 01:00 until 24:00 UT where the value is consis-
tently above−30 nT, indicating no geomagnetic storm occur-
rence.

For this study, the date chosen for analysis was 3 February
2011 for a normal period and 11 March 2011 for an active
period as shown in Table 2. The year 2011 was chosen to
study the SAA during the rising phase of solar cycle 24.

The date for the active period, 11 March 2011, was se-
lected because during that day the geomagnetic storm is con-
sistently below −30 nT. Between 3 February 2011 and 11
March 2011, there are a number of geomagnetic storm oc-
currences. However, for the geomagnetic storm occurring
between those dates, it can be seen that the existence of
the geomagnetic storm is inconsistent. On 11 March 2011,
the geomagnetic storm occurs consistently from 01:00 until
24:00 UT and it is the closest to 3 February 2011 based on the
characteristics of the active period. On that date, 11 March
2011, the geomagnetic storm was found to occur consistently
from 01:00 up to 24:00 UT according to the Dst index.

The explanation for choosing 11 March 2011 compared to
other dates can be seen in more detail in Fig. 4. It can be seen
through theDst index, for example, on 1 March 2011, despite
geomagnetic storm events, but it is inconsistent, unlike the
geomagnetic storm on 11 March 2011.

It can be seen that on 1 March 2011 the geomagnetic storm
started on that day at 13:00 and lasted until 24:00 UT, but
from 01:00 to 12:00 UT no geomagnetic storm occurred. For
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the geomagnetic storm on 11 March 2011, it occurs from
01:00 to 24:00 UT, which is consistent throughout the day.
The date of 11 March 2011 was also selected as it was clos-
est to 3 February 2011.

2.5 H component

There are some characteristics that should be addressed re-
garding this work (Anwar et al., 2017). The abnormally large
amplitude of the horizontal geomagnetic field component
measured at the magnetic Equator is caused by the intense
current flowing in the equatorial ionosphere (Hamid et al.,
2013). This variation can be observed by monitoring the ge-
omagnetic field using the global network of magnetic obser-
vatories (Hamid et al., 2010). For this research, the compo-
nent of the Earth’s magnetic field chosen to be analyzed is
the horizontal intensity (H ), since it is additionally sensitive
to geomagnetic activity level. This can be studied through the
beginning of a magnetic storm that is frequently described by
a global sudden rise in H , which is referred to as the sudden
storm commencement or SSC. Subsequent to the SSC, the
H component normally remains on top of its average level
for several hours. This stage is named as the initial phase
of the storm. Afterwards, a great global decrease in H com-
mences, signifying the evolution of the main phase of the
storm. Among the components of the Earth’s magnetic field,
such as the total intensity (F ), the inclination angle (I ), the
declination angle (D), the northerly intensity (X), the east-
erly intensity (Y ), and the vertical intensity (Z), the horizon-
tal intensity (H ) is chosen for this reason since in this re-
search a comparison between a period when a geomagnetic
storm occurs and a period where no geomagnetic storm oc-
curs is conducted.

3 Results and discussion

Figure 5 is an example figure for power spectral density. The
periodogram is obtained from station THL on 3 February
2011. The slope value is −1.6292. The value of the spec-
tral exponent, β, is given by the negative slope of the straight
line plot p(f ) versus f in a log–log scale known as the peri-
odogram.

Figure 6 shows the periodogram for the high-latitude re-
gion. The red periodogram represents the active period while
the blue periodogram represents the normal period. The spec-
tral exponent, β, is in the range 1<β ≤ 3. The spectral expo-
nent, β, is acquired through the negative value of the slope
of the best-fit straight line corresponding to the selected fre-
quency range. The spectral exponent, β, will be applied in
HPS = (β−1)/2. The Hurst exponent, H , can determine the
characteristics of the region.

Three regions were selected for this study: the first was the
high-latitude region, the second was the midlatitude region,
and the third was the SAA region. A comparison between

Figure 5. An example figure for power spectral density on 03
February 2011 at station THL.

these regions was made to investigate the characteristics of
the SAA region. Tables 3, 4, and 5 show the research results.
Table 3 shows the results for the high-latitude region during
the geomagnetic storm period (active period) and normal pe-
riod, while Table 4 presents the results for the midlatitude
region during the geomagnetic storm (active period) and nor-
mal period. Table 5 represents the results of the SAA region.
The maximum and minimum strength of the Earth’s mag-
netic field for stations involved in the research are also shown
in the tables during active and normal periods.

As for the high-latitude region, the stations chosen were
from 60 to 90◦ N. It can be seen that the Hurst exponent
value is varied. During the active period, the BLC, RES, and
THL stations showed persistent values of 0.6466± 0.0878,
0.5936± 0.0669, and 0.5303± 0.0595, respectively, while
the GDH and CMO stations showed antipersistent values of
0.2840± 0.0379 and 0.4116± 0.0601, respectively.

During the normal period, in the absence of a geomag-
netic storm, the stations at high latitudes tend to record
an antipersistent value. The CMO, GDH, THL, RES, and
BLC station values were 0.1873± 0.0609, 0.1185± 0.0613,
0.3915± 0.0629, 0.2574± 0.0675, and 0.0631± 0.0636, re-
spectively. The obtained antipersistent values revealed a time
series with long-term switching between high and low values
in adjacent pairs. It means a single high value may well be
succeeded by a low value and the following value will tend to
be high. This trend to alternate between high and low values
will continue for a long time in the future.

It can be said the persistent and antipersistent experiences
by stations in the high-latitude region may be associated with
the strength of the Earth’s magnetic field. The value of the
Earth’s magnetic field is strong in the high-latitude area, thus
providing a high degree of antipersistence for stations in the
high-latitude region. The minimum and maximum values of
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Figure 6. Periodogram for the high-latitude region during the active period and normal period.

Table 3. The Hurst exponent as well as the maximum and minimum strength of the Earth’s magnetic field during the geomagnetic storm
(active period) and normal periods for stations in the high-latitude region.

Station Active period Normal period

The Hurst Minimum Earth Maximum Earth The Hurst Minimum Earth Maximum Earth
exponent value magnetic field magnetic field exponent value magnetic field magnetic field

strength (nT) strength (nT) strength (nT) strength (nT)

CMO 0.4116± 0.0601 56 050 57 060 0.1873± 0.0609 56 910 56 950
GDH 0.2840± 0.0379 56 270 57 160 0.1185± 0.0613 56 500 56 610
THL 0.5303± 0.0595 56 360 56 490 0.3915± 0.0629 56 400 56 410
RES 0.5936± 0.0669 57 760 58 010 0.2574± 0.0675 57 820 57 850
BLC 0.6466± 0.0878 58 790 59 440 0.0631± 0.0636 59 090 59 160

the Earth’s magnetic field in the active period range from
56 050 to 58 790 nT and from 57 060 to 59 440 nT, respec-
tively. During the normal period, the minimum and maxi-
mum values of the Earth’s magnetic field range from 56 910
to 59 090 nT and from 56 950 to 59 160 nT, respectively.

It can be seen that the Hurst exponent for station BLC is
persistent while the Earth’s magnetic field strength is high.
Based on the outcome of the result, the Hurst exponent of
station BLC is antipersistent when the Earth’s magnetic field
strength is high. This may be due to, for example, energetic
particle factors. Station BLC is exposed to energetic parti-
cles especially when the geomagnetic storm occurs during
the active period. Perhaps the energetic particles resulting
from geomagnetic storms are able to affect theH component
of the Earth’s magnetic field, causing Hurst exponents in sta-

tion BLC to produce the persistent value. This is because the
Earth’s magnetic field may change due to energetic particles
originating from the geomagnetic storm. This is likely to be
more concentrated in the BLC area that causes station BLC
to be affected in its Hurst exponent value.

Figure 7 represent the periodogram for the midlatitude re-
gion during the active period and normal period. The midlat-
itude region is situated from 30 to 60◦ N.

For the midlatitude region, Table 4 shows the results of the
Hurst exponent value during the geomagnetic storm (active
period) and normal period.

In the midlatitude regions, the values of the Earth’s mag-
netic field are not as strong as in the high-latitude region.
The minimum and maximum values for the Earth’s magnetic
field during the active period were in the range of 48 760
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Figure 7. Periodogram for the midlatitude region during the active period and normal.

Table 4. The Hurst exponent as well as the maximum and minimum strength of the Earth’s magnetic field during the geomagnetic storm
(active period) and normal period for station in the midlatitude region.

Station Active period Normal period

The Hurst Minimum Earth Maximum Earth The Hurst Minimum Earth Maximum Earth
exponent value magnetic field magnetic field exponent value magnetic field magnetic field

strength (nT) strength (nT) strength (nT) strength (nT)

FRN 0.6028± 0.0508 48 760 48 800 0.5779± 0.0683 48 780 48 810
VIC 0.6783± 0.0722 54 200 54 330 0.5352± 0.0624 54 270 54 280
NEW 0.6075± 0.0639 55 170 55 320 0.5342± 0.0632 55 250 55 260
SIT 0.3571± 0.0622 55 750 56 320 0.5055± 0.0680 56 050 56 070
FCC 0.3980± 0.0597 58 410 59 260 0.7066± 0.0561 58 940 58 980

to 58 410 nT and 48 800 to 59 260 nT, respectively. During
normal periods, the minimum and maximum values of the
Earth’s magnetic field ranged from 48 780 to 58 940 nT and
from 48 810 to 58 980 nT, respectively. The Hurst exponent
value showed a mixture of persistent and antipersistent val-
ues. The SIT and FCC stations showed antipersistent values
during the active period. The values were 0.3571± 0.0622
and 0.3980± 0.0597. During the normal period, the values
were persistent, with 0.5055± 0.0680 and 0.7066± 0.0561.
As for the VIC station, NEW and FRN showed persistent
values during the active period and normal period.

It can be said that the value obtained in the midlatitude re-
gion differs from the value in the high-latitude region during
the normal period, and the active period may be due to differ-
ent values of the Earth’s magnetic field. The minimum Earth

magnetic field for the midlatitude region during the active
period and normal period ranges from 48 760 to 58 410 nT
and from 48 780 to 58 940 nT, respectively. For the maximum
Earth magnetic field, values were 48 800 to 59 260 nT during
the active period and 48 810 to 58 980 nT during the normal
period. This is in contrast to the high-latitude region that has
a higher Earth magnetic field.

In addition to the Earth’s magnetic field, latitude can also
affect the Hurst exponent. It can be seen that station NEW,
VIC, and FRN are nearer to the SAA region, thus resulting
in a persistent value of the Hurst exponent. This is because
in the SAA region the value of the Hurst exponent tends to
be persistent. The SIT and FCC stations are located far from
the SAA region and closer to the high-latitude region where
the region is more likely to be antipersistent.
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Figure 8. Periodogram for the SAA latitude region during the active period and normal period.

Table 5. The Hurst exponent as well as the maximum and minimum strength of the Earth’s magnetic field during the geomagnetic storm
(active period) and normal period for the station in the SAA region.

Station Active period Normal period

The Hurst Minimum Earth Maximum Earth The Hurst Minimum Earth Maximum Earth
exponent value magnetic field magnetic field exponent value magnetic field magnetic field

strength (nT) strength (nT) strength (nT) strength (nT)

VSS 0.6937± 0.0683 23 270 23 350 0.5259± 0.0537 23 340 23 360
HUA 0.5597± 0.0634 25 210 25 470 0.5434± 0.0692 25 320 25 410
HER 0.5871± 0.0613 25 730 25 820 0.5932± 0.0567 25 760 25 810
ASC 0.6232± 0.0519 28 270 28 350 0.5539± 0.0375 28 350 28 380
TSU 0.6002± 0.0569 29 600 29 650 0.6144± 0.0627 29 640 29 670

Figure 8 indicates the periodogram for the SAA region
during the active period as well as the normal period.

For the SAA region, Table 5 reveals the results of the Hurst
exponent value during the geomagnetic storm (active period)
and normal period.

In the SAA region, the value was indicated as persis-
tent during the active period and normal period. The VSS,
HUA, HER, ASC, and TSU stations during the active period
were persistent, with values of 0.6937± 0.0683, 0.5597±
0.0634, 0.5871± 0.0613, 0.6232± 0.0519, and 0.6002±
0.0569, respectively. During normal periods, the VSS, HUA,
HER, ASC, and TSU stations recorded persistent values
with a Hurst exponent of 0.5259± 0.0537, 0.5434± 0.0692,
0.5932± 0.0567, 0.5539± 0.0375, and 0.6144± 0.0627, re-
spectively.

The minimum strength of Earth’s magnetic field in
the SAA region during the active period and normal pe-
riod ranged from 23 270 to 29 600 nT and from 23 340 to
29 640 nT, respectively. As for the maximum Earth magnetic
field in the active period and normal period, the values were
23 350 to 29 650 nT and 23 360 to 29 670 nT, respectively. It
could be possible to say that the SAA region experienced
this characteristic because of the weak Earth magnetic field
it exhibited, whereby high-energy particles in the SAA re-
gion have an effect on the value of the H component.

4 Conclusions

From the research conducted, the observations made show
that the persistent and antipersistent values experienced by
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stations in the high-latitude region and midlatitude region, as
well as the persistent tendency the SAA region experienced
during the active period and normal period, could be due to
the influence of the strength of the Earth’s magnetic field. Re-
gions that have a strong Earth magnetic field are more likely
to be antipersistent. This can be seen in the high-latitude area.
As the Earth’s magnetic field decreases, it is more likely to
appear persistent. This happens in the midlatitude region. Re-
gions where the Earth’s magnetic field is very low show a
tendency to be persistent. This can be seen in the SAA re-
gion.

Certain factors, such as station BLC in the high-latitude
region, which reveal a persistent value even when the Earth’s
magnetic field is high during the active period may be due
to the influence of energetic particles since they occur during
a geomagnetic storm. In addition, the position of a station
can also affect the value of the Hurst exponent. This can be
seen at stations in midlatitude regions such as NEW, VIC,
and FRN which reveal a persistent value as they are much
closer to the SAA region. Similarly, stations such as FCC
and SIT situated in the midlatitude region, which is nearer to
the high-latitude region, display an antipersistent value.

The outcomes obtained from the research show that since
the SAA region is persistent during active and normal peri-
ods in this study, it can imply that a high value in the series
will probably be followed by another high value and that the
values for a long time into the future will also be high. It is
possible for a correlation to be made on the energetic parti-
cles in the SAA region whereby a large number of energetic
particles in the SAA region can also be said to remain high in
the future based on the tendency of the persistent value they
experience.
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