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Geomagnetic disturbances analysis using discrete wavelets
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Resumen

Para estudiar periodicidades y tendencia en tormentas geomagnéticas se aplico la transformada wavelet discreta, usando
la funcién Daubechies. De entre una variedad de técnicas disponibles para analizar variabilidad, el andlisis wavelets ha sur-
gido en la tdltima década como una herramienta estadistica ttil para este propdsito. En el presente andlisis se usé el nimero
de tormentas geomagnéticas desde 1957 al 2004. El andlisis wavelets se aplicé a tormentas con diferentes intensidades. Para
identificar tormentas geomagnéticas se uso el indice ecuatorial Dst. La tendencia durante el periodo analizado no es uniforme,
con minimos alrededor de los afios 1965 y 2000, y un mdximo alrededor de 1990. Se han detectado diferentes periodicidades.
Su comportamiento no es regular a lo largo del periodo analizado. Se discuten posibles causas para la variabilidad obser-
vada.
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Abstract

To assess long-term trends and periodicities in geomagnetic storms, the discrete wavelet transform, using the Daubechies
function, was applied. Among a variety of techniques, which are available for analyzing variability, wavelet analysis has
emerged in the last decade as a useful statistical tool for this purpose. The number of geomagnetic storms from 1957 to 2004
was used for the present analysis. The wavelet analysis has been applied to storms with different intensities. For identify geo-
magnetic storms, the equatorial index, Dst, has been used. The long-term trend during the analyzed period is not a uniform,
with minimum around the years 1965 and 2000, and a maximum around 1990. Different periodicities have been detected.
Their behavior is not regular along the analyzed period, they have different intensity values. Possible causes for the observed

variability are discussed.
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Introduction

Many of the studies of the variability of geomagnetic
activity are based on the analysis of geomagnetic indices
(Clua de Gonzalez et al., 1993; Vennerstrom and Friis-
Christensen, 1996; Rangarajan and Iyemori, 1997; Kane,
1997; Rangarajan and Barreto, 2000), indicating their
periodicities and relating them with the solar activity and
others periodic parameters. Some of which have indicated
the fact that the recurrent behavior in the geomagnetic
activity is not constant along time.

The geomagnetic activity has a seasonal variability
with maxima in the equinoxes (Russell and McPherron,
1973; Clua de Gonzalez et al., 1993). Gonzalez and
Tsurutani (1992) found, during the period 1975-1986, a
great seasonal modulation in the distribution of intense
geomagnetic storms with Dst <-100 nT.
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Cliverd et al. (1998, 2002) analyzed the occurrence of
magnetic storms, with geomagnetic index, aa *> 40 nT,
among the years 1868 and 2000. They found an increase
in the storm activity in all the phases of the solar cycle.
In this work, the discrete wavelet transform, using the
Daubechies function, was applied to assess periodicities
and long-term trends, from 1957 to 2004. to: i) monthly
number of geomagnetic storms and ii) yearly number of
geomagnetic storms of different intensity.

Data Analysis

The magnetic storm as defined by values of the
equatorial geomagnetic index, Dst<-50 nT.

The Dst index monitors the disturbance of the
horizontal component of the geomagnetic field (H) at the
dipole equator on the Earth’s surface (Mayaud, 1980)
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monitoring the ring current state. The hourly values of Dst
index from January 1957 to December 2004, available at
the World Data Center- C2, Kyoto University (Japan),
were used.

A decomposition of the series was performed using
Daubechies wavelets by estimating first the coefficients
of all the components (details and approximation) up to
alevel 6.

We used Daubechies wavelet because it is a commonly
used family of wavelets (Daubechies, 1988, 1992) for
discrete analysis. They are the only wavelets having
a finite support (they are non-zero only over a finite

la

-3
Year
1b
2
0
1955 G 1 9 2005
-2
Year
1c
2
0
1955 65 7 1 9 2005
-2
Year

258

range) with full scaling and translational orthogonality
(Horgan, 1999). While details contain the high frequency
information of the series, the approximation reflects
its slowest variations. In fact, details correspond to the
reconstruction of the series after going through a high-pass
filter, while the approximation corresponds to the low-
pass filtered series. The discrete wavelet analysis (DWT)
using the Wavelet Toolbox for Matlab was applied.

The reconstruction of the components (details and
approximation) has shown in Figs. l1a-f. Besides, for each
reconstruction, we have also calculated the well known
Fourier spectrum.
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Fig. 1. Reconstruction of the components and Fourier spectrum of the monthly number of geomagnetic storms occurred from 1957 to
2004. a) Detail 2, b) Detail 3, ¢) Detail 4, d) Detail 5, e) Detail 6 and f) Approximation 6.

Following, each periodicity is analyzed separately
~ 0.5 -year cycle

The semi annual cycle (Fig. 1a) appears as the strongest
periodicity. It has long been recognized that geomagnetic
activity exhibits this periodicity (Chapman and Bartels,
1940, Fraser-Smith, 1972; Russell and McPherron, 1973)
with the greatest activity near equinoxes. Its possible cause
has been a point of debate and has been reviewed by many
authors (Murayama, 1974; Schreiber, 1998; Cliver et al.,
2000) who coincide in three causes: 1) the axial effect, that
is the variation of the position of the Earth in heliographic

latitude and the concurrent increase in solar wind (SW)
speed at higher heliographic latitudes, 2) the equinoctial
effect, that is the varying angle of the Earth’s dipole with
respect to the Earth-Sun line or rather the SW velocity and
thus presumably a varying efficiency of coupling with the
SW and 3) the Russell-McPherron effect, an effect due
to the larger z-component of the interplanetary magnetic
field (IMF) near the equinoxes in geocentric solar
magnetospheric (GSM) coordinates which in turn is due
to the tilt of dipole axis with respect to the heliographic
equatorial plane. Crooker et al. (1992) indicate that high
value of the BS component of the interplanetary magnetic
field would be responsible of this seasonal distribution in
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the occurrence of strong storms. Bell et al. (1997) found
that strong geomagnetic storms happen more frequently
near the equinoxes and in the descent of the solar cycle.

~ Mid-term quasi-periodicities

Level 3 (Fig 1b), presents a band periodicity around
1 year. Several authors have shown the presence of
the 1.3-year periodicity in geomagnetic and auroral
activity (Shapiro, 1967; Fraser-Smith, 1972; Delouis
and Mayaud, 1975, Szabo et al., 1995; Silverman and
Shapiro, 1983) with varying significant levels at different
times. Richardson et al. (1994), who noted this periodicity
in SW speed, speculated that it might be related to the
topology of coronal holes and to the formation of open
magnetic structures. Gazis et al. (1995) and Gazis (1996)
suggest that these variations must originate quite close to
the Sun, probably in the SW source region. Valdez Galicia
et al. (1996) showed that a 1.7 year periodicity is present
in cosmic rays in solar cycle 21. Mursula and Zieger
(2001) have shown that a mid term variation in cosmic
rays present a very close connection with the similar
periodicities in SW and geomagnetic activity, who present
alternating periods for even and odd cycles; during the last
70 years. The main quasi periodicities are 1.3 — 1.4 years
during cycles 20 and 22 and 1.6-1.7 for cycles 19 and 21.
Periodicity values between 1 and 2 years are shown in fig
Ic, too.

~ Quasi-biennial cycle

Level 4 presents peaks at around 2-2.5 years (Fig. 1c).
Several authors have identified a quasi-biennial oscillation
(QBO) in geomagnetic activity. Among them, Stacey and
Westcott (1962) attributed this oscillation to the extension
of the equatorial stratospheric QBO to ionospheric
heights; Yacob and Bhargava (1968) argued that its source
was a biennial periodicity in solar UV radiation; Raja Rao
and Joseph (1971) suggested an association between its
mechanism and the equatorial electrojet; and Olsen (1994)
and Olsen and Kiefer (1995) postulated that the observed
QBO in geomagnetic variations could be caused by a
dynamo action of a QBO in lower thermospheric winds.
Jarvis (1996) arrived at conclusions similar to Olsen’s
analyzing data of a high latitude station. Kane (2005)
have analyzed the QBO present in solar, interplanetary
and terrestrial parameters. The solar indices presents a
QBO that is strong near solar maximum, the cosmic rays
observed on Earth presents similar distribution of peaks.

~ 3.5 -year cycle
Acycle of around 3.5 years, a quasi-triennial oscillation

(QTO), is detected during the whole period in level 5 (Fig.
1d). From a study of geomagnetic storms, Gonzalez et al.
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(1990) and Gonzalez et al. (1993) showed that the yearly
distribution of storms present two peaks around the solar
maximum: one at the solar maximum or slightly earlier
and the other in the early part of the descending phase. The
average separation of these peaks is between 3 and 4 years.
It may be related to a similar dual-peak structure presented
by the intensity of certain coronal processes, as shown by
Gnevyshev (1967) and Gonzalez et al. (1996). Therefore,
there exist mechanisms in different phases of the solar
cycle that explain this periodicity. A similar oscillation
was also detected by Rangarajan and Iyemori (1997) in
Ap index. They attribute this quasi-periodic fluctuation
to the change in high speed SW streams associated with
sector boundary passages rather than due to the dual peak
distribution of intense geomagnetic storms as suggested
by Gonzalez et al. (1993). Kane (2005) also studied this
oscillation and their differences with the QBO in solar,
interplanetary and terrestrial parameters.

We detected this periodicity very important for severe
storms.

~ 5.5 -year cycle

This band around 5 years (detail 5 and detail 6, Figs.
1d and le) is observed also in aa index (Echer et al.,
2004a). It is detected in SW speed and in the intensity
of the interplanetary magnetic field, B, (Rangarajan and
Barreto, 2000). Some authors consider that the periodicity
of 5.5 years in the solar activity, indicated by Rz, is the
second harmonic of the 11 year- cycle (Sugiura, 1980,
Djurovic and Paquet, 1996). Our results have shown this
periodicity for all cases studied.

~ 11-year cycle

This periodicity is present with significance in detail
6, Fig. le. This oscillation is observed almost in phase
with the solar activity cycle and it has been examined in
several studies.

In fact, Vennerstrom and Friis-Christensen (1996)
had already noticed a high correlation between the solar
activity and a ring current measure, even higher than the
correlation with aa index. Moderate storms present this
periodicity as important as 5.5 years one.

Long-term trend

The long-term trend in the monthly number of storms
(Fig. 1f) during the analyzed period is not a uniform or
linear trend. It is similar that of Dst and aa geomagnetic
indices (Fig. 2, Zossi de Artigas et al., 2006): minimum
around the years 1965. Our results present another
minimum around the 2000’s. Many works exist on the



long term variation of geomagnetic indices. Russell
and Mulligan (1995) analyzed the average behavior of
the index aa and they also suggest long term variations
in the field of the polar region of the Sun. Cliverd et al.
(1998) detected an increase in the number of storms in
all the phases of the solar cycle, but in the minimum the
increment is 40% superior to the other phases, concluding
that the cause is a higher solar activity. Vennerstrom
(2000) proposes that the growing tendency in geomagnetic
activity is due to an increment in the parameters of the
SW. Besides, Echer er al. (2004b) results have shown that,
the correlation and lag variation between sunspot number
(Rz) and aa geomagnetic index long-term (annual)
averages would probably caused by a stronger role of
co-rotating interaction regions. This seems to indicate an
increase in open solar magnetic field structure strengths
to drive geomagnetic activity in comparison to the closed
ones.
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Fig. 2. Low-pass filtered aa (solid line) and Dst (enhanced line)

indices assessed as the approximation at level 7 obtained with a

discrete wavelet transform using Daubechies 7. From Zossi de
Artigas et al., 2006.

Discussion and conclusions

Fourier analysis is a method for the analysis of
stationary time series. Since it extracts global information,
non-stationarities in a small time interval may not be
captured by the Fourier spectrum. (Chiann and Morettin,
1998). Wavelets provide a time-frequency window,
which shrinks for high frequencies and widens for low
frequencies, capturing the local behavior of the signal.

The discrete wavelet transform, using the Daubechies
function, was applied to obtain periodicities and long-term
trends in the number of geomagnetic storms, from 1957
to 2004. The behavior of the periodicities is not regular
along the analyzed period, they have different intensity
values, like peaks around 1990 (details 3 and 4).
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The long-term trend is similar, to that of Rz, what
suggests that these variations may be due to changes in
the Sun. Gonzalez et al. (1990) studied the frequency
distribution of intense geomagnetic storms with the solar
cycle and found that did not agree with the evolution of
the number of sunspots. Cliver and Ling (2002), based
on the similarity of the secular variations of aa and Rz,
attribute a solar origin to the geomagnetic activity.

The wavelet transform is without doubt a powerful
tool. Although the results do not differ much from those
of other authors, the contribution of this work is the
assessment of the oscillations in the amount of storms
of different intensity, using local wavelet spectrum and
the significance between the different periodicities like,
the 5.5 years periodicity is as important as the 11 years
one. The time variation of the pattern of each cycle is due
to the fact that the formation of the storm-time is linked
to solar sources which, in turn, do not present cycles of
constant periodicities and amplitude over time.
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