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Abstract: The purpose of this study was to analyze the associated spectrum of geomagnetic field, frequencies intensity and the time 
of occurrence. We calculated the variation of the correlation coefficients, with mobile windows of various sizes, for the recorded 
magnetic components at different latitudes and latitudes. The observatories we included in our study are USA (Surlari), HON 
(Honolulu), SBA (Scott Base), KAK (Kakioka), THY (Tihany), UPS (Uppsala), WNG (Wingst) and Yellowknife (YKC). We used 
the data of these observatories from International Real-time Magnetic Observatory Network (INTERMAGNET) for the geomagnetic 
storm from October 28-31, 2003. We have used for this purpose a series of filtering algorithms, spectral analysis and wavelet with 
different mother functions at different levels. In the paper, we show the Fourier and wavelet analysis of geomagnetic data recorded at 
different observatories regarding geomagnetic storms. Fourier analysis hightlights predominant frequencies of magnetic field 
components. Wavelet analysis provides information about the frequency ranges of magnetic fields, which contain long time intervals 
for medium frequency information and short time intervals for highlight frequencies, details of the analyzed signals. Also, the 
wavelet analysis allows us to decompose geomagnetic signals in different waves. The analyses presented are significant for the 
studies of the geomagnetic storm. The data for the next days after the storm showed a mitigation of the perturbations and a transition 
to quiet days of the geomagnetic field. 
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1. Introduction 

A geomagnetic storm is a temporary disturbance of 

the Earth’s magnetosphere caused by a disturbance in 

space weather. Associated with solar coronal mass 

ejections, coronal holes, or solar flares, a geomagnetic 

storm is caused by a solar wind shock wave which 

typically strikes the Earth’s magnetic field 24 to 36 h 

after the event.  

This only happens if the shock wave travels in a 

direction toward Earth. The solar wind pressure on the 

magnetosphere will increase or decrease dependence 

on the Sun’s activity.  

These solar wind pressure changes modify the electric 

currents in the ionosphere. Magnetic storms usually 

last 24 to 48 h, but some may last for many days. 
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These geomagnetic disturbances occur at the level 

of the entire planet, but with different intensities 

depending on the latitude of the location of the 

observatory in which we measure. 

These geomagnetic storms or substorms may 

damage many technological or critical systems [1], 

depending on the intensity of the geomagnetic 

activity. 

In Ref. [2], Kamide described recordings of 

geomagnetic storms in different geomagnetic 

observatories from point of view of amplitudes and 

energy flux of geomagnetic storm. Also, the analysis 

of geomagnetic storms is dealt with in many works 

from which we can recall the following: Refs. [3-7].  

The wavelet analysis allows us to decompose a 

signal in different waves, called wavelets [8-11]. In 

the case of this paper, we refer to the magnetic field 

components. The wavelet methodology is described in 

detail in the signal processing documentation, such as 
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Fig. 2  North geomagnetic field on Surlari Observatory, on October 28th, 2003, 0:24, minute mean, and spectral analyses. 
 

 
Fig. 3  Derived from the North geomagnetic field on Surlari Observatory, on October 28th, 2003 and spectral analyses. 
 

Figs. 4-9 show the wavelet power spectra themselves, 

an important advantage of wavelet analysis over 

spectral analysis. On the horizontal axis we have the 

time dimension. The vertical axis gives us the periods. 

The power is given by the colour. The colour code 

indicates ranges of power from blue to yellow. 
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Fig. 4  Absolute coefficients, function db1, level 5 and wavelet image with frequency, time and amplitude, for North 
geomagnetic field. 
 

 

 
Fig. 5  Absolute coefficients, function db1, level 5 and wavelet image with frequency, time and amplitude for derivation of 
North geomagnetic field. 
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Fig. 6  Wavelet coherences between minute means of North components of the geomagnetic field, on October 28th, 2003, 
from Surlari Observatory and HON (Honolulu) Observatory. 
 

 
Fig. 7  Wavelet coherences between minute means of North components of the geomagnetic field, on October 28th, 2003, 
from Surlari Observatory and THY (Tihany) Observatory. 
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Fig. 8  Wavelet coherences between minute means of North components of the geomagnetic field, on October 28th, 2003, 
from Surlari Observatory and WNG (Wingst) Observatory. 
 

 
Fig. 9  Wavelet coherences between minute means of North components of the geomagnetic field, on October 28th, 2003, 
from Surlari Observatory and YKC (Yellowknife) Observatory. 
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Figs. 6-9 are show the wavelet coherence between 

geomagnetic field recorded at different observatories 

during the geomagnetic storm and display the result. 

The sampling rate was 1 min and a time-frequency 

plot of the wavelet coherence was obtained, used to 

indicate the relative lag between coherent components 

[13]. The arrows are oriented in the direction of the 

phase difference between the two signals. 

These types of analyses resulted in a precise 

localization of the times when the high frequency 

components represented by the pulsations were 

present, as well as the value of the low frequency 

components represented by the periodic oscillations of 

8 h, 12 h and 24 h. The maximum period of magnetic 

disturbance was manifested by a decrease or even a 

lack of periodic oscillations. Another advantage of 

wavelet analysis refers to the intervals in which 

sudden variations in the amplitude of the analysed 

geomagnetic signal are present and unaltered. 

4. Conclusion 

While the Fourier transform cannot show which of 

the harmonic components is present at a time in the 

geomagnetic data series, wavelet analysis gives us 

information in the form of a three-dimensional graph 

(time, frequency, amplitude) or a two-dimensional 

shape, when the amplitude is encoded by colour 

intensity levels.  

A first step in the wavelet analysis is STFT, applied 

successively with different narrow windows, for the 

best accuracy of time location. Increasing the window 

improves the resolution in frequency but decreases the 

resolution in time. 

Although wavelet analysis provides additional 

information in comparison with Fourier analysis, it 

should be viewed under the Heisenberg principle of 

uncertainty, which states that the product between 

time and frequency of a signal is limited to a non-zero 

value. 

One of the advantages of wavelet analysis 

compared to Fourier analysis is the flexibility in 

choosing the mother function. 

The wavelet transform is one of the ways of 

representing the signals in the multi-resolution 

analysis where the analysed geomagnetic signal is 

described by a sequence of approximations that 

contain more and more information. 

Each level of approximation contains on the one 

hand all the information available at the previous level 

plus an additional detail component. 
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