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ABSTRACT 

The magnetosphere of the Earth is temporarily changed by geomagnetic disturbances. Geomagnetic 

disturbances are caused by solar wind, shock wave or clouds of solar magnetic field. During their 

interactions energy is transferred into the magnetosphere. Apart from this, solar wind pressure also 

compresses the magnetosphere. Both kinds of interactions cause an increase in plasma movement through 

the magnetosphere and ionosphere. The geomagnetic disturbances may sustain for a few minutes to many 

hours depending upon the intensity of energy and particles released from the Sun. The geomagnetic 

disturbances are measured by geomagnetic indices for short periods of time. In this work, we discuss the 

impact of peculiar type of geomagnetic disturbances known as high intensity long duration continuous 

auroral activity on the Earth’s ionosphere. This analysis leads to understand the impact on communication 

system due to coupling between solar terrestrial environments. It will also broaden the various aspects on 

how ionospheric critical frequency (foF2), F2 layer peak density height (hmF2), high frequency (hF) and 

horizontal component of earth magnetic field can be lifted from lower to higher altitudes. 
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INTRODUCTION 

Electric current in ionosphere and magnetosphere 

plays a significant role in the magnetic field of 

the Earth (Chapman & Bartels, 1962). Different 

solar activities change the current system in 

entire magnetosphere and ionosphere which 

causes variation in the Earth’s magnetic field 

called geomagnetic disturbance (Guarnieri et al., 

2006). The magnetic reconnection between 

southward interplanetary magnetic field (IMF) 

and Earth’s dayside magnetic field is the key 

reason for geomagnetic disturbances, which give 

rise to an electrodynamics coupling between the 

solar plasma and the magnetosphere (Dungey, 

1961; Gonzalez et al., 1994; Adhikari & 

Chapagain, 2016; Adhikari et al., 2017). The 

solar sources of the geomagnetic disturbances are 

known to have various interplanetary 

manifestations like coronal mass ejection 

(ICMEs), magnetic clouds, co-rotating 

interaction region (CIR) and other interplanetary 

structures like interplanetary shocks (IPS), 

heliospheric current sheet (HCS) and sector 

boundary (SB) (Wei et al., 1994; Gonzalez et al., 

1999; Klein & Burlaga, 1982). 

The energy released in the atmosphere in course of 

the violent magnetic storms may lead to reduction 

of lifetime of low Earth orbiting satellite, satellite 

communication failure, data loss and navigation 

errors. GPS measurement and geophysical surveys 

may give errors. Due to high radiation and lack of 

contact with the ground station the space travelers 

have maximum chance of radiation exposure. The 

intense magnetic storm may damage power 

transmission lines and erode the pipelines and 

cables. Space crafts may not respond to their 

respective stations. Such violent magnetic storms 

may have devastating effects on human life and 

technological system (Lakhina et al., 2005). 

Coronal holes occur frequently during descending 

and minimum phases of solar cycle, radiating high 

speed streams constituting of highly fluctuating 

Alfen waves, of velocities greater than typical 

solar wind. Their difference gives rise to interface 

region, Corotating Interaction Region (CIRs), in 

the interplanetary medium. These high speed 
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streams initiate moderate geomagnetic storm as a 

result of high fluctuations in the southward 

oriented Bz-component of the Interplanetary 

Magnetic Field (IMF). With decrease in the 

fluctuation in IMF (Bz), the storm results in 

prolonged recovery phase. HILDCAA (High 

Intensity Long Duraion Continuous AE activity) is 

defined as prolongation in duration of high 

intensity and continuous auroral activities. 

(Tsurutani & Gonzalez, 1987; Tsurutani et al., 

2004; Guarnieri et al., 2006; Hajra et al., 2013; 

Hajra et al., 2014a; Hajra et al., 2014b; Adhikari 

& Chapagain, 2016). The auroral activity can be 

measured by the AE (auroral electrojet) index, 

which monitors the horizontal component of 

disturbed magnetic field in the auroral zone 

(Rostoker, 1972). Tsurutani and Gonzalez (1987) 

defined HILDCAA events as   intervals where: 

(1) AE peak values exceed 1000 nT, (2) the 

durations were greater than 2 days, (3) the AE 

values never dropped below 200 nT for more 

than 2h at a time, (4) HILDCAAs must occur 

outside of the main phases of magnetic storms. 

Our knowledge regarding the effects of 

HILDCAA on the ionosphere is inadequate. The 

daily and seasonal variation in geomagnetic 

parameters is also produced by fluctuation of 

current in ionosphere (Adhikari et al., 2017). In 

this paper we analyzed the effect of HILDCAA. 

The dataset were taken from Tacuamionospheric 

station in Argentina and magnetometer data form 

Vassouras station in Brazil. The present study is 

also an effort to extrapolate the effects of 

HILDCAA events on electric fields and 

thermospheric winds. 

 

DATASET AND METHODOLOGY 

In this paper, we have analyzed the impacts of 

HILDCAA on ionospheric F2 layer and ground 

magnetometer during 20-23 April 2003. For this 

work, the solar wind, ionospheric (for Tucuam 

stations) and magnetometer (for Vassouras stations) 

datasets were downloaded from the web pages: 

www.omni.nasa.org, www.cdaweb.gsfc.nasa.gov 

and www.intermagnet.org respectively. 

 

Discrete Wavelet Transform (DWT): 

For proper interpretation, discrete and continuous 

wavelet analysis have used. DWT techniques like 

Harr wavelet reflect the drastic fluctuation in the 

geomagnetic field (Daubechies, 1992; Chui 1992). 

In order to analyze the local disturbances in the 

signal, we took Daubechies wavelet coefficients 

(Gonzalez et al., 1994, Kalausner et al., 2014). The 

advantage of this method is it can detect the first 

order disturbances along with its derivatives 

(Adhikari & Chapagain, 2016). DWT is not only 

used to find the change in signal but also to 

detectthe singularities present in signals. Besides 

this, it also detects the singularities presence in the 

signals (Domingues et al., 2005; Mendes et al., 

2005). The larger and smaller values of amplitude 

of wavelet coefficients direct the energy deposited 

in the ring current and also show their localized 

positions (Klausner et al., 2014). The highest and 

lowest values of square wavelet coefficient during 

acute active stage and quiet condition are their 

indicators.  

 

Continuous Wavelet Transform (CWT) 

CWT is used to provide the reliable description of 

the signal in term of time and frequency domain. In 

this transformation a continuous signal is expressed 

into wavelets (Grassmann & Morlet, 1983; 

Adhikari & Chapagain, 2016). The CWT 

coefficientisis defined as  

W (a, b) = ʃ f(t)   ((t – b)/a) dt; 

Where   represents the complex conjugate of   

and the parameters a and b are scaling and shifting 

factors respectively and W (a, b) gives the values of 

the coefficients. The duration of the high and low 

frequency is identified by this technique. 

 

RESULTS AND DISCUSSION 

In figure 1, from top to bottom the panels 

represent the variation of ionospheric parameters 

foF2, hF, hmF2 and  H-component along with 

the geomagnetic indices SYM-H (nT), ASY-H 

(nT) and AE (nT) respectively for 109-115 days 

of the year 2003. The figure indicates that the 

HILDCAA event starts at the mid-day of 110
th 

(20
th

 April, 2003) day to the beginning of 113
th 

day (23
th

 April, 2003). The figure also shows that 

there is a great fluctuation in the values of 

ionospheric parameters. Variation on foF2 seems 

to follow a regular pattern whereas the value of 

hF and hmF2 is maximum on the mid-day of 

111
th 

day. The horizontal component of Earth 

magnetic field also shows fluctuation during this 

event. The SYM-H index shows depression in its 

values below the reference level whereas ASY-H 

has positive values with a maximum of about 85 

nT. The AE index shows intense activity from 

mid-day of 110
th 

day to the beginning of  

113
th 

day. 
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Fig. 1. The variation of ionospheric parameters 

foF2, hF, hmF2 and ∆H (nT) component along 

with the geomagnetic indices SYM-H (nT), ASY-H 

(nT) and AE (nT) respectively during HILCAA 

event on 20-23 April, 2003. The red horizontal 

arrow in AE panel indicates the HILDCAA 

interval. 

 
 

Fig. 2. The variation of IMF-Bz (nT) and 

geomagnetic indices Kp, ap (nT), SYM-H (nT), 

ASY-H (nT) and AE (nT) respectively during 

HILCAA event on 20-23 April, 2003 and the red 

horizontal arrow in AE panel indicates the 

HILDCAA interval.

 

CWT Analysis  

   

(a) (b) (c) 

Fig. 3. Scalograms for ionospheric critical frequency (foF2), F2 layer peak density height (hmF2) and 

high frequency (hF) during the 109-115 days of the year 2003. 
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Figure 3(a), (b) and (c) represent the Scalograms 

for ionospheric critical frequency (foF2), F2 layer 

peak density height (hmF2)and high frequency (hF) 

during the 109-115 days of the year 2003. The 

same data sets that we presented above are used. 

The signal energy in wavelet space represented in 

the scalograms is imagined using a log2 function 

that highlights likewise little irritations. In the 

figures, the horizontal axis represents the time in 

days and the vertical axis represents the periodicity 

in minutes. The amplitude represented in the plot 

whose color are demonstrated on the right side for 

F2 layer peak density height (hmF2), high 

frequency (hF) and ionospheric critical frequency 

(foF2). Breaking down the scalograms, the 

characteristic of ionospheric critical frequency 

(foF2) demonstrates continuous periodicities 

throughout our significance zone. F2 layer peak 

density height (hmF2) demonstrates a high 

variability in periodicities and high frequency (hF) 

demonstrates moderate variability with time 

without presence of continuous periodicities. The 

power ranges of higher intensity were seen 

continuously for more than a day for the 

ionospheric critical frequency (f0F2) and high 

frequency (hF). For instance, the power zones of 

the highest intensity for the F2 layer peak density 

height (hmF2) has been observed at time period 

between 16 to 26 minutes with peak intensity of 7 

to 8 Km during the starting of the day 111 which is 

completely inside our significance zone. 

Similarly, the power areas for the high frequency 

(hF) are between periods of 110 to 128 minutes 

with peak intensity reaching up to 7 to 8 Km 

starting early from 111
th
 day to afternoon of 113

th
 

day. Another power area has also been observed 

with a period of 20 to 40 minutes with peak 

intensity reaching up to 7 to 8 Km as above starting 

from morning of day 111 and ending later at night 

of the same day. The observation of two different 

power areas with same peak intensity but with 

different periodicities at the same time suggests that 

two activities of significant effect have occurred 

during that time of the day. 

The ionospheric critical frequency (foF2) seems to 

follow a regular periodicity of 110 to 128 minutes 

with the peak intensity reaching up to 10 MHz 

throughout the days of 111, 112 and 113.  

The event follows the regular pattern on the starting 

of day 111 to the end of the day 113 which however 

lies outside our significance zone. It is notable that 

for all the parameters, the variation on foF2 seems 

to follow a regular pattern whereas the values of hF 

and hmF2 are maximum on the mid-day of 111th 

day. These results show that periodicity is 

expressing almost continuously throughout 110 to 

128 minute scale of periodicity for ionospheric 

critical frequency (foF2) and high frequency (hF). 

However, at the period scales above 16, we can see 

periodicity is expressing highly discontinuously 

throughout the days. Considering the relation of 

periodicity and frequency, the zones where 

periodicity was found to be less are more frequent. 

Finding a zone with less periodicity and high peak 

intensity could be of our interest which is 

significant for F2 layer peak density height (hmF2) 

and high frequency (hF) where periods of 16 to 26 

minutes and 20 to 40 minutes was found 

respectively with a peak intensity of 7 to 8 Km. 

Finding a peak intensity of such a high value at low 

periodicity strongly suggests F2 layer peak density 

height (hmF2) and high frequency (hF) are 

significantly demonstrating an intense activity. 

Figure 2 is similar to figure 1 with respect to its 

variation on geomagnetic indices. Moreover, it 

shows that during HILDCAA events, the 

component of magnetic field shows high level of 

fluctuations due to the presence of Alfven waves 

(Guarnieri et al., 2006). This fact can also be 

corroborated by fluctuations in density and speed of 

the solar wind plasma. 

 
Fig. 4.The squared Daubechies Wavelet 

coefficients (dj)
2

(for j= 1,2,3) for hmF2 

component during HILCAA events in between  

19-22 April, 2003. 
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Figure 4 illustrates information on the results of 

discrete wavelet transform hmF2 during same event 

from 19 to 22 April, 2003. The higher amplitudes 

of the square wavelet coefficients indicate the 

singularities or discontinuities in records associated 

with geomagnetic storm or HILDCAA. Smaller and 

larger amplitude of square wavelet coefficients 

indicate calm and disturbed conditions of 

magnetosphere respectively. This technique has 

identified the sudden variations on hmF2 at the 

time of HILDCAA. 

 

Fig. 5. The squared Daubechies Wavelet 

coefficients (dj)
2

(for j= 1,2,3) for foF2 Component 

during HILCAA events in between 19-22 April, 

2003. 

 

Figure 5 elucidates information on the results of 

discrete wavelet transform for foF2 during the same 

event from 19 to 22 April, 2003. The higher 

amplitudes of the square wavelet coefficients 

indicate the singularities or discontinuities 

associated with HILDCAA. Smaller and larger 

amplitude of square wavelet coefficients indicate 

calm and disturb conditions of magnetosphere 

respectively. The major objective of this technique 

is to indicate the sudden fluctuations that occur on 

foF2 during HILDCAA. 

 

Fig. 6. The squared Daubechies Wavelet 

coefficients (dj)
2

 (for j= 1,2,3) for hF component 

during HILCAA events in between 19-22 April, 

2003. 

 

Figure 6 points out the information on the results of 

discrete wavelet transform for hF during same 

event. The higher amplitudes of the square wavelet 

coefficients indicate the singularities or 

discontinuities produced during HILDCAA. 

Smaller and larger amplitude of square wavelet 

coefficients indicate calm and disturb conditions of 

magnetosphere respectively. The main objective of 

this technique is to identify the sudden variations 

that occur on hF at the time of HILDCAA. 

 

CONCLUSION  

During HILDCAA, the increased rate of 

photoionization and its recombination leads to the 

variation of foF2, hmF2 and hF on the ionosphere. 

The increased solar flux is taken as the main factor 

for the variation on these parameters. Our analysis 

showed that no sharp variation on foF2 has been 

observed during HILDCAA.  It shows significant 

fluctuation and variation on ionospheric parameters 

can be easily noticed. However, the maximum 

value of hF and hmF2 observed on the mid-day of 

111
th 

day. The maximum value of hF and hmF2 are 
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observed on the mid-day of 111
th 

day. The 

depression in   H component and  SYM-H index 

deeps below the reference level whereas ASY-H 

has positive values which goes to some  maximum 

value of about 85 nT. The intense activity in AE 

index noticed from mid-day of 110
th 

day to the 

beginning of 113
th 

day. The variation in AE 

conforms that during HILDCAA there is 

continuous injection of charged particles inside the 

polar region. Moreover, it shows that during 

HILDCAA events, the component of magnetic field 

shows high level of fluctuations due to the presence 

of Alfven waves. This fact can also be corroborated 

by fluctuations in density and speed of the solar 

wind plasma. 
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