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Focusing on the classification of solar winds into three types of flux: (1) slow winds, (2) fluctuating 
winds, and (3) high speed-solar winds HSSW (V ≥ 450 km/s on average day), the influence of the 
convection electric field (EM) via the flow of HSSWs during storms in the internal magnetosphere and on 
the stability of magnetospheric plasma at high latitudes was investigated. The study involved 1964-2009 
period, which encompasses solar cycles 20, 21, 22 and 23. The results show a weak correlation of the 
frozen electric field profiles with the HSSWs overall solar cycles and a very large number of HSSWs 
recorded in cycle 23. Particular attention has been paid to solar cycle 22 which rather presents a fairly 
disturbed profile with sudden variations in solar flux and EM field; however, solar cycle 21 records the 
lowest level of HSSW. Overall, over all the studied solar cycles, it can be seen that the EM field from 
HSSWs of very low intensity increases progressively from solar cycle 20 to cycle 23, respectively with a 
minimum occurrence of 8.48% and a maximum of 9.36%. The results reached show, on one hand, that 
the magnetosphere is very stable from 15:00UT to 21:00UT, and on the other hand, that there is a 
significant transfer of mass in the night sector (21:00UT-24:00UT) than on the day side (00:00UT-
15:00UT) for all solar cycles over the long period of 45 years. 
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INTRODUCTION 
 
Magnetospheric convection electric field (EM) is a key 
parameter in all existing theories when it comes to the 
mechanism of magnetic disturbances in the upper 
atmosphere. These disturbances, more intense via the 
solar flux at high speed, can have a possible impact on 
human health (Schwenn, 2006; Belisheva, 2019; 
Abdullrahman and Marwa, 2020; Hapgood et al., 2021) 
as well as technological systems (satellites, planes, 
telecommunications, etc). 

Magnetospheric convection is seen as a fundamental 
driver of magnetospheric processes (Dungey, 1961; 
Axford and Hines, 1964). Component of the ionosphere/ 
magnetosphere coupling, EM specifies the motion of the 
plasma in the internal magnetosphere (Matsui et al., 
2008). It contributes with the corotating electric field 
related to the rotation of the earth to the magnetospheric 
electric field (Khazanov et al., 2004; Maus, 2017).  

Considerable  progress  has been made on the study of  
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the EM field (Kivelson, 1976; He et al., 2010; Kunduri et 
al., 2018). These include the study of magnetospheric 
electric fields and their variation with geomagnetic 
activity, numerical simulations on the internal 
magnetosphere-ionosphere convection, the study of the 
small-scale magnetospheric electric field observed by the 
Double Star TC-1 satellite (Matsui et al., 2008; Kivelson, 
1976). 

However, its large-scale study is poorly understood due 
to its low value in time and space (Fälthammar, 1989; 
Matsui et al., 2003). Also, this field measurement is 
technically very difficult, except in the relatively dense 
plasma of the ionosphere (Fälthammar, 1989). Indeed, 
first measurements were made from rockets and 
satellites at low latitude, while measurements at high 
latitude and in the magnetopause were made much later. 
Even today, only a few missions have included direct 
measurements of the magnetospheric electric field in 
high latitude regions such as the ―Parker Solar Probe‖ 
mission launched on August 12, 2018 in Florida and 
―ESA S SMILE‖ class mission whose launch is scheduled 
for 2023. Therefore, many studies used data from the 
electric field on one hand and the magnetic field on the 
other hand, acquired at high latitudes (Kim et al., 2013; 
Kunduri et al., 2018) and at latitudes equatorial (Kelley et 
al., 1979; Fejer and Scherliess, 1995; Fejer et al., 2007). 
Since there is no way to determine directly the EM field 
overall distribution, various empirical and mathematical 
models have been provisionally constructed, with varying 
degrees of complexity (Wu et al., 1981; Pierrard et al., 
2008; Matsui et al., 2013). 

This paper is interested in the study of the geo-
efficiency of the inner magnetosphere for 1964-2009 
period. The aim was to compare the dynamics of the 
earth's magnetosphere under two hall cycles when it is 
impacted by the very energetic particles of the high-
speed solar wind. In this study, to determine the EM field, 
linear model of Wu et al. (1981) validated by Revah and 
Bauer (1982) is used, a rather empirical model with a 
confidence level of 99% and a correlation of 97%. The 
objective of the study is to show the influence of HSSW 
on the EM field per solar cycle.  
 
 
DATA AND METHODOLOGY  

 
The dawn-dusk electric field strength is specified empirically by the 
magnetic index Kp distributed in 3 h steps (Maynard and Chen, 
1975; Thomsen, 2004). In doing so, data used in this present article 
are taken over 3-h steps so as to cover a period of 45 years. All 
data were extracted from CDPP site via the link «https://cdpp-
archive.cnes.fr/». A comparison was made with the data available 
on OMNIWeb (http://omniweb.gsfc.nasa.gov/form/dx1.html) and a 
filtering was performed. The two surprising peaks of the frozen 
electric field (in mV/m) and solar wind velocities V (in km/s) were 
considered as erroneous and removed. In this paper, the data are 
called good or reliable, when simultaneously the parameters Ey, V, 
Aa (geomagnetic index) and Bz (component of the interplanetary 
magnetic field IMF) are available. The data inventory for the 
period1964-2009 is shown in Table 1. 

 
 
 
 
The hourly values of the Ey (in mV/m) are converted into EM (in 
mV/m) using the law of field transformation (Wu et al., 1981) 
according to the equation: 

 

                                                           (1) 

 
Since we cannot isolate the behavior of part of the solar winds from 
that of the whole in the case of turbulent flow, it would be necessary 
to take a holistic view. Using this approach, we calculated the daily 
(Equations 2 and 3) and annual (Equation 4 and 5) averages of the 
frozen field and the solar wind speeds:  

 

                                                                           (2) 

 

                                                                         (3) 

 

where  and  are respectively the hourly values of solar wind 

speed  and the frozen electric field . 

 

                                                                           (4) 

 

                                                                           (5) 

 

where  and  are respectively the daily values of  and  with 

n = 365 or 366. 

 
 
RESULTS AND DISCUSSION 
 
High-speed solar winds from 1964 to 2009 
 
Figure 1 shows high speed solar winds annual averages 
evolution from 1964 to 2009. Part of our study period was 
not influenced by high-speed solar winds. It was found 
that the solar wind speeds maximum are generally 
observed at the end of the cycle, that is to say in the 
years of the descending phases. This finding is in 
agreement with other previous studies (Richardson and 
Hilary, 2012; Zerbo et al., 2012; Mursula et al., 2015; 
Borovsky, 2020). 

The observed peaks in 1974, 1986, 1994 and 2003 
belong, respectively to solar cycles 20 (1964-1976), 21 
(1976-1986), 22 (1986-1996) and 23 (1996-2009). The 
more important peak was observed in 2003 with an 
annual average speed of 608.50 km/s (Zerbo et al., 2013; 
Kaboré and Ouattara, 2018). The year 2003 presents the 
frequent occurrence of high-speed solar winds with a 
peak of 1189 km/s recorded on October 31, 2003 
(Tanskanen et al., 2005 ; Reeves et al., 2011). The year 
2003 is a solar cycle 23 year, for the longest time, which 
recorded over 76% of HSSWs.  

In addition, we examined a number of correlations 
(Table 2). It noticed that the profiles of the solar flux 
speed V and the frozen field have no dependency ratios. 
This is confirmed by the curves in Figure 2. 
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Table 1. Data inventory per solar cycle. 
 

Cycle Start/End 
Total 
days 

Total days when 
HSSW are recorded 

Occurrences of 
HSSW (%) 

Occurrences of 
reliable data (%) 

Cycle 20 August 1964 / March 1976 2796 1220 43.6 68  

Cycle 21 March 1976 / September 1986 2892 1241 42.9 75.2 

Cycle 22 September 1986 / May 1996 2421 1019 42.1 69.9 

Cycle 23 May 1996 / January 2009 4593 2356 51.3 99.6 

 
 
 

 
 

Figure 1. Evolution of annual averages of high-speed solar wind velocities from 1964 to 2009. 

 
 
 

Table 2. Correlation between Aa and Kp indices and solar wind parameters from 1964-2009. 
 

Parameter V & Ey V & Aa V & Bz Ey & Bz Aa & Kp 

Correlation -0.04 0.75 0.04 -0.95 0.97 

 
 
 
The absence of correlation between V and Ey and then 
between V and Bz observed, confirms the mechanism of 
protection of the magnetosphere from solar and planetary 
phenomena. Our results are in good agreement with 
those of Maggiolo et al. (2017), Poudel et al. (2019), and 
El-Borie et al. (2020).  

In addition, the graphs in Figure 3 show that the Ey 
field and the Bz component of the interplanetary 
magnetic field (IMF) are in phase opposition. The 
average values of Ey and Bz fields obtained, are 0.031 
mV/m and -0.013 nT, respectively. According to Tsurutani 
et al. (1988) and Herdiwijaya (2019), negative values of 
IMF-Bz in geocentric solar magnetospheric GSM 
coordinates, refer to the south direction. The negative 
correlation  of  IMF-Bz  with  the  Ey  value  of  the  frozen 

electric field in the solar wind, indicates that the southern 
orientation of IMF-Bz could be responsible for the 
initiation of magnetic substorms. Probably, daily 
fluctuations of the magnetic and electric effects of the 
magnetospheric origin currents would play a very 
important role in the magnetic reconnection rate. 

Solar wind velocities vary with distance traveled and 
time, but changes from solar minimum to solar maximum 
produce larger effects (Richardson et al., 2001). To better 
understand the temporal variability of high-speed solar 
winds over the long 45 years period, the data were 
averaged over 24 h in order to more visually capture the 
trend of the variations (Figure 4). 

On the graph of Figure 4, a peak is reached at 12:00UT 
and  the  minima  are  observed  at  night  until sunrise. In  
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Figure 2. Comparative profiles of fast solar wind speeds and frozen electric field 
from 1964-2009. 

 
 
 

 
 

Figure 3. Comparative profiles of the frozen field and the Bz component of the IMF from 
1964-2009. 

 
 
 
doing so, we can hypothesize that the high-speed solar 
winds experience an acceleration from sunrise up to 
12:00UT and after 12:00UT, undergo a deceleration. This 
result corroborates that of Navia (2018). However, the 
low correlation (r = 0.43) between HSSW and time may 
be due to the temporal cadence or variety of the solar 
wind considered in this study. 
 
 
Magnetospheric electric field from 1964 to 2009 
 
Figure    5    represents    the    daily    variability    of   the 

magnetospheric electric field from 1964-2009. In this 
figure, linear regression curves plotted in dotted lines, are 
obtained from the least squares method. Plot shows 
three trends, two increasing and one decreasing with 
relatively different correlations at different times of the 
day. This leads respectively to the low daily averages 
0.090 mV/m for the first trend, 0.088 mV/m for the second 
trend, and 0.089 mV/m for the last trend. Over 1964-2009 
period, we find that with universal time (UT), correlation 
of the EM field is much weak (r = 0.16) from 00:00 to 

15:00 UT, better (r = 0.98) from 15:00 to 21:00 UT, and 
excellent   (r = 1)   from   21:00   to  24:00  UT.   The   first  
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averaged over 24 hours in order to more visually capture the trend of the variations (Figure 4). 
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Figure 4. Average velocities evolution of the HSSW as a function of time. 

 
 
 

study suggests that the intensification of the ring current took place from 00:00UT to 15:00UT 

for all the solar cycles 20 to 23 studied. 

 

 

 

Figure 5: Evolution of EM from HSSW as a function of time. 

 

0.086

0.087

0.088

0.089

0.09

0.091

0.092

0 3 6 9 12 15 18 21 24

E M
 f

ro
m

 H
SS

W
 [

m
v/

m
] 

Universal Time (h) 

Magnetospheric electric field from 1964 to 2009

 
 

Figure 5. Evolution of EM from HSSW as a function of time. 

 
 
 
increasing trend from 00:00 to 15:00 TU with a slope of 
+2.10

-5
 mV/m.s, shows the main phase of the magnetic 

storm (Partamies et al., 2011). The onset of this phase 
corresponds to the beginning of the IMF change from 
north to south. During this main phase, we find that the 
sustained EM field, is directed southward until 21:00UT. 
According to several works (Nishimura et al., 2009; 
Partamies et al., 2011), the IMF southward change 
implies the intensification of the ring current; and 
according to Gonzalez et al. (1994), since the 
geomagnetic storm is  identified by  the  intensification  of 

this type of current, we can conclude in this study that the 
increasing phase of EM field expresses the phase of 
increasing geomagnetic activity. These authors have 
confirmed that a south-facing IMF triggers the increase of 
the convective electric field in the inner magnetosphere, 
however they do not specify the time at which this 
increase is perceptible. Our study suggests that the 
intensification of the ring current took place from 00:00 to 
15:00 UT for all the solar cycles 20 to 23 studied. 

The next trend is decreasing from 15:00 to 21:00 UT 
with   a   slope  of  -6.10

-4
 mV/m.s.  According  to  several  
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Figure 6. Average velocities evolution of the HSSW as a function of time. 

 
 
 
authors (Gonzalez et al., 1994; Nishimura et al., 2009; 
Partamies et al., 2011; Kaboré and Ouattara, 2018), the 
decaying phase of EM field is due to the change of IMF 
from South to North. In view of this argument and for the 
whole solar cycles 20 to 23, we can confirm that IMF 
maintains northward from 15:00 UT until 21:00 UT, and 
turns southward again after 21:00 UT. During this 
decreasing phase, there is a dissipation of energy by the 
inner magnetosphere. In this paper, this dissipation 
observed over a period of 03 h, is corroborated by the 
work of Partamies et al. (2011) and Kaboré and Ouattara 
(2018). This result leads us to suggest that the 
dissipation of solar-derived energy by the earth's 
magnetosphere via HSSWs, varies according to the 
phases of magnetic substorms, in particular, when the 
IMF is oriented North. Moreover, based on the 
assumptions that, magnetospheric convection is 
weakened when IMF shifts from South to North (Kelley et 
al., 1979; Kaboré and Ouattara, 2018), it could be 
suggested in this study that the inner magnetosphere is 
much stable between 15:00 and 21:00 UT. Moreover, the 
phase changes of the IMF occur around 15:00 UT on the 
day side and then 21:00 UT on the night side. 

Finally, the night side increase phase (21:00-24:00 UT) 
with a slope of +13.10

-4
 mV/m.s of the EM field may be 

due to the magnetic reconnection. This reconnection 
affecting the plasma dynamics, observed in the night 
sector (21:00-24:00 UT), would be consistent with the 
reconnection model proposed in the open 
magnetosphere concept which illustrates the principle of 
field line and plasma transport (Dungey, 1961; Lilensten 
and Blelly, 2000). The consequence of a reconnection 
with a south-facing IMF is the massive entry of charged 
particles into the inner magnetosphere. However, facing 

the sun, direct entries of solar wind particles are possible 
depending on the magnetic state of the Sun. The 
particles which find themselves in the magnetosphere, 
undergo a strong acceleration towards the earth under 
the combined effect of the electric field and the IMF 
variations. In sum, fluctuations of the magnetospheric 
electric field resulting from the high-speed solar winds, 
observed in this article, are responsible for the initiation of 
substorms. The intensity of these substorms increases in 
the mornings and evenings, while they decrease in the 
afternoons. 
 
 
Distribution of EM field and HSSW per solar cycle 
 
In order to study the occurrence of the EM field on each 
solar cycle, temporal evolutions of HSSWs have been 
represented in Figure 6. The graphs show large 
amplitudes of HSSWs for even solar cycles (cycles 20 
and 22), and low amplitudes for odd ones (cycles 21 and 
23). This result corroborates the work of Takalo (2021).  

The graphs in Figure 6 reveal the existence of abrupt 
variations and large amplitudes of HSSWs for solar cycle 
22. This may be due, on the one hand, to the fact that the 
polar coronal holes were more developed for this cycle 
(Issautier, 2003); and on the other hand, to the high 
occurrence of storms recorded in this solar cycle 22 
(Echer et al., 2008; Nagatsuma et al., 2015; Pokharia et 
al., 2018). As a result, cycle 22 remains the most 
"magnetically disturbed" solar cycle, with HSSWs peaking 
at 569.35 km/s. These observed geomagnetic 
disturbances are attributed to magnetospheric electric 
fields due to HSSWs. This observation is in good 
agreement with that made by other authors (Nishida, 1966;   
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Table 3. EM field and HSSW balance for solar cycles 20, 21, 22 and 23. 
 

Cycle Period Averages [km/s] EM [mV/m]% 

Cycle 20 1964-1976 550.34 8.48 

Cycle 21 1976-1986 485.10 8.59 

Cycle 22 1986-1996 551.18 9.02 

Cycle 23 1996-2009 473.64 9.36 

 
 
 

 
 

Figure 7. Distribution of EM field from HSSW for the 20-23 solar cycles. 

 
 
 

Kikuchi et al., 1996). The graphs in Figure 6 show that 
cycles 21 and 23 experienced low amplitudes of the high-
speed solar winds HSSWs with peaks of 490.66 and 
480.63 km/s, respectively around 12:00 UT. Column 5 of 
Table 1 and Column 3 of Table 3 corroborate this fact. 
Table 3 gives the averages of the HSSWs velocities and 
the results of various occurrences of the EM field for the 
four solar cycles.  

The fourth column of Table 3 shows low occurrences of 
EM field for all solar cycles studied. The lowest 8.48% 
occurrence is recorded in cycle 20 and the highest 9.36% 
in cycle 23. It is important to emphasize that, for our 
study period, almost all Ey field values of solar cycle 20 

are negative (with an average of 0.038 mV/m), hence 

the weak contribution of EM field.  Solar cycle 23 is the 
most exceptional. With an average duration of around 13 
years, cycle 23 records 2356 days of HSSW (Table 1), 
slightly more than the double of the days recorded by 
each of the other solar cycles. As a result, cycle 23 is 
distinguished by remarkable years both for its majestic 
phenomena (09 major geomagnetic storms from 1997 to 
2001, strong solar flares in 2003, violent magnetic storms 

in 2004, etc.) and for the intensity of its solar activity 
(Belov et al., 2005; Trichtchenko et al., 2007; Zerbo et 
al., 2012). The low proportion of EM fields corroborates 
the work of Bharati et al. (2019). The same authors also 
predicted a significant decrease in EM field occurrences 
for the last three solar cycles (22-24). Figure 7 shows EM 
field distributions from the HSSWs from 1964 to 2009 
period. Globally, we noticed an increasing and almost 
linear evolution of the occurrences. As the depression of 
the geomagnetic activity level is underlined by several 
works (Schatten, 2003; Maris and Maris, 2009; Bharati, 
2019) with solar cycle 23 being the weakest of the last 
three, we can confirm that EM field and geomagnetic 
activity are progressing in phase opposition. 
 
 
Conclusion 

 
Various parameters of solar origin have been used in this 
study to understand the dynamics of the earth's 
magnetosphere under the impact of high-speed solar 
winds (HSSW). For  1964-2009  period, about 85% of the  
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years were under the influence of HSSW. Among these 
years, four were remarkable with peaks generally 
observed at the end of the solar cycle around 12:00 UT, 
which confirms the intensification of HSSW around noon 
UT. Daily statistical analysis of HSSW populations 
showed three phases of magnetic substorms 
manifestations: from 00:00-15:00 UT, from 15:00-21:00 
UT then from 21:00-24:00 UT. These three periods are 
respectively characterized by the main phase of the 
magnetic storm, the dissipation of the solar energy 
initially stored by the inner magnetosphere during the first 
phase, and the magnetic reconnection at night. The 
results obtained showed that the changes of IMF 
orientation during these three phases, were observed at 
15:00 UT on the day side and 21:00 UT on the night side. 
Our results confirm that the inner magnetosphere was 
very stable from 15:00-21:00 UT, and disturbed from 
00:00-15:00 UT then 21:00-24:00 UT. For all the solar 
cycles studied, EM field oscillated between minima (0.087 
mV/m around 06:00 UT and 0.089 mV/m around 21:00 
UT) and maximum 0.091 mV/m at 15:00 UT. Overall, EM 
field was very weak (~0.090 mV/m overall studied cycles) 
and increased progressively from 8.48% (cycle 20) to 
9.36% (cycle 23). Of the solar cycles studied, the even-
numbered cycles were highly perturbed, with solar cycle 
22 the most active.  
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