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Abstract 
In this paper, we analyzed diurnal and annual seasonal variations of solar 
wind parameters such as interplanetary magnetic field (IMF), proton density 
(N), solar wind speed (V) and solar wind dynamic pressure (Pdym), during 
the solar cycles 23 and 24. Our study shows that strong geomagnetic distur-
bances are observed at the equinoxes during both solar cycles. The highest 
proton densities are observed at solstices during both solar cycles. The great-
est solar wind speeds are observed at the equinoxes of solar cycle 23 and at 
the solstices of solar cycle 24. The highest solar wind dynamic pressures are 
observed at the solstices of both solar cycles. We also observed an asymme-
trical evolution of the seasonal diurnal values of the solar wind parameters 
during the two cycles, except for the proton density. Our investigations also 
highlight the fact that the seasonal diurnal values of the solar wind parame-
ters are significant at solar cycle 23 compared to solar cycle 24 characterized 
by a global weak in solar plasma conditions since the deep minimum that 
followed the solar cycle 23 leading to an absence of a persistent polar coronal 
hole. The drop observed in polar field and solar winds parameters during so-
lar cycle 24 is reproduced on seasons (solstices and equinoxes). The solar 
cycle 23 and 24 appear to be two magnetically opposite solar cycles regardless 
the time scales. 
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1. Introduction 

The solar wind is a stream of charged particles released from the upper atmos-
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phere of Sun, called the corona. It provides a highly variable source of energy to 
the interplanetary medium. The large-scale evolution of the solar wind is deter-
mined by the solar magnetic field whose structure varies during the solar cycle 
[1] [2] [3]. The solar magnetic field carried outward by the solar wind in the heli-
osphere when the magnetic field lines of the Sun are driven by the highly conduc-
tive solar wind plasma is called the interplanetary magnetic field (IMF) [4]. The 
dynamics of this wind is responsible for 91.5% of geomagnetic activity [5] [6] [7]. 
The solar wind and the magnetosphere constantly interact, thus constituting a 
coupled system, because the disturbances of the interplanetary medium cause 
geomagnetic disturbances [8]. According to [9] [10] coronal mass ejections and 
co-rotating interaction regions/high-velocity fluxes striking the Earth’s magnetic 
field are the main drivers of geomagnetic activity. Coronal mass ejections produce 
the majority of strong geomagnetic storms, and co-rotating/high-velocity flux in-
teraction regions produce a large proportion of minor to moderate intensity 
storms. The highest solar wind speeds are observed during the descending phase 
of the solar cycle, when high-velocity flows from equator ward extensions of po-
lar coronal holes often reach low heliographic latitudes and the ecliptic plane [5] 
[11] [12]. Annual averages of solar wind speed provide important insight into 
the long-term evolution of solar magnetic fields and coronal holes, but a study 
using higher temporal resolution is useful because the typical lifetime of coronal 
holes is several solar rotations but less than a year [13] [14] [15] [16]. So deep 
investigation on solar plasma becomes of great interest to better understand the 
behavior of solar wind. Our present work aims to analyze the seasonal diurnal 
variation of solar wind parameters during the solar cycles 23 and 24. Our work 
will be structured as follows: Section 2 is devoted to methodology and data 
processing; Section 3 to the results and discussion and in Section 4 we summary 
our findings. 

2. Data and Methodology 

In this study, we study the variations of the solar wind parameters such as the 
interplanetary magnetic field, the proton density, the solar wind speed and the 
dynamic pressure of the solar wind according to the solar cycle, the season and 
the day. To achieve our objective, we used the hourly values of these parameters, 
available on the site https://omniweb.gsfc.nasa.gov/form/dx1.html. The arith-
metic mean values calculated from the hourly values of the parameters are used 
to study the diurnal variation. The seasonal variation and the annual variation 
are obtained by using the arithmetic mean values of the monthly and annual 
values respectively. The seasons are distributed as follows: Winter (December, 
January and February), spring (March, April and May), summer (June, July, and 
August), autumn (September, October and November). 

To calculate the relative difference or relative deviation of the months of 
equinoxes and solstices of the solar wind parameters, we used the following 
formula. 
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For IMF, we have: 
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SolsticeIMF−∆  > 0 (<0): Summer measurement is greater (smaller) than that of 
winter. 

EquinoxIMF−∆  > 00 (<0): Spring measurement is greater (smaller) than that of 
autumn. 

For the other parameters, only replace IMF by the corresponding parameters. 

3. Results and Discussions 
3.1. Diurnal Seasonal Variations 

Figure 1(a), presents the diurnal seasonal variation of IMF during solar cycle 23. 
This figure shows that, the highest diurnal values of IMF during solar cycle 23  

 

 
Figure 1. Seasonal diurnal variation of IMF during solar cycle 23 (a) and solar cycle 24 (b). 
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are generally observed during autumn and a few times during the winter be-
tween 06:00 LT and 09:00 LT; then between 12 h and 18:00 LT. The lowest diur-
nal values of the IMF are recorded during the summer except after 19 h and just 
before 22h. The lowest diurnal values of the IMF are recorded during the sum-
mer. We observe a weak fluctuation of the IMF during the four seasons during 
cycle 23. The equinoxes (spring and autumn) and the solstices (winter and 
summer) are asymmetrical during cycle 23; the values of IMF in autumn are 
higher than those in spring (Figure 1(b)) and the values of IMF in winter are 
higher than those in summer (Figure 1(a)). 

Figure 1(b) presents the seasonal diurnal variation of the IMF during solar 
cycle 24. This figure shows that the highest diurnal values of the IMF during so-
lar cycle 24 are observed during spring except on the times intervals [12:00 
LT-13: 00 LT] and [14:00 LT-16: 00 LT] where highest values are recorded dur-
ing autumn. The lowest diurnal values of the IMF are recorded during the sum-
mer most of the tine except between 21:00 LT and 22:00 LT, and between 04:00 
LT and 06:00 LT where the lowest values are obtained in winter and in autumn 
respectively. During the solstices, the amplitudes of the diurnal values of the 
IMF in winter are greater than those of summer except between 21:00 LT and 
22:00 LT. A strong fluctuation of the IMF is recorded during the four seasons 
during cycle 24. The equinoxes (spring and autumn) and the solstices (winter 
and summer) are asymmetrical during cycle 24 i.e. the values of IMF in autumn 
are generally lower than those of spring (Figure 1(b)) and the values of the IMF 
in winter are higher than those in summer (Figure 1(b)). 

As an overview, we can say that the highest seasonal diurnal values of the in-
terplanetary magnetic field are observed in autumn during the solar cycle 23 and 
in spring during solar cycle 24. The amplitudes of the interplanetary magnetic 
field during the solar cycle 24 are smaller than those of the solar cycle 23. The 
geomagnetic activity is strong at the spring and autumn equinoxes with different 
orientations of the IMF as reported in [17] [18] where ejections play important 
role in turbulence observe in solar wind propagation. The strong fluctuation of 
the interplanetary magnetic field during solar cycle 24 compared to solar cycle 
23, may be explained by the large number of CMEs observed during solar cycle 
24. As to the weak in the interplanetary magnetic field, it may be explained by 
the non-geoeffectiveness of the coronal mass ejections of solar cycle 24 and the 
drop of the polar fields after the deep minimum which followed solar cycle 23 
[19] [20]). 

Figure 2(a), presents the seasonal diurnal variation of proton density during 
solar cycle 23. In this figure, the highest diurnal values of proton density during 
solar cycle 23 are observed during the winter and the lowest are observed during 
the fall between 03:00 LT and 07:00 LT. Fluctuation of the proton density is fair-
ly moderate during the four seasons during cycle 23. The solstices (winter and 
summer) are asymmetrical during cycle 23; the values of the proton density in 
winter are higher than those in summer (Figure 2(a)). However, during the 
equinoxes, there is a very remarkable asymmetry between 02:00 LT and 06:00 LT 
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Figure 2. Diurnal seasonal variation of proton density during solar cycle 23 (a) and solar cycle 24 (b). 

 
where the values of the proton density in spring are much important than those 
in autumn and reciprocally between 16:00 LT and 23:00 LT. During the other 
period of the day, a fairly low asymmetry of the seasonal diurnal values of the 
proton density is observed. 

Figure 2(b) presents the diurnal seasonal variation of the proton density dur-
ing the solar cycle 24. In this figure, the most important diurnal seasonal values 
of the proton density during the solar cycle 24 are observed during the winter. 
Low seasonal diurnal values are observed during summer. Moderate fluctuation 
of the proton density is observed during the four seasons during cycle 24, with 
exception for autumn where a strong daily fluctuation is observed between 03:00 
LT and 08:00 LT. The solstices (winter and summer) are asymmetrical during 
cycle 24: the values of the proton density in winter are higher than those in 
summer (Figure 2(b)). During the equinoxes, there is a remarkable asymmetry 
between 00:00 LT and 13:00 LT; where the values of the proton density in au-
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tumn are remarkably higher than those in spring (Figure 2(b)). We can then 
deduce that the highest seasonal diurnal values of proton density are observed in 
winter for both solar cycles. The lowest values are observed in autumn during 
the solar cycle 23 and in summer during the solar cycle 24. 

Figure 3(a) presents the seasonal diurnal variation of the solar wind speed 
during solar cycle 23. This figure shows that the highest diurnal values of the so-
lar wind speed are observed during spring while the lowest values are recorded 
during the summer. There is a slight fluctuation in solar wind speed during the 
four seasons for the solar cycle 23. The equinoxes (spring and autumn) and the 
solstices (winter and summer) are asymmetrical during cycle 23: the values of 
solar wind speed in spring are higher than those of autumn (Figure 3(a)) and 
the values of solar wind speed in winter are higher than those in summer 
(Figure 3(a)). 

Figure 3(b) presents the seasonal diurnal variation of the solar wind speed 
 

 
Figure 3. Diurnal seasonal variation of solar wind speed during solar cycle 23 (a) and solar cycle 24 (b). 
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during solar cycle 24. In this figure, the solar wind speed varies with season but 
present very little variation at the scale of hour during the four seasons. The 
largest diurnal amplitudes are observed during summer and the lowest during 
winter. Almost no fluctuation in the solar wind speed is recorded during the 
four seasons for the solar cycle 24. The equinoxes (spring and autumn) and sols-
tices (winter and summer) are asymmetrical during cycle 24: the values of solar 
wind speed in spring are higher than those of autumn (Figure 3(b)) and the 
values of solar wind speed in summer are higher than those in winter (Figure 
3(b)). 

The lowest velocities are observed in summer during solar cycle 23 and winter 
during solar cycle 24. Compared to equinox’s months, we can assume that the 
lowest velocities are observed most of the time during the solstices, with an ex-
ceptionally observation for solar cycle 24 where he highest and lowest diurnal 
values are recorded during the summer and winter respectively as reported by 
[16] who showed that low seasonal averages (<400 km/s) of the solar wind speed 
occur more often during the solstices than during the equinoxes. Moreover, the 
amplitudes of the solar wind speed during the four seasons during the solar cycle 
24, are smaller compared to those of the solar cycle 23. This may be explained by 
the absence of persistent coronal holes during the solar cycle 24 responsible for 
high-speed flows [16] [21] [22] [23] [24], no equatorial and low latitude coronal 
holes have been observed during the deep solar minimum that followed the solar 
cycle 23 explaining why the slowest solar wind conditions of space age has been 
recorded during this solar cycle phase. Figure 4(a) shows the seasonal diurnal 
variation of the dynamic solar wind pressure during solar cycle 23. The solar 
wind dynamic pressure varies with the season and the time of day. The highest 
seasonal diurnal amplitudes of solar wind dynamic pressure are observed in 
winter with a peak at 06:00 LT and at 21:00 LT. On the other side, the lowest 
seasonal diurnal values are recorded during the summer. Additional observation 
shows that the diurnal amplitudes in winter are greater than in summer. As for 
the equinoxes, the seasonal diurnal amplitudes are greater during spring be-
tween 02:00 LT h and 06:00 LT than during autumn and vice-versa between 
06:00 LT and 09:00 LT and between 17:00 LT and 23:00 LT in autumn than in 
spring. During the winter, we observe a decrease in the dynamic pressure of the 
solar wind from 00:00 LT to 02:00 LT then an increase from 03:00 LT before 
reaching a peak at 06:00 LT, then a decrease from 07:00 LT to 10:00 LT followed 
by an almost stable evolution between 10:00 LT and 12:00 LT, before starting to 
grow again from 12:00 LT, with a maximum obtained between 16:00 LT and 
17:00 LT; from 20:00 LT there is a continuous growth until 23:00 LT. As for the 
summer, we observe an almost stable fluctuation of the daily values of the dy-
namic pressure of the solar wind from 00:00 LT to 09:00 LT, followed by a 
strong fluctuation from 10:00 LT with a maximum obtained around 12:00 LT; 
then a decrease until 21:00 LT followed by an increase from 21:00 LT to 23:00 
LT. During spring and autumn, the daily dynamic pressure values of the solar 
wind vary inversely between 02:00 LT and 10:00 LT and between 17:00 LT and 
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Figure 4. Diurnal seasonal variation of dynamic solar wind pressure during solar cycle 23 (a) and solar cycle 24 (b). 

 
21:00 LT the spring maxima coincide with the autumn minima. A strong fluctu-
ation in the dynamic pressure of the solar wind is recorded during the four sea-
sons during cycle 23. The equinoxes (spring and autumn) and the solstices 
(winter and summer) are asymmetrical during cycle 23. 

Figure 4(b), presents the seasonal diurnal variation of the dynamic solar wind 
pressure during the solar cycle 24. This figure shows that, the highest diurnal 
values of the dynamic solar wind pressure are obtained during the winter be-
tween 00:00 LT and 04:00 LT; 08:00 LT and 13:00 LT then between 15:00 LT and 
023:00 LT and during the autumn between 05:00 LT and 07:00 LT. The lowest 
values are observed during the summer. During the solstices, the seasonal diur-
nal amplitudes are greater in winter than in summer. Moreover, during the 
equinoxes, the diurnal seasonal pressure amplitudes are greater between 00:00 
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LT and 08:00 LT in autumn than in spring with a peak between 05:00 LT and 
06:00 LT and vice-versa in spring than in autumn between 14:00 LT and 19:00 
LT. During winter, we observe an increase in the daily values of the dynamic 
pressure of the solar wind between 00:00 LT and 03:00 LT, then a decrease be-
tween 03:00 LT and 12:00 LT, before increasing again from 13:00 LT, with a peak 
at 21:00 LT before decreasing until 23:00 LT. During the summer, a decrease in 
the daily values of the dynamic pressure of the solar wind is observed between 
00:00 LT and 05:00 LT, with An increase between 05:00 LT and 07:00 LT, before 
decreasing again from 08:00 LT to 15:00 LT, followed by an increase from 16:00 
LT with a peak obtained at 22:00 LT, before decreasing again until 23:00 LT. 
During spring and autumn we observed a similar evolution of the daily averages 
of the solar wind dynamic pressure between 00:00 LT to 03:00 LT and between 
08:00 LT to 23:00 LT, with the exception from 03:00 LT to 08:00 LT, where we 
observe a significant fluctuation in daily values during the autumn. A strong 
fluctuation in the dynamic pressure of the solar wind is recorded during the four 
seasons during cycle 24. The equinoxes (spring and autumn) and the solstices 
(winter and summer) are asymmetrical during this solar cycle. 

From these observations it appears that: the highest seasonal diurnal values of 
dynamic solar wind pressure are observed at the winter solstice during both so-
lar cycles; with greater amplitudes during solar cycle 23 than during solar cycle 
24, during the four seasons. Also, the lowest dynamic solar wind pressures are 
observed during the summer solstice in both solar cycles 23 and 24. 

To better understand the seasonal asymmetries, we calculated the relative dif-
ferences or relative deviations of the months of equinoxes and solstices of the 
different parameters of the solar wind during the two solar cycles shown in Fig-
ures 5-8. 

Figure 5 presents the variations in the difference of the IMF between the solstice 
months ( SolsticeIMF−∆ ) and the equinox months ( EquinoxIMF−∆ ) during the solar 
cycles 23 and 24. In Figure 5(a) and Figure 5(b), SolsticeIMF−∆  and EquinoxIMF−∆  
are negative throughout the day with respective maximum values of −7.45% 
around 06:00 LT for the solstices and −6.03% around 21:00 LT for the equinoxes. 
The daily values in summer are lower than those in winter; similarly, the daily 
values in spring are smaller than those in autumn, during solar cycle 23. During 
solar cycle 24, SolsticeIMF−∆  (Figure 5(c)) is negative, except between 3h and 5 h 
and between 21:00 LT and 23:00 LT, where they are positive; EquinoxIMF−∆  
(Figure 5(d)) are positive, except between 12 h and 16 h. This means that during 
the solstices, the daily values of the interplanetary magnetic field of summer are 
smaller than those of winter, except between 03:00 LT and 05:00 LT and between 
21:00 LT and 23:00 LT; likewise during the equinoxes, the daily values of the 
equinox are smaller in autumn than in spring, except between 12:00 LT and 16:00 
LT. All these results clearly show an asymmetry in the daily values of the interpla-
netary magnetic field at the equinoxes and solstices during solar cycles 23 and 24. 

Figure 6 shows the variations in the deviation of the proton density of the 
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Figure 5. Variations of difference between the months of solstices ( SolsticeIMF−∆ ) and the months of equinox ( EquinoxIMF−∆ ) 

during solar cycle 23 (a) and (b) and solar cycle 24 (c) and (d). 
 

 
Figure 6. Variations in the difference between the months of solstices (∆N_Solstice) and equinoxes (∆N-Equinox) during so-
lar cycle 23 (a) and (b) and solar cycle 24 (c) and (d). 
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months of solstices (Figures 6(a)-(c)) and equinoxes (Figures 6(b)-(d)) during 
solar cycles 23 and 24. The ∆N_Solstice (Figures 6(a)-(c)), are negative 
throughout the day; for ∆N-Equinox (Figures 6(b)-(d)), a negative variation is 
observed between 00:00 LT and 01:00 LT; at 08:00 LT and between 12:00 LT and 
23:00 LT with an extreme of −6.48% around 19:00 LT and a positive variation 
between 01:00 LT and 06:00 LT with a maximum of 5.51% around 05:00 LT. 
During the solstices, the daily values of the proton density are smaller in summer 
than winter; during the equinoxes, the daily values of the proton density in 
spring are smaller between 00:00 LT and01:00 LT; at 08:00 LT and between 12:00 
LT and 23:00 LT and larger between 01:00 LT and 06:00 LT than those of au-
tumn. During solar cycle 24, the ∆N-solstices are negative throughout the day; 
which indicates that the values of the proton density of the summer are smaller 
than those of the winter. During the equinoxes the daily values of the density of 
proton in spring are smaller between 00:00 LT and 14:00 LT; around 17:00 LT 
and between 21:00 LT and 23:00 LT and larger between 14:00 LT and 16:00 LT 
and between 18:00 LT and 20:00 LT than those of the autumn. 

Figure 7 shows the variations in the deviation of the solar wind speed of the 
months of solstices (Figure 7(a) and Figure 7(c)) and equinoxes (Figure 7(b) 
and Figure 7(d)) during the solar cycle 23 and 24. In these figures, we observe 
clearly that during the solstices (Figure 7(a) and Figure 7(c)), the daily values of  

 

 
Figure 7. Variations in the difference between the months of solstices (∆SWS_Solstice) and equinoxes (∆SWS_Equinox) dur-
ing solar cycle 23 (a) and (b) and during solar cycle 24 (c) and (d). 

https://doi.org/10.4236/ojapps.2022.129104


S. Koala et al. 
 

 

DOI: 10.4236/ojapps.2022.129104 1538 Open Journal of Applied Sciences 
 

the summer solar wind speed are smaller during the solar cycle 23 and larger 
during solar cycle 24, than those of winter. During the equinoxes (Figure 7(b) 
and Figure 7(d)) in both cycles, the daily values of the solar wind speed during 
the spring are greater than those of the autumn, with a maximum of 1.82% and 
1.65% respectively at cycles 23 and 24, around 18:00 LT. 

Figure 8 presents the variations in the deviation of the dynamic pressure of 
the solar wind during the months of solstices (Figure 8(a) and Figure 8(c)) and 
equinoxes (Figure 8(b) and Figure 8(d)) during the solar cycle 23 and 24. Dur-
ing the solstices (Figure 8(a) and Figure 8(c)), the daily values of the dynamic 
solar wind pressure of summer are smaller than those of winter during solar 
cycles 23 and 24. During the equinoxes (Figure 8(b) and Figure 8(d)), the daily 
values of the dynamic pressure of the solar wind in the spring are smaller from 
00:00 LT and 01:00 LT; from 07:00 LT and 09:00 LT; from 12:00 LT and 15:00 
LT and 17:00 LT and 20:00 LT and greater from 02:00 LT and 06:00 LT; around 
10:00 LT and 16:00 LT than those in the autumn. During the equinoxes in solar 
cycle 24, the daily values of dynamic solar wind pressure in spring are smaller 
between 00:00 LT and 08:00 LT and between 21:00 LT and 23:00 LT and larger 
between 08:00 LT and 20:00 LT than those in autumn. 

3.2. Annual Seasonal Variations 

Figure 9(a) and Figure 9(b), present the seasonal variations at the equinoxes 
and at the solstices of the interplanetary magnetic field during solar cycles 23  

 

 
Figure 8. Variations in the difference between the months of solstices (∆SWDP_Solstice) and equinoxes (∆SWDP_Equinox) 
during solar cycle 23 (a) and (b) and during solar cycle 24 (c) and (d). 
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and 24 covering the period 1996 to 2019. During the solar cycle 23, we observe 
several peaks in the interplanetary magnetic field variation before and after the 
solar maximum at the summer solstices (Figure 9(b)), with several troughs. At 
the winter solstices, a double peak is observed: the first peak occurred in 1999 
(7.28 nT) and the second peak in 2003 (7.86 nT). At the equinoxes (Figure 9(a)), 
a double peak structure is observed, with a shift of the first peak during spring 
and during summer, obtained respectively in 1998 (7.14 nT) in spring and in 
2000 (7.42 nT) in autumn. The second peaks are obtained in 2002 with respec-
tive values of 7.77 nT during spring and 8.48 nT during autumn. We also notice 
a rapid reversal of the polarity of the magnetic field during the spring (1998). 

During the solar cycle 24, a double-peak variation of the interplanetary mag-
netic field at the equinoxes and at the solstices (Figure 9(a) and Figure 9(b)) is 
observed. At the equinoxes (Figure 9(a)), we observe a shift in the maxima of 
the two peaks during spring and autumn; the first peak is obtained in 2012 (5.75 
nT) and the second in 2015 (6.74 nT), on the other side, the first peak of the au-
tumn is obtained in 2011 (5.64 nT) and the second peak in 2014 (6.97 nT). At 
the solstices (Figure 9(b)), the first peak of the interplanetary magnetic field in  

 

 
Figure 9. Seasonal variation at the equinoxes (a) and solstices (b) of the interplanetary magnetic field during solar cycles 
23 and 24. 
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winter and in summer is obtained at exactly the same period (2012) with differ-
ent amplitudes; respective values of 5.30 nT in winter and 6.04 nT in summer. 
The second peak is observed in 2015, with respective amplitudes of 7.35 nT in 
winter and 6.39 nT in summer. There is also a shift in the troughs between the 
peaks during the two seasons. These troughs represent the period of reversal of 
the polarity of the magnetic field. During the equinoxes, there is a one-year shift 
during the change of polarity in spring and autumn; similarly during the solstic-
es, there is also a shift in the troughs during summer and winter. In addition, 
there is a rapid polarity change during the winter and a prolonged polarity 
change during the summer. 

The highest values of the interplanetary magnetic field are observed at the 
equinoxes (in autumn) during solar cycle 23 and solstices (winter) during solar 
cycle 24. During the deep minimum that followed the solar cycle 23, the inter-
planetary magnetic field presents a similar evolution at the equinox months. The 
equinoxes (spring and autumn) and solstices (summer and winter) are asymme-
trical during the two solar cycles; the values of the interplanetary magnetic field 
at the solstices during solar cycle 23 are higher than those of solar cycle 24 and 
the values of the interplanetary magnetic field at the equinoxes during solar cycle 
23 are higher than those of solar cycle 24. Additionally, we see that polar field 
intensities remained in the ∼6 - 9 nT range during the 1976, 1986, and 1996 
sunspot minima, but fell to only ∼4 - 5 nT during the current minimum [25] 
[26] [27] [28] and remained weak during the current solar maximum (2014). It 
should be noted that the variation in magnetic activity during the course of the 
11-year cycle influences not only the sunspot number and the magnetic flux but 
also the radiation emitted by the Sun and that we receive on Earth called total 
irradiance or “solar constant” [29]). This indeed varies in phase with the solar 
cycle by approximately 0.1%: the higher the number of spots, the higher the flux 
that we receive from the Sun, due to the massive presence of faculae which are 
more brilliant [30]. 

Figure 10(a) and Figure 10(b) present the seasonal variations at the equi-
noxes and at the solstices of the proton density during solar cycles 23 and 24. A 
strong fluctuation of the proton density at the equinoxes and at the solstices is 
observed during of the two solar cycles. During the equinoxes, the maximum 
values of the proton density are recorded in spring respectively in 1997 (9.17 
n/cm3) during solar cycle 23 and in 2015 (7.55 n/cm3) during solar cycle 24. 
During the solstices, the maximum values of the proton density are recorded 
during the winter respectively in 1998 (9.31 n/cm3) during solar cycle 23 and in 
2018 (7.73 n/cm3) during solar cycle 24. In generally we observe a random varia-
tion of the density of proton at the solstices (summer and winter) and at the 
equinoxes (spring and autumn) during the two solar cycles. 

Figure 11(a) and Figure 11(b) present the seasonal variations at the equi-
noxes and solstices of the solar wind speed during solar cycles 23 and 24. During 
solar cycle 23, the maximum values of the speed at the equinoxes are enough 
similar, but during the solstices the maximum values are different during summer  
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Figure 10. Seasonal variation at the equinoxes (a) and solstices (b) of the proton density during solar cycles 23 and 24. 

 
and winter. The maximum values at the equinoxes are respectively 548.41 Km/s 
obtained in spring 2003 and 541.42 km/s obtained in autumn 2003. During the 
solstices, the maximum values are respectively 580.67 Km/s obtained in summer 
2003 and 515.15 km/s obtained in winter 2015. During solar cycle 24, the solar 
wind speed reaches roughly equal maximum values during the solstices and 
equinoxes. The maximum value at the solstices is obtained in winter 2017 
(475.75 km/s) and that at the equinoxes is obtained in autumn 2016 (463.49 
km/s). During low cycles, solar wind speeds reached roughly similar maximum 
values of about 460-470 km/s in both seasons [16]. 

The equinoxes (spring and autumn) and solstices (summer and winter) are 
asymmetrical during the two solar cycles; the values of the solar wind speed at 
the solstices during solar cycle 23 are higher than those of solar cycle 24 and the 
values of the solar wind speed at the equinoxes during solar cycle 23 are higher 
than those of solar cycle 24. The continued presence of so many low-latitude 
holes so late in cycle 23, with recurring high-velocity flows persisting in the ec-
liptic until early 2009, is therefore another consequence of weak polar fields [25]. 
Based on an analysis of Ulysses plasma measurements taken between 2006 and 
2008, [2] found that the wind from the polar hole was ∼17% less dense and 
∼14% colder than during the previous solar minimum; the wind speed was only  
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Figure 11. Seasonal variation at the equinoxes (a) and solstices (b) of the solar wind speed during solar cycles 23 and 24. 

 
about 3% lower, but the proton flux density was about 20% lower. 

Figure 12(a) and Figure 12(b) present the seasonal variations at the equi-
noxes and solstices of the solar wind dynamic pressure during solar cycles 23 
and 24. During the equinoxes (Figure 12(a)), the highest solar wind dynamic 
pressures values are observed during spring respectively in 2003 (3.06 nPa) dur-
ing solar cycle 23 and in 2015 (2.56 nPa) during solar cycle 24. During the sols-
tices (Figure 12(b)), a strong fluctuation of solar wind dynamic pressure during 
solar cycle 23 compared to solar cycle 24; the maximum values are observed re-
spectively in 2005 (2.84 nPa) during solar cycle 23 and 2015 (2.52 nPa) during 
solar cycle 24. 

The equinoxes (spring and autumn) and solstices (summer and winter) are 
asymmetrical during the two solar cycles; the values of the solar wind dynamic 
pressure at the solstices during the solar cycle 23 are higher than those of the so-
lar cycle 24 and the values of the solar wind dynamic pressure at the equinoxes 
during the solar cycle 23 are higher than those of the solar cycle 24. 

From Figures 9-12, it appears that the deep minimum that followed solar 
cycle 23 can be seen in both the solar wind parameters at the solstices and the  
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Figure 12. Seasonal variation at the equinoxes and solstices of the dynamic pressure of the solar wind during solar cycles 
23 and 24. 

 
equinoxes. During this deep minimum there is a general drop in solar wind’s 
parameters. This constant change in solar wind may have a great effects on Earth 
as reviewed by [31] when investigating variation in solar activity and its climatic 
impact on Earth. 

4. Conclusions 

We analyzed diurnal seasonal variations as well as annual seasonal variations of 
solar wind parameters such as interplanetary magnetic field, proton density, so-
lar wind speed and dynamic solar wind pressure during solar cycles 23 and 24. 
Our study shows that: 
• Strong geomagnetic disturbances are observed at the equinoxes during both 

solar cycles 23 and 24. 
• The highest proton densities are observed at solstices during both solar 

cycles. 
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• The greatest solar wind speeds are observed at the equinoxes during solar 
cycle 23 and at the solstices during solar cycle 24. 

• The greatest dynamic solar wind pressures are observed at the solstices dur-
ing both solar cycles. 

• A very remarkable asymmetrical evolution of the seasonal diurnal values of 
the solar wind parameters is observed during the two cycles, except for the 
proton density where during the equinoxes, it varies according to the hours 
of the day. 

• Seasonal diurnal values of solar wind parameters are significant at solar cycle 
23 compared to solar cycle 24; with a strong fluctuation of the interplanetary 
magnetic field and quasi-stable and low seasonal diurnal velocities during 
cycle 24. His observations during solar cycle 24 are explained by the weaken-
ing of the polar fields during solar cycle 23 and after the deep minimum that 
followed leading to an absence of persistent polar coronal hole. 
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