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Abstract: Geomagnetic activity is generated by the interaction of the solar wind with the magnetosphere in connection with energy 
and mass transfer. Most observations suggest that the solar wind energy is transferred to the magnetosphere by the reconnection 
process at the dayside magnetopause, where oppositely directed southward IMF and northward magnetospheric magnetic field lines 
merge. Yearly averages of geomagnetic activity indices Ap for the years 1965 to 2009 are compared to the respective averages of v 
and Bx, By, Bz, where v is the solar wind velocity and Bx, By, Bz are the southward, northward and north-south component of inter-
planetary magnetic field  (IMF). The correlation of these quantities is known to be rather good. Comparing the averages of Ap with v 
and Bx, By, Bz separately we find that, during the declining phase of the solar cycle, v and during the ascending phase Bx have more 
influence on Ap. Analysing the daily variation of ap in an analogue manner suggesting that during phases of the solar cycle, when ap 
depends more on the IMF- Bx, By, Bz, components, whereas during phases when ap increases as v increases. 
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1 Introduction 
 
Geomagnetic activity is generated by the interaction of 
the solar wind with the magnetosphere in connection 
with energy and mass transfer. Since the rest in situ ob-
servations of the solar wind, numerous studies have been 
carried out to end quantitative relations between the 
parameters of the solar wind and its variability with 
geomagnetic indices. Soon thereafter, the solar wind 
velocity v and the southward component Bs of the inter-
planetary magnetic field IMF were realized to be the 
essential quantities causing geomagnetic activity (e.g. 
Hirshberg and Colburn, 1969; Arnoldy, 1971); other 
parameters (such as plasma density or temperature) are 
less important. Sources of high solar wind speed and 
associated strong southward IMF, generating increased 
geomagnetic activity, are found in coronal holes, fast 
coronal mass ejections (CMEs), and interaction regions 
between slow and fast solar wind (e.g. Crooker and Cliv-
er, 1994, and references therein; Lindsay et al., 1995). 
Studies relating these solar wind characteristics with 
geomagnetic activity may reveal the physics of the inte-
raction of solar and magnetospheric plasmas.  
Most observations suggest that the solar wind energy is 
transferred to the magnetosphere by the reconnection 
process at the dayside magnetopause, where oppositely 
directed southward IMF and northward magnetosphereic 
magnetic field lines merge (Dungey, 1961). Theoretical 
models of the merging process have been described (e.g. 

Petschek, 1964; Vasilyunas, 1975).  

2 Data Analysis 
 
The data used in this investigation were obtained from 
the NSSDC as either binary CDFs or ASCII files. For 
download we selected a subset of the original data cor-
responding to plasma and magnetic field measurements 
in GSE coordinates. These data were interpolated to 1-
minute resolution using cubic splines. The data were then 
propagated to the subsolar bow shock (+17 Re, 0, 0) 
using a modified version of the Weimer minimum va-
riance algorithm [Bargatze, 2005; Weimer et al., 2003]. 
At the chosen point the data were again interpolated to 1-
minute samples and the results transformed to GSM 
coordinates. 
 
3 Results and Discussion 
 
There have been many investigations in recent years to 
decide which of the models really causes the semian- 
nual wave and, if several mechanisms are e ective, which 
of them is predominant (e.g. Fraser-Smith, 1972; Mu-
rayama, 1974; Schreiber, 1981; Green, 1984; Gonz-alez 
et al., 1993). Usually in these studies, the phases of the 
activity maxima were analysed, but since the maxima 
predicted by the di erent models are not very distant from 
each other and because there are statistical variations in 
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the activity time-series, it is not yet clear which of the 
mechanisms is the most appropriate. On average, the 
maxima were found to appear a few days after the equi-
noxes (25±28 March and 27±30 September, depending 
on the activity time-series and the kind of analysis); 
therefore the equinoctial mechanism was often favoured. 
However, the studies mentioned (and others referenced 
therein) showed that at least an essential part of the se-
miannual variation may be explained by the Russell-
McPherron (R-M) model . 
Whereas the R-M model is based on the southward com-
ponent of the IMF, the two other mechanisms are more 
dependent on the solar wind velocity v, which increases 
with the solar latitude (the axial e ect) or which, when 
increased, may generate the Kelvin-Helm- holtz instabili-
ty at the ¯anks of the magnetosphere (Boller and Stolov, 
1970) ± the equinoctial e ect. Thus, separating the data 
according to the strength of Bs and v, one should observe 
the di erent in¯uence of Bs and v on the activity and 
perhaps on the semiannual wave. Snyder et al. [1963] 
showed that the geomagnetic activity index Kp responds 
to solar wind speed V rather than to dV/dt but stated that 
the relationship of V with Kp was not precise and relia-
ble and was only suggestive. Since then, many workers 
have noticed that the relationship of V with Kp or Dst is 
loose. Ballatore [2002] points out that there is a ‘‘satura-
tion effect’’ of fast solar wind on geomagnetic storms 
(Dst not keeping up with larger solar wind speeds).  
Yearly averages of the geomagnetic Ap indices are well 
correlated with the respective averages of the solar wind 
parameter m2Bs. However, separating m2 and Bs, we see 
varying in¯uence of m2 and Bs in the course of a solar 
cycle, especially before and after sunspot minimum. 
Applying this observation to the investigation of the 
semiannual wave of geomagnetic activity in order to 
decide whether the equinoctial mechanism is e ective 
when the solar wind speed v is high and IMF-Bz compo-
nent is directed further northwards (during these condi-
tions also the axial mechanism might be e ective) or 
whether the R-M mechanism is active when v is de-
creased and Bz is directed southwards, the results were 
inconclusive. However, when the data were divided ac-
cording to the signi®cant 27- or 28±28.5-day period- 
icity of the IMF sector structure, representing the wavy 
heliospheric current sheet, the same 27- and 28±28.5-day 
modulation periods with their higher harmonics, before 
and after sunspot minimum, respectively, were found in 
the geomagnetic activity. In addition, we found different 
phases in the semiannual variation of the activity, sug-
gesting that the equinoctial model applies more during 
years before sunspot minimum when a 27-day modula-
tion period is seen, and that the R-M mechanism is more 
e ective after sunspot minimum when the 28± 28.5-day 
modulation period is observed. No evidence was found 
for the axial mechanism.. 
 
4 Conclusion 
Yearly averages of geomagnetic activity indices Ap for 
the years are compared to the respective averages of m2 ı 
Bs, where v is the solar wind velocity and Bs is the 

southward interplanetary magnetic field (IMF) compo-
nent. The correlation of both quantities is known to be 
rather good. Comparing the averages of Ap with m2 and 
Bs separately we find that, during the declining phase of 
the solar cycle, m2 and during the ascending phase Bs 
have more influence on Ap. According to this observa-
tion (using Fourier spectral analysis) the semiannual and 
27 days, Ap variations for the years 1932±1994 were 
analysed separately for years before and after sunspot 
minima. Only those time-intervals before sunspot mini-
ma with a significant 27-day recurrent period of the IMF 
sector structure and those intervals after sunspot minima 
with a significant 28±28.5-day recurrent period of the 
sector structure were used. The averaged spectra of the 
two Ap data sets clearly show a period of 27 days before 
and a period of 28±29 days after sunspot minimum. 
Moreover, the phase of the average semiannual wave of 
Ap is significantly di erent for the two groups of data: 
the Ap variation maximizes near the equinoxes during 
the declining phase of the sunspot cycle and near the 
beginning of April and October during the ascending 
phase of the sunspot cycle, as predicted by the Russell- 
McPherron (R-M) mechanism. Analysing the daily varia-
tion of ap in an analogue manner, the same equinoctial 
and R-M mechanisms are seen, suggesting that during 
phases of the solar cycle, when ap depends more on the 
IMF-Bs component, the R-M mechanism is predominant, 
whereas during phases when ap increases as v increases 
the equinoctial mechanism is more likely to be e ective. 
Most observations suggest that the solar wind energy is 
transferred to the magnetosphere by the reconnection 
process at the dayside magnetopause, where oppositely 
directed southward IMF and northward magnetosphere ic 
magnetic field lines merge (Dungey, 1961). 

5 References 
[1] Arnoldy, R. L., Signature of the interplanetary 

medium for substorms, J. Geophys. Res., 76, 
5189±5201, 1971. 

[2] Dungey, J. W., Interplanetary magnetic ®elds 
and the auroral zones, Planet. Res. Lett., 6, 
47±48, 1961. 

[3] Dungey, J. W., Memories, maxims and motives, 
J. Geophys. Res., 99, 19189±19197, 1994. 

[4] Hirshberg, J., and D. S. Colburn, The interpla-
netary magnetic field and geomagnetic varia-
tions ± a unified view, Planet. Space Sci., 17, 
1183±1206, 1969. 

[5] Fraser-Smith, A. C., Spectrum of the geomag-
netic activity Index Ap, J. Geophys. Res., 77, 
4209±4220, 1972. 

[6] Gonzalez, A. L. C., and D. W. Gonzalez, Peri-
odicities in the interplanetary magnetic ®eld po-
larity, J. Geophys. Res., 92, 4357±4375, 1987. 

[7] Gonzalez, W. D., A. L. C. Gonzalez, and B. T. 
Tsurutani, Dualpeak solar cycle distribution of 
intense geomagnetic storms, Planet. Space Sci., 
38, 181±187, 1990. 

[8] Gonzalez, A. L. C., W. D. Gonzalez, S. L. G. 
Dutra, and B. T. Tsurutani, Periodic variation in 

Vol. 11, 218



32ND INTERNATIONAL COSMIC RAY CONFERENCE , BEIJING 2011 

 

the geomagnetic activity: a study based on the 
Ap Index, J. Geophys. Res., 98, 9215±9231, 
1993. 

[9] Green, C. A., The semiannual variation in the 
magnetic activity indices Aa and Ap, Planet. 
Space Sci., 32, 297±305, 1984. 

Vol. 11, 219


