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Abstract. Semiannual variation of geomagnetic activity basically sensitivity of the magnetosphere (Mcintosh, 1959).
and a,-index in particular is supposed to consist of he- However specific physical mechanism is still not identified,
liospheric factor (axial hypothesis and Russell-McPherronand, e.g., solar illumination of ionosphere is suggested as
effect) and magnetospheric/ionospheric factor (equinocticaklternative (Lyatsky et al., 2001). (2) Cortie effect or axial
hypothesis). In our investigation we exprassindex as  hypothesis (Cortie, 1912; Bohlin, 1977) attributes SAV to
a magnetospheric response function to solar wind and IMFincrease of heliographic latitude around equinoxes, placing
input. Seasonal variation in,-index on average (1963— Earth closer to more geoefficient fast solar wind streams from
2003) is~4nT and consists 0f2.1-2.3nT of magneto- mid-latitude coronal holes. (3) Russell-McPherron (RM) ef-
spheric/ionospheric part, 0.6-1.3 nT of heliospheric part (in-fect points that spiral IMFB,, in GSEQ frame contributes
cluding 0.2-0.3nT of R-M effect), 0.1-0.4nT is due to the to geoeffective IMFB, in GSM (Russell and McPherron,
non-linear term. 90% confidence range of all estimates1973). Essentially sources (2) and (3) are solar wind effects
is ~0.1-0.25nT. While autumn/spring magnetospheric re-external to the magnetosphere.
sponse functions are almost identical, there is substantial dif- Here we concentrate on SAV i-family indices (Fig. 1).
ference between winter and summer functions. The increaswVith a recent investigation of SAV phases it was shown that
of solar wind input in autumn and spring is also different by 65-75% of this variation is due to equinoctial effect, axial
a factor of two. effect contributes of the order of 20%, while the RM effect is
the smallest with~10% (Cliver et al., 2000, 2002). The RM
and axial effects depend on actual distribution of, e.g., IMF
polarity sectors in particular dataset, and their contribution
may vary from year to year (Cliver et al., 2004).

However consistent analysis of SAV, representing an in-
dex as an explicit function of solar wind input and magneto-

Semiannual variation (SAV) of geomagnetic activity with sph(_anc response was not performed. This is the main task &4
our investigation.

maxima near equinoxes appears in several forms, such as a
periodic wave in geomagnetic indices likg (Russell and
McPherron, 1973; Svalgaard, 1977; Cliver et al., 2000; Le
Mouel et al., 2004), or a tendency of strong storms to oc-
cur during sprmg/autumn (Cliver et al, 200‘.1' Syalgaard etOur investigation is based on 34 index and OMNI-2 solar
al., 2002). In-depth reviews of previous publications can be

found elsewhere (Cliver et al., 2000; Russell and McPherronW!nd dat_a for th_e period 1963_2003_‘ Only 57 403 sampleg
1973). with available simultaneous solar wind and IMF measure-

Generally three different sources of SAV are suggested:ments were considered (the total n_umber 'S 109_800)' :
A standard approach to solar wind geoeffectiveness is to

(1) Equinoctial hypothesis relates SAV with the angle be- imat ind ith binati f sol ind and
tween geomagnetic dipole and solar wind flow, controlling approximate an index with a combination of solar wind an
IMF characteristics (driving function)V B, is the simplest

Correspondenceto: A. A. Petrukovich driving function. Among other suggested expressions are
(apetruko@iki.rssi.ru) V2B, and epsilon-parameter~V B?sin*6/2. Moderate

Keywords. Magnetospheric  physics  (Solar  wind-
magnetosphere interactions)

1 Introduction

2 Thesolar wind input model
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25 Table 1. Averageds, index and its solar wind model.

20 Parameter Spring Summer Autumn  Winter
|_
< <ap>,NnT 16.26 13.02 1535 12.67
A 15 <ap>, nT (SWF) 1591 1252 1470 11.92
o <ap>, nT (E model) 15.93 12.53 1472  11.93

10 <ap>,NT (Ex model)  14.53 11.37 13.79 11.84

* only instants with available solar wind and IMF samples.

50 100 200 300
day of year effect of solar wind density (Figs. 2c, d) is proportional&do
and can be corrected with a multiplicative factdr/ No)%2.
Fig. 1. Seasonal periodicity in daily, index averages. No=7.18cnT3is average density in our data set.
The effect of Mach numbers, solar wind ion temperature,
B, IMF B,, IMF variations was negligible. Finally,
solar wind density or dynamic pressure effect is some-
times considered as, e.gw(NV?)~/3 (review of Gonza-  £=10-3.(n/7.18%2(V/B2/2+ B2sir? (§/2)4-0.007.V2) (1)
lez et al., 1994). Here8,=—B, for B,<0 and B;=0 for ’ i
B.>0, B is IMF in GSM frame of referencey, N — solar  Here magnetic field is in nT, solar wind speed is in km/s,
wind speed and number density.is the IMF clock angle, density is in cm, electric field — in mV/m. The correlation
tan(@)=B,/B,. Optimal functions might be different for dif-  coefficient betweeik anda,, is 0.82 (forV By it is 0.56).
ferent indices and time scales (Petrukovich, 2006; Finch and To verify robustness of our results we also constructed
Lockwood, 2007). an alternative driving functioi» fixing the velocity depen-
The driving function, suitable for our task, should be care-dence to popularV?2. Optimal dependencies on IMB,,
fully selected to contain all possible solar wind and IMF con- and density remained practically the same. 438.7 km/s is av-
tributions to the index. Otherwise rather small semiannualerage speed in our data set.
variability of solar wind driving would not be defined com-
pletely. In the previous investigations usually only general E;=103.(N/7.18)%%(V?/4387),/ B2/2+B2sir? (0/2)  (2)
quality of a driving function was determined as a correlation '
coefficient between index and function. We used the alternaThe correlation coefficient betwedfy anda,, is 0.77.
tive method, explicitly controlling selection of input param- ~ We determinex,, driving functions separately for four sea-
eters. The algorithm is easy to understand, considering th&0ns, centered on equinoxes and solstices (Fig. 3). Curves are
first example (Fig. 2). Details of the process and interpreta-approximated with linear interpolation/extrapolation. The
tion were described bRetrukovich (2006); Petrukovich and number of points in the model was increased (cf. Figs. 2d
Rusanov (2005). and 3) to achieve necessary level of accuracy. Assum-
Figure 2a presents averagg for logarithmically spaced N9 a,=1/N }_; Pi(E;), difference in curves characterizes
bins of the driving function values (her&=V By), taken ~ changes in magnetospheric responBeE), while solar
for the same 3 hours, and separately for differént It wind-related part of SAV is contained in seasonal sets of
is evident, that solar wind speed contributes to the indexsolar wind inputsk;. Response functions for autumn and
more than just viaVB,. The equal vertical spacing be- SPring are similar. The winter response is lower as expected.
tween the curves at differerft Suggests an additive, rather The summer curve deviates from the winter one at hlgher in-
than multiplicative modification, which will bring the curves Puts towards equinoctial responses (see also Sect. 4). There-
closer. We select it a8V2, a=7x10"8(mV/m)/(km/s)2 forg we analyzed only the difference between winter and
(Fig. 2b) (also checked in the least squares sense). Thi§Pring/autumn.
procedure was repeated with the adjusted driving function
and new tested solar wind parameters. The driving func- . . "
tion always had the dimension of electric field and units3 Semiannual index variation
of mV/m. Since the procedure is essentially iterative, ini-
tial choices are finally verified only in the end of the pro-
cess. Therefore in Fig. 2b the final function with de-
pendence is used. IMB, input (not shown here) is opti-

Table 1 contains seasonal averages,Qfwhich form the ba-

sis for our analysis. In what follows we discuss the results
of the primaryE model and return t&»> model in the end of
the section. For exact comparison we need to retain only the
mized asE=V B}+aV?, B}=,|B2/2+B? sir? (9/2). The a, subset with available solar wind measurements (Table 1,
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Fig. 2. Solar wind speed and density inputdg. Thin vertical lines denote 90%-significance range of mean values. The averages from bins
with less than 10 data points are not plotted.

line 2). Our model reproduces these values within about ;54
~0.02nT (Table 1, line 3). The 90% confidence range for

a mean value estimate (of a Gaussian process, with a num- Spring
ber of data sample&>>1) is ~1.6xo/+/N, whereo is the —— Summer
estimate of variance. In our cases this confidence range is ——Autumn
0.1-0.25nT, depending on a season. An average of many 1007 | —=—Winter

unique P;(E;), i=1...N can be equivalently described by a =
simple bilinear function of a histogram of solar wind inputs %_
oj, Zj « ;=1 (depending on a season) and responses at some v

predefined input& ;, j=1...K: 50f
ap=1/NY P(E) =Y a;Pj(Ej) =aP ©)
i J
For simplicity in the following we drop summation signs. ol—= ‘ ‘
Relatively small variations af and P from season to season 10° 10"
can be introduced as« and AP. The difference between (NIN.)*2(V(BZ/2+B%)?sin %(8/2)+av?), mVim
spring and winter is Y
apsp — apyi = (i + Aa)(Py; + AP) — ay,; Py, Fig. 3. a, seasonal variations in driving function.
= 0yi AP + AaPy; + AaAP. (4)

www.ann-geophys.net/25/1465/2007/ Ann. Geophys., 25, 1465-1469, 2007
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comparing Figs. 2a and c. Proper choicelofcorrection
is most important for the northern-type IMF, whémB; is
small (left side of Fig. 2a). Multiplication by one mo#é

Table 2. Components of seasonal difference in nT.

Parameter Total Response Solarwind Nonlinear . . L

P (V2B;-type function) results in a too small values and signifi-
spring-winter  4.00 2.29 1.32 0.38  cantunderestimation of the index (last line of Table 1). These
autumn-winter  2.79 2.09 0.58 0.12  small inputs occupy only a fraction of dynamic range and the

problem can not be readily revealed during usual correlation

analysis. Our results generally correspond to recent publi-
The first two members on the r.h.s. are, returning to the initialcations (see Introduction), relating more than half of sem-
model: inannual variations to magnetosphere/ionosphere response
and 20-30% to solar wind variability. Despite the clear dif-
ference between seasons statistical errors are not negligible.
Aa Py = asp Pyi — otyi Pwi = Puwi(Esp) — apui (5)  The RM effect and non-linear terms are at the margin of sta-

The first line is magnetospheric response contribution totlst|cal significance. These numbers are relatively robust and

SAV, the second one — solar wind contribution. The nonlin- €& Pe reproduced qualitatzively even with a not fully optimal
ear termAa A P can determined using the I.h.s. of Eq. (4) and dr|V|.ng function, here — OV B;-type. )
results of Eq. (5). Results for the spring-winter and autumn- Smce 11 Of, 1,3aP stations are located in the Northern
winter pairs are in Table 2. Hemls_p_h_ere, |t_ |s_fr_equently argued, thas may contain

In the frame of this approach the Russell-McPherron effect?” a_rt|f|C|aI penodmt_y related with seasonal asy_mmetry_ of
Aap®M is a part of the solar wind contribution. We estimate "eMISPheres. In particular, the summer effect (Fig. 3) might

it's share in the first approximation as (M denotes GSM, Qbe attributed to such north-south asymmetry. However, sea-
denotes GSEQ frames): sonal variability of alternative latitudinally equilibrated in-

dexam is also complex: winter averages @#:, an, as are
ap =ay Py = (@g + Aa) Py = Py(Ep) + AapRM (6) the same, but the summer values are different. Therefore
the part of magnetospheric contribution might be due to in-
herent asymmetry between hemispheres or details of index
derivation, which need to be taken into account in a further
study. Also the averagen and its variance are factor of 1.5
the solar wind related part of SAV is different in spring and larger, than that Ob”’. vyh|le the amplitude of SAV 1S the
) . . same. Therefore statistical problems are more significant for
autumn and is of the order of 20—30% (includird.0% of
. o theam dataset.

Russell-McPherron effect). Nonlinear part is minor and less ludi f lized o hod
than 10% Concy ing, we suggest a formalized quantitative metho

' to describe SAV ir, index, which is consistent with pre-

The E> model with the alternative form of solar wind . . . ) :
: ) .vious results, provides error and nonlinearity estimates and
speed input turned out to be substantially less accurate in

reproducing seasonal averagesapf(last line of Table 1), a useful functional form for a further study of each source

. . ; agnetosphere and solar wind). However, further research
However, proportions between decomposed heliospheric angn 9 P )

) - will be more difficult, since smaller contributions are less
magnetospheric SAV sources were almost the same as in th

primary model (not shown here). efinite statistically.

i AP = ayi Psp — ayi Pyi = xp(Ewi) — APwi

Contribution of the RM-effect in spring is 0.39 nT, in autumn
—0.36nT, in winter —0.13nT.

Concluding with numbersg,, SAV due to the magneto-
spheric response is rather stabl2—2.2 nT (60-75%), while
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