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Abstract. The importance of space weather and its forecast-2003ab). These exchanges consequently cause geomagnetic
ing is growing as interest in studying geoeffective processestorms and substorms and the exchanges further continue
in the Sun — solar wind — magnetosphere — ionosphere cowwith the Earth’s ionosphere. Questions about fluctuations
pled system is increasing. In this paper higher order statisand their role in these processes have recently arisen. The
tical moments of interplanetary magnetic field and geomag-solar wind is an inhomogeneous, anisotropic and compress-
netic SYM-H index fluctuations are compared. The properible magnetized plasma, in which the bulk plasma parameters
description of fluctuations in the solar wind can elucidate im-and the magnetic field fluctuate over a broad range of spatial
portant aspects of the geoeffectivity of upstream turbulenceand temporal scale3¢ and Marsch1995 Horbury and Tsu-

and contribute to our understanding of space weather. Our rerutani 2007). It is a plasma flow originating from the Sun,
sults indicate that quasi-stationary intervals during both quietshowing typical turbulent and intermittent properties resem-
and stormy periods have to be investigated in order to findbling those in laboratory turbulent flows (efweben et al.
correlations between upstream and geomagnetic conditiond.979 Zank and Matthaeys992 Oughton, 1993. These

We found that the fourth statistical moment (kurtosis), which fluctuations were not usually taken into account in many past
was not considered in previous studies, appears to be a nemodels. Recently, the two-component model of MHD fluc-
geoeffective parameter. Intermittency of the magnetic tur-tuations was proposed. This model considers an eddy turbu-
bulence in the solar wind can influence the efficiency of thelence (so-called 2-D-turbulence) in the perpendicular direc-
solar wind — magnetosphere coupling through affecting mag+tion to the mean magnetic fieBy together with so-called
netic reconnection at the Earth’'s magnetopause. slab turbulence in the parallel directionBg (presenting the
Alfvén waves). In plasma, turbulence cannot exist without
contemporary existence of outward- and inward- propagat-
ing Alfvén waves, which have to be decorrelated with each
other (e.gBruno and Carbon€005.

Recent results in understanding the dynamical processes Recently, more and longer term data sets have become
within the Sun — solar wind — magnetosphere — ionosphereavailable with better time resolutions. This makes it possi-
coupled system have brought new questions in this fieldble to do new studies of changes in fluctuation statistics with
All events at the Sun leading to large perturbations in thellyr of solar activity cycle. The results differ depending on
Earth’s magnetosphere — ionosphere system are called gewhether the fast or slow solar winds were considered Tetg.
effective. As the importance of space weather and its foreand Marsch1995 Bruno and Carbone2005. The fast and
casting grows, so does interest in studying geoeffective proslow winds have a different nature and their appearance also
cesses in this coupled system. The significance of the redepends on the phase of the solar cyBlrifio and Carbone
connection processes during periods of southward interplan2009. During the maximum of the solar activity cycle the
etary magnetic field in exchanges of mass, energy and mofast wind comes from the polar parts of the Sun within the
mentum between solar wind and magnetosphere plasmas, fs&a@me of the open magnetic field line regions identified by
well-known (e.g.Baker et al, 1996 Borovsky and Funsten  polar holes. In contrast, the slow wind appears in equatorial
plane leaking from closed magnetic field line coronal fea-
tures called “helmets”. The situation greatly changes in the

Correspondence tdD. JankovEova minimum phase of the solar activity cycle. The polar coro-
BY (dja@ufa.cas.cz) nal holes, which during the maximum of activity are around
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: ‘ ; and better understanding of solar disturbances headed to-
VI40 [km/s] ward the Earth. All these possibilities together with better
models of fluctuations can help in refining predictive mod-
els of magnetospheric disturbances e.g. magnetic storms and
substorms, which represent a basic dynamic process in the
magnetosphere (e.dankovéova et al, 2002 Voros and
JankovE€ova, 2002.

In this paper we are interested in role of the fluctuations
in plasma processes within the solar wind — magnetosphere
coupled system. We ask whether these fluctuations play any
role in geoeffective processes besides all these well-defined
geoeffective parameters and conditions studied earlier (e.g.
Burton et al, 1975 Vassiliadis et al. 1993 O’Brien and
McPherron 2000. We examined the changes in the higher
order statistical properties, namely the 3rd and 4th orders, of
the solar wind and magnetospheric plasma data. We chose
Fig. 1. Time behaviour of interplanetary magnetic field component sSimultaneous data sets of the interplanetary magnetic field
B; (red) and the solar wind plasma velocity amplitydge(black). GSM componenB, and SYM-H index, as a proper measure
Example of(a) non-stationary interval containing mix of various of the ring current intensity.
physical situations{b) more stationary interval proper for analysis
of geoeffective properties.
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2 Methods of analysis

the solar poles, reach the equatorial regions in minimumTO be able to evaluate the fluctuation statistics of turbulent

(Forsyth et al. 1997 Forsyth and Breen2002 Balogh et flows .in plasma at djffer_ent time scales, it is.necessary
al, 1999. This new configuration produces an alternation of {0 define the two-point difference ., called increments
the fast and slow wind streams in the ecliptic plane. During(Frisch 1999:

the expansion, dynamical interactions develop between suchB,=B(t+1)—B(¢). 1)
fast and slow winds, generating so-called “stream interface”,
a thin region ahead of the fast stream characterized by stron
compressive phenomenBgvassano et al1997 Bruno and

It takes into account the Taylor hypothesis, which is well ver-
ffied for solar wind Bruno and Carbone2005. Turbulent

S plasma flows are usually described by the probability dis-
Carbone2009. The fast wind is less dense but hotter than tribution function (PDF) of the field increments of velocity

slow wind and its proton number density and magnetic f'eldav, and magnetic field B, over the varying time scale

intensity are more steady. The magnetic field vector of the,_". .
fast wind fluctuates in direction much more than in the slow (Frisch 1993. In solar wind plasma the changes of shape

wind. It supports the idea that strong Aéfwic fluctuations of PDF with time scale have typical properties of intermit-

are present, which mainly act on magnetic field and veloc-tent behaviour iy, ands B (Sorriso-Valvo et al.1999.

N . . At the larger scalesg it is nearly Gaussian but as the scale
ity direction vectors and are typical for the fast wind (e.g. decreases the wings of the PDF become stretched due to the
Belcher and Solodynd975. Within the slow wind, com-

. . . fact that large deviations from the average value of the fields
pressive regions can also appear, which precede the stream

interface. However, they are not due to dynamical eﬁectslncrements are present.
' ey al . y Mathematically, it is necessary to know the infinite num-
but by presence of the heliospheric current sheet betweeB

. o ; g er of statistical moments to describe the PDF properly. In
two opposite polarities of the interplanetary magnetic field . ) _
Gaussian case the first moment called mean valaed the
(Bavassano et al1997).

) . ) second moment called variane8 (or its squared root as the
The geoeffective role of Alfénic fluctuations and mag-

. di di o | standard deviatiow) is enough to characterize it properly.
nﬁt'c stLuctureshwash Iscussedin ng"rln'c'ﬁ etal.(2009).  Butin the non-Gaussian case, the 2nd order statistics are not
They showed that the situation greatly changes during the icient for the complete definition of PDF. It is necessary

solar activity cycle. While the Alfenic fluctuations are geo-  , taye into account higher order statistics. In this paper we
effective at the solar minimum phase, the magnetic structure§ii deal with the third and fourth moments known as skew-

play arole at the solar maximum phasgnian et al(2009  o55 and kurtosis. Skewnes$) is the third standardized

among others, also suggested that a close correlation betwe‘ﬁr\‘oment of a PDF and indicates the degree of asymmetry of
interplanetary Alfien waves and AE index exists. a distribution

Increases in the number of spacecrafts, advances in tech- __3
niques for observing the Sun and solar wind and in processszi Z [xj —x] ) @)
ing their datasets, allow much more advanced identification N =L o
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Fig. 2. (a,c)Skewness (black) and kurtosis (red) of the interplanetary magnetidfieddmponent vs time scalessketched for € (1 min,
40 min) for: (a) long non-stationary interval (see Fig. 1a), (c) stationary interval (see Fig.Slajd K were calculated within multiple
shifted windows to be able to estimate the error béngd) The estimation of stationarity was done statistically, for different values®f
(1 min; 40 min calculated for: (b) long non-stationary interval (see Fig. 1a), (d) stationary interval (see Fig. 1b).

If a distribution has a positive skewness the right tail is 2000-2001 were used. As magnetospheric characteristics the

longer, otherwise skewness is negative if the left tail is longer.SYM-H index with A T =1 min were chosen. SYM-H index

The skewness for Gaussian distributionSi0. Kurtosis is  is ideally regarded as a measure of the magnetospheric ring

the fourth standardized moment of a probability distribution current intensity.

PDF and presents the degree of peakedness of a distribution The raw data was transformed in several steps to create

N a4 the basic database for our investigation. In the first step we

K= {i Z [xj—x} } _3 (3) differenced the data by Eq. (1). This equation represents a

N =L kind of high pass filtering process necessary to set off the
fluctuations in the lower frequency range.

In the second step it was necessary to find proper periods
for our analysis. In Fig. 1 it can be seen that real data sets
are a mix of many physical situations and if very long peri-
ods would be analysed (Fig. 1a) it would not be possible to
3 Results characterize particular processes leading to any response on

magnetospheric side. Besides, such long intervals are non-
For studying the geoeffective processes it was necessary tstationary in multiscale sense (Fig. 2b) and they will give sta-
find simultaneous interplanetary and geomagnetic data setsistical results very far from the truth (Fig. 2a). For the sake
To this end the solar wind data was time shifted from the so-of it, it was necessary to choose shorter (Fig. 1b) and more
lar wind satellite position to the Earth using the solar wind stationary data intervals (Fig. 2d), which would contain more
convection velocity. For our analysis the time series of 16 ssimple physical situations.S and K were calculated with
averages of interplanetary magnetic fi&ld(GSM) compo-  sliding window analysis withirr € (1 min; 40 mir}, which
nent measurements performed by ACE satellite during yearsllowed to estimate the error bars (Fig. 2a,c). Afterwards,

Positive kurtosis indicates a “peaked” distribution and neg-
ative kurtosis indicates a “flat” distribution. The Gaussian
distribution has kurtosi& =0.
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Fig. 3. Periods selected by special conditions described in detail in(@XEASE A (red — the interplanetary magnetic fiddd component;
blue — the magnetospheric SYM-H index) gl CASE B (black arrows -B; turning to B; <0 for more than 2 h).

the time evolutions of and K for different values of time  The intervals contain one-day data (i.e. 5400 points), which
scalesr € (1 min; 40 min were monitored (Fig. 2b,d). Con- were chosen not to contain interplanetary shocks. Obviously,
sequently, only those data intervals were chosen for furthetonger intervals could contain more data points, but the avail-
analysis for which§ andK could be estimated within sliding able number of quasi-stationary intervals would be signifi-
windows with small variability. We find that the stationarity cantly reduced. In each of these 54 intervals the higher order
of mean or standard deviation does not guarantee the statioomomentsS andK defined by Egs. (2) and (3) were calculated
arity of higher order moments for non-Gaussian dynamicalin the moving window of W=45 min for different time scales
processes. Fig. 2a shows the scale evolutiof ahd K for 7 € {1 min, 60 min (Fig. 4a—d). Figure 4a,b show no differ-
a longer (eight days) interval depicted in Fig. 2b. The es-ence in the scale dependency of the skewness. The estimated
timated error bars indicate that multiple physical processewalues ofS fluctuate around zero for both the interplanetary
are present and the moments cannot be calculated straightfomagnetic fieldB, component and SYM-H index and this be-
wardly. On the contrary, during shorter intervals the plasmahaviour is independent on the selection criteria (CASES A
parameters and the magnetic field do not change so muchar B). It means that the asymmetry of the probability density
therefore,S andK can be estimated more accurately. Fig. 2c function does not appear to be a geoeffective key parameter.
shows the estimation of the scale dependency of moments fofhe scale dependency of kurtosis estimated from the inter-
a quasi-stationary interval depicted in Fig. 2d. planetary magnetic field, component and SYM-H index
Following these conditions, 54 intervals were chosen,for both CASES A and B is depicted in Fig. 4c,d. The in-
which were divided into two groups, depending on condi- crease oK towards smaller scales is a sign of peaked distri-
tions in the interplanetary magnetic fiekl component and  butions and intermittency. Intermittency is stronger in the so-

SYM-H index: lar wind than in the magnetosphere. However, quiet time pe-
) . riods (CASE A) exhibit smaller values of kurtosis than mag-
1. CASE A-22intervals (Fig. 3a) netically disturbed periods (CASE B) (Fig. 4c,d). Therefore,
@) | B, | <10nT we consider the distinct scale evolution of the kurtosis to be

an important physical parameter describing certain geoeffec-

(b) I SYM-H| <20nT tive features of the magnetic fluctuations in the solar wind.

2. CASE B - 32 intervals (Fig. 3b) The scatter plots of thd and K estimated from the in-
terplanetary magnetic fiel@, component and SYM-H in-
(@) B; turning toB,<0nT for more than 2h dex are shown in Fig. 5 in order to demonstrate better the
(b) SYM-H <—20nT relationship between the solar wind magnetic fluctuations

and SYM-H index fluctuations. The results for both cases
The CASE A intervals were considered to be quiet time p (black) and B (red) and the evolution of this relation-
periods and CASE B as periods, which can lead to magnetoship can be compared for different time scatesl min (s),
spheric disturbances, observed in the SYM-H index. 75=10min @) andr3=20min (A). Again, the scatter plots

Nonlin. Processes Geophys., 15, 532008 www.nonlin-processes-geophys.net/15/53/2008/
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Fig. 4. The time scale dependence df,c) skewnesss and kurtosisk of the interplanetary magnetic field componéntfor time scales
betweenr € (16's, 60 mifn in moving windowW =45 min for CASE A (black) and CASE B (red(p,d) skewnessS and kurtosisk of the
magnetospheric SYM-H index for time scales between (1 min, 60 mir) in moving windowW=45 min for CASE A (black) and CASE B
(red).

of S over different scales (Fig. 5a,c) show no clear patternspoccurrence of geoeffective physical processes in the solar
while the scatter plots ok over the same scales (Fig. 5b,d) wind e.g. long lasting southward interplanetary magnetic
show an interrelationship between the solar wind and magfield conditions lead to the appearance of strong geomagnetic
netospheric fluctuations. Namely, larger values of kurtosis instorms. In this paper we studied the effect of interplanetary
the solar wind are associated with larger values of kurtosismagnetic field fluctuations on the geomagnetic response rep-
in the magnetosphere and this relationship is visible at theesented by the SYM-H index. We examined the multi-scale
scales of a few minutes. evolution of higher order statistical properties in the solar
We can suppose that magnetic fluctuations exhibiting largevind and magnetospheric fluctuations. Quasi-stationary, si-
values of kurtosis or high intermittency in the solar wind multaneous data sets of the interplanetary magnetic #leld
might influence reconnection processes at the magnetopauseomponent and the SYM-H index were chosen during both
These results support the idea that at least part of the fluctuguite and active periods. Our results indicate that:
ations observed at Lagrange point, where ACE satellite

operates, will reach the magnetosheath unchanged and can) The fluctuations of the solar wind cannot be always de-
be supposed as a driver for the magnetosheath fluctuations, * g¢riped as stationary random processes, because the fast
which consequently allow them to pass modified through the and slow solar winds have different sources on the Sun.
shock. Therefore, these features of the magnetic field fluctu-  Therefore, different physical processes drive the fluctu-

ations seem to represent specific conditions in the solarwind  44ions. From the point of view of consistent time se-
influencing the effectiveness of the solar wind — magneto- ies analysis and straightforward identification of spe-
sphere coupling. cific processes in the solar wind, quasi-stationary inter-

vals must always be selected for statistical estimations.

4 Conclusions
(i) The asymmetry of the probability density functions de-

It is well known that specific space weather conditions and scribed in terms of the skewness does not seem to be
an enhanced geomagnetic response strongly depend on the important as a geoeffective parameter.
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Fig. 5. Scatter plots of the skewneS§f the magnetospheric SYM-H index vs skewness of the inteplanetary magnetic field comppnent
for (a) CASE A and(c) CASE B; and the scatter plots of the kurtogif the magnetospheric SYM-H index vs kurtosis of the inteplanetary
magnetic field componem; for (b) CASE A and(d) CASE B computed for different time scales=1 min (e), 72=10 min (©) andz3=20 min

(2).
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