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Abstract. Preliminary results are presented which suggestsolini and Lui, 1999; Chapman et al., 1999; Freeman et al.,
that scaling and singularity characteristics of solar wind and2000a,b; Sharma et al., 2001). Scale-free power spectra of
ground-based magnetic fluctuations appear to be a significamhagnetospheric fluctuations, however, admit several possi-
component in the solar wind-magnetosphere interaction proble explanations other than F/SOC. Watkins et al. (2001a)
cesses. Of key importance is the intermittence of the “mag-compared linear noisy, low-dimensional nonlinear, stochastic
netic turbulence” as seen in ground-based and solar windractional Brownian motion (fBm) and SOC models of mag-
magnetic data. The methods used in this paper (estimation afetospheric fluctuations to examine their scaling and pre-
flatness and multifractal spectra) are commonly used in thalictabilitity properties. They concluded that the SOC model
studies of fluid or MHD turbulence. The results show that is of particular interest to magnetospheric physics due to its
single observatory characteristics of magnetic fluctuationgobustness in explaining scalings under the wide range of
are different from those of the multi-observatoty-index. activity levels exhibited by the magnetosphere and the so-
In both data sets, however, the influence of the solar windar wind. On the other hand, weakly nonlinear models with
fluctuations is recognizable. The correlation between thefBm type noise added could explain the scaling and pre-
scaling/singularity features of solar wind magnetic fluctua- dictabitity properties of magnetospheric fluctuations equally
tions and the corresponding geomagnetic response is demomell. Geomagnetic fluctuations on the time scale of sub-
strated in a number of cases. The results are also discussed$torms and storms certainly appear to be a compound mix-
terms of patchy reconnection processes in the magnetopausere of multiscale magnetospheric processes, including the
and forced and/or self-organized criticality (F/SOC) of inter- component represented by intermittent solar wind fluctua-
nal magnetosphere dynamics. tions (Chang, 1999; Daglis et al., 1999). Spectral methods
that make a distinction between these constituents may be
queried to a certain extent mainly because the information
on nonlinear multiscale structures is partially hidden for sec-
ond order statistics. For example, Tsurutani et al. (1990),
According to recent knowledge magnetospheric plasma fluclSing theA E-index time series, have shown that the power
tuations may be explained in terms of multiscale intermit- SPectrum of theA £ data exhibits two different power-law
tent models, including nonlinear self-organization processe$calings divided by a spectral break at the frequency range
(forced or not) near criticality (F/SOC) (Chang, 1992, 1999; about 1/(Sh). While the higher frequency part was thought to
Chapman et al., 1998; Takalo et al., 1999; Klimas et al.,pe more intrinsic to the magnetosphere, the lower frequency
2000). The basic physical concepts and the correspondPart was attributed to the influence of solar wind.ords

ing path-integral and renormalization group formalisms of (2000) has shown that similar results can also be obtained
nonlinear self-organization of magnetospheric processes ar@y means of a multifractal technique, which makes it also
described in Chang (1999). These models predict mulPossible, however, to reveal additional information on singu-
tifractality, non-Gaussian, power-law distributions for cer- larity distributions of high-latitude geomagnetic fluctuations
tain measurable physical quantities and associated powefSee later) that are not evident from spectral studies. Among
law scalings for power spectra. In fact, several experimen-Other things, the results of multifractal analysis show that the
tal studies seem to support the theoretical predictions quitdocal singularity (Hblder) exponents are time dependent and
well (Consolini et al., 1996; Milovanov et al., 1996; Con- the previously proposed fBm type or bicolored noise model
solini, 1997; Borovsky et al., 1997; Consolini and De Miche- (Takalo et al., 1993) of geomagnetic fluctuations is not rele-
lis, 1998; \bros, 1998; Uritsky and Pudovkin, 1998; Con- Vvant. Moreover, for a range of singularity exponents, a multi-

1 Introduction
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plicative cascade model, (the-model) describes quite well density fluctuations in a magnetically confined plasma sys-
the observed singularity distribution of geomagnetic fluctua-tem and found that waiting time statistics are in contrast with
tions. Out of this range, however, significant deviations fromthe predictions of an SOC system. An opposite view was
a multiplicative model appear. The-model describes en- presented by Freeman et al. (2000b), who conjectured that
ergy cascade processes in turbulent flows. The largest turbwa wider class of running sandpile models (Hwa and Kardar,
lent eddy is assumed to be built up by a specific energy flux1992) could exhibit power-law behaviour in the probability
per unit length. Then a scale-independent space-averagedensity functions of waiting times. Watkins et al. (2001b)
cascade-rate is considered and the flux density is transferredetermined that the PDFs for burst durations and waiting
to the two smaller eddies with the same length but differenttimes in a reduced MHD simulation follow power laws that
flux probabilities p1 and po. This process with randomly are not sufficient to distinguish between turbulence, SOC-
distributed p1 and p2(p1 + p2 = 1) is repeated towards like models and colored noise sources. Boffetta et al. (1999)
smaller and smaller scales. The energy transfer rate is hcand Antoni et al. (2001) also argued that SOC models rep-
mogeneous fop = p1 = pp = 0.5, while p; > 0.5 cor-  resent self-similar, fractal phenomena. Geomagnetic fluctua-
responds to an intermittent flow. Figure 1 shows how the in-tions exhibit clear multifractal scaling (Consolini et al., 1996;
termittence increases with increasing parameidifu etal.,  Voros, 2000), which seems again to contradict the SOC con-
1996) ina, f(a) plane (Halsey et al., 1986). The larger the cepts. Georgoulis et al. (1995), however, demonstrated that
spread is ofr values around right-shifted, the more inter-  the SOC state displayed by their cellular automaton model of
mittent the field. In spite of the simplicity of the outlined isotropic and anisotropic energy avalanches has multifractal
cascade model, its relevance for the description of intermit-and multiscaling characteristics, rather than single power-law
tence effects in magnetospheric fluctuations may lead to thecalings, and this feature was even enhanced by considering
assumption that turbulence rather than F/SOC models fit thextended instability criteria. Similar SOC models of solar
observed statistics better. Some results on statistical distriflares also exhibit multifractal and multiscaling characteris-
bution of internal time periods between bursty geomagnetidics (Vlahos et al., 1995). Recent works (Vassiliadis et al.,
events (waiting times) (Kacs et al., 2001) seem to support 1998; Isliker et al., 1998, 2000; Georgoulis et al., 2001; Urit-
this assumption. SOC models (at least the original Bak et alsky et al., 2001b) underline the proximity between the SOC
(1987) model) are expected to display an exponential waittules and laws of MHD in space physics systems, which are
ing time distribution. Geomagnetic data, however, displaylong known to exhibit turbulent behaviour (Georgoulis, per-
a well-defined power-law waiting time distribution. It was sonal communication, 2001). More realistic F/SOC models,
pointed out by Boffetta et al. (1999) that the observed powerswhich include, for example, less artificial feedback mech-
law waiting time statistics in solar flares appears to be wellanisms, a wide variety of drivings, interacting avalanches,
explained by MHD shell models of turbulence. Similar re- SOC in continuum physical systems (Lu, 1995), etc., may
sults were presented by Spada et al. (2001), who analysefiirther establish the proximity with turbulence. As pointed
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out by Uritsky et al. (2001b) the concept of SOC in a con- Veltri and Mangeney (1999) and Bruno et al. (1999) have
tinuum limit (fluid or MHD limit) is essentially unexplored. shown that there is a direct link between intermittence and
Klimas et al. (2000) proposed a simplified Earth’s magneto-the presence of SW structures (Adfvic, magnetic fluctua-
tail, current sheet model based on the continuum SOC modedions, discontinuities) across which the magnetic field mag-
of Lu (1995). The continuum Lu model in a magnetic field nitude changes. Also, the high frequency (small-scale) fluc-
reversal configuration can evolve into SOC due to localizedtuations of the southward component of the interplanetary
rapid magnetic field annihilation within the field reversal re- magnetic field have a different spectral scaling exponent than
gion. In the same time, the plasma sheet is dominated byhe one exhibited by geomagnefi&-index fluctuations. On
strong turbulence which keeps the system near criticality andarger scales the corresponding spectra are similar (Tsuru-
produces a predictable quasi-periodic loading-unloading cytani et al., 1990). A comparative study of dynamical criti-
cle of coherent global substorm activity (Klimas et al., 2000). cal scalings in the auroral electrojet £) index versus solar
In this model, turbulence, SOC states and coherent globalind fluctuations confirmed that for times shorter than 3.5h
modes coexist within the Earth’'s magnetotail on different (higher frequencies) tha E-index fluctuations are of inter-
scales. As a result, the observed ground-based and satelliteal magnetospheric origin (Uritsky et al., 2001a).
time series contain a mix of fluctuations of different phys-
ical origin. Angelopoulos et al. (1999) further argued that ,
the presence of intermittent turbulence in the Earth's mag2 Data analysis methods
ngtotall may aIte_r the conductivity and the mass/momentumAS usual, we introduce the concept of scafg hrough the
diffusion properties across the plasma sheet and may permi ifference
cross-scale coupling processes that also play an importan
role in the establishment of SOC state. SX(t, 1) =X@t+1)—X(1), Q)

In this paper, no attempt will be made to participate in the ) ) ) ) ]
theoretical debate on SOC or turbulence. However, having 4/N€re X () is the time series under consideration. Marsch
pragmatic view, our opinion is that measures of intermittence2nd Tu (1994) have shown that the PDFs of the increments

or characteristic descriptors of cascade processes, commonfy (X - SW parameters) exhibit strong deviations from
used in turbulence studies, like the flatness and multifracta®2ussianity, especially at smaller scales and the effectis due

spectra, could be applied in solar wind-magnetosphere into intermittence of SW fluctuations. To quantify the degree

teraction studies for further comparison of basic characteris®f déviation from the Gaussian distribution, i.e. the level of

tics of intermittent fluctuations in the solar wind and within intermittence at different scales, we compute the flatness de-
the magnetosphere. We assume this aproach might be usin€d by
ful by providing experimental information on such charac- 6X(t, )%
teristics of fluctuations that are not accessible for spectralf’ = m
studies or second order statistics. This assumption was al- ’
ready investigated in s (1998, 2000); ¥ros and Koacs ~ The flatness of a normally distributed signal is equal to 3.
(2001); Kowacs et al. (2001). The preliminary results al- Adding intermittent fluctuations to an originally Gaussian
low to make a working hypothesis such that intermittence,signal implies the spreading of its PDF, and consequently,
scaling, or rapid changes, singularities represent an essefhe€ increase of its flatness from the original value of 3.
tial piece of information regarding the effectiveness of solar Non-homogeneous/intermittent distributions in space/time
wind-magnetosphere coupling not considered enough hithmay also appear as asymptotically singular and can be char-
erto. In order to go deeper, we analyse different geomagneti@cterized locally at the point by the singularity (tlder)
and solar wind data sets and make a comparison betweegxponentsx (Véhel, 1996; ¢hel and Vojak, 1998; Riedi,
various magnetic activity levels considering time scales 0f1995; Canus, 1998) as
geomagnetic storms (from hours to days), substorms (from —log (I"(r))
half an hour to a few hours) or less. a,’j(t,») = lim ——n 3)

The main goal of this comparative study is to contribute to e n
the understanding of solar wind-magnetosphere interactionvhere . is a measure constructed from a time series. The
processes on the basis of characteristic scaling/singularitprocedure involves the computation of the energy content of
features of the considered time series. We recall that solathe signal difference (Eqg. 1) by taking its squared value. The
wind (SW) fluctuations are strongly intermittent (Burlaga, measure at a point is given bysX2(r;, 1)/ "; 8X%(4;, 7).
1991) that is energy at a given scale is not homogeneouslyfo analyse the distribution of singularity exponents (Eg. 3) a
distributed in space and/or time. Several studies on charsequence of partitionB is introduced so that (&hel, 1996)
acteristic probability distribution functions (PDF) of incre- P o— 1k 7

nct . = (1K), O0<k<2'—1

ments of SW parameters (magnetic field, velocity, tempera- "
ture, Elsasser variable, etc.) (Marsch and Tu, 1994, Sorriso- IF=<k27" (k+ 127",
Valvo et al., 1999) and on the multifractal structure of SW
fluctuations (Burlaga, 1992; Carbone, 1994; Marsch et al.wherel* is the interval containing and the resolution is set
1996; Tu et al., 1996) support this assumption. Moreover,by n. The quantity of interest is the so-called large deviation

@)
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singularity spectrumf (@), which represents a rate function regimesinthe SW (Freeman et al., 2000a; &owand \bros,
measuring the deviation of the observettom the expected 2001). Therefore, it is assumed that the scale free property
value@. The rate functionf («), can be estimated through of the A E-index may arise from the SW input or at least the

(Véhel, 1996): internal dynamics of the magnetosphere may be masked by
 Ny(@) the scale free properties of the SW driver (Freeman et al.,
f@) = Iim (4)  2000a). Again we are reminded, however, of the very limi-

n—00 n

wheren, (a) is the observed number of coarse graipider tations of secc_)nd order statistics in the interpretation of th_e

exponerr;ts. Usually “histogram methods” for estimation of o.bselrved. scallngs. Another measure of the aurora_l zone .d'S_

F(a) are used. In that case, the number of those interval sipation fields is represented by polar optl'cal activity within

7% for which a}( falls in a bo’x betweenr and ame is %J\_/I bands. Lui et al. (2000) have examined the blobs of

cr(l)mputed ancjf”(a) is found by a regressT(;nn it yiglec‘ixs cat- brightness as a proxy for BBF events. It was found that
' the non-substorm “internal” events have a power-law distri-

féif;ﬁ?é fjﬁltsufr(;rgru;rrr?ugﬂ?:fatr'xiepsfgss\;ﬁs’ l?lsjt:glls ©hution whereas the system wide events, such as substorms,
P P P en exhibit, in addition to a scale free region, a “bump”, corre-

2 coglcalll N furlwctlotr;]. LO overcome thc'és dlrliggét\ﬁ SIO -czlled sponding to a mean value in substorm breakups. A somewhat
ouble kernel method was proposec(iél, , enetan opposite view was presented by Consolini and De Michelis

Vo:alf, 19??‘ r%allzujtg t??ﬁ]”,ga) m;y be erttiln asa cotn—d (1998), who analysed E-index fluctuations on time scales
volution ot the density ot the, S and a compactly SUpported ¢ 1154 mjin poth in quiet (laminar phase) and disturbed pe-

lf(erzgte.:)‘nzhgsndmetzosrsnogys O?Oe;?]C?St't?:ﬁhngnfoonei?v“?nrzt?iods (turbulent phase). They found that in both phases the
unctl W going Wt IS Property May; o mittence at different time scales rescales in the same way
be properly used for the characterization of fluctuation pro-

. . . . and the non-Gaussian character of the PDFs seems to be due
cesses in near-Earth space. In this paper, the estimations ?(f

f () spectra were realized by using the FRACLAB package the same physical processes.

i ; Here we pose the question again about the scaling and sin-
developed at the Institut National de Recherche en Informa-gularity properties of thel E-index, compared to the similar
tique, Le Chesnay, France.

characteristics of geomagnetic data from the two observato-
ries THL and NAQ. Since thd E-index is derived from ge-
3  Ground based data omagnetic variations in the horizontal component observed
at selected observatories along the auroral zone in the North-
In order to study the basic characteristics of auroralern Hemisphere, we expect that the scal@Eq. 1) cannot
zone geomagnetic fluctuations, we analyse geomaghetic be precisely defined. The geographic distance between ob-
component 1-min mean data from the polar cap observaservatories through Taylor's hypothesis already introduces
tory, THULE (THL: 77.47° N, 29077 E), geomagnetic - some effective time shift (scale;), though the application
component 1-min mean data from the high-latitude observaof Taylor's hypothesis within the magnetosphere is limited
tory NARSSARSSUAQ (NAQ: 6116° N, 31457°E) and 1-  (Dudok de Wit and Krasnoselskikh, 1996). Besides, from
min mean auroral electrojefA() index time series, all from  the recordings of auroral stations, the greatest (upper enve-
1991-1992. lope) and smallest (lower envelope) values are taken at in-
As known, theA E-index was introduced by Davis and tervals of one minute and their difference defines e
Sugiura (1966) to describe the global activity of the auroralindex. As far as the contributing observatory, which gives the
zone electric currents and is derived, after the substraction oiower/upper envelope changes during the times, and the fact
base line values, from evaluation of the variations measuredhat the fluctuations with values between the upper and lower
at 12 stations located near the northern auroral zone. Therenvelopes are not at all taken into account (smoothing), the
exist a large number of physical mechanisms which coupleA E-index appears to be a measure of auroral zone processes
the auroral zone processes with those within the magnetowith mixed scales. This is certainly not an advantage when a
spheric tail or in the SW. Recently, intermittent energy trans-multiscale analysis of tha E-index time series is performed.
port in the magnetotail, the so-called bursty bulk flow eventsThis fact is usually neglected in the related literature. A less
(BBF) came into the limelight of the magnetosphere researctsophisticated way is to take data from a single observatory,
(Baumjohann et al., 1990; Angelopoulos et al., 1992). Frombut this may have some other drawbacks because significant
this point of view the understanding of the response of au-distant disturbance events can be missed. Also, some BBFs
roral zone currents or dissipation fields to the time-varyingwith short duration may remain undetected on the ground
magnetotail dynamics seems to be important. A full under-due to their localized nature (Daglis et al., 1999). Neverthe-
standing was not achieved regarding the nature and origin ofess, a comparison of fluctuations of the “multi-observatory
the related magnetic fluctuations. It was already partly ex-measure” (MOM:A E-index) and of the “single observatory
plained in the Introduction that it is related to the paradigmsmeasure” (SOM: THL geomagnetic fiel-component and
of F/SOC versus turbulence. We mention here some otheNAQ geomagnetic fieldk-component) may be instructive.
open questions. For example, it was shown that the burst life- Figure 2 shows the PDFs from normalized increméits
time distributions of some SW parameters are also of power{Eq. 1) of the SOM (Figs. 1la and b) and MOM (Fig. 1b)
law form, which might be a signature of SOC or turbulence data ¢ = X(NAQ), H(THL) and AE, respectively). Cal-
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Fig. 2. Probability  distribu-
tion functions computed for: (a)
NARSSARSSUAQ X-component
geomagnetic field; (b) THULE H-
component geomagnetic field;(c)
AE-index data. The time scales are
7 = 5,50, 500, 5000 min. Continuous
lines refer to Gaussian distribution,
while the “0” markers correspond to
the analysed data.

200

180 - T B

160 - B

140 - i

120 N

LL 100 o i

60 -

40

Fig. 3. The flatness as a function of
scale ¢ € (5,5000 min) estimated for

. 10000 NARSSARSSUAQ {), THULE data
©[min] (0) andA E-index s).

culations have been made for= 5, 50, 500, 5000 min and deviations (std) computed from the time series divided into
1 min mean data were considered from the years 1991-1992everal parts. For small scales, for exampldess than a
As can be seen, the distributions in all cases changewyith few tens of minutes, thd E-index (MOM) exhibits smaller
and for smaller values of, significant deviations from the deviations from the normal distribution than NAQ (SOM).
normal distribution occur. The tails of the distributions re- F(NAQ) reaches the level afinax (AE, T = 5) only at the
duce with increasing scale parameter as a consequence of tkaluet ~ 30 min, which roughly may be considered as the
decrease in the probability of coherent fluctuations betweereffective time shift introduced by the method of derivation of
points separated by increasing distance. The difference behe AE-index. THL (polar cap observatory) data essentially
tween the MOM and SOM is more clear if the flatnegy ( show the same behaviour as NAQ, but the stds are larger.
of the corresponding distributions is compared (Eqg. 2). Fig-Therefore, we conjecture that MOMs (multi-observatory ge-
ure 3 shows how the flatness evolves with increasing omagnetic indices), due to smoothing and scale mixing ef-
€ (5, 5000) min). The error bars correspond to the standardects, lead to an underestimation of the intermittence on
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Fig. 4. Dependence of singu-
larity rate functions on scale;
T = 5(A); 50(x); 500(0) min. (a)

NARSSARSSUAQ data(b) THULE

data; (c) AE-index. Thick line in

Fig. 4a corresponds tB-model fit.
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small scales. Henceforth, we will show only the dependenceaveraging needs to be done when estimatfiig) (Véhel,

of the flatness on scale parameter 1996), so the spectrum may be evaluated at only one res-
olution. However, to show that the estimations are consis-
tent, all the spectra were computed using 15 different resolu-
?Féns). Again, there are several differences between the SOM
) o and MOM data. Figure 4a shows the singularity spectra for
are depicted at the same plag f(«)) in Fig. 4. Proper NAQ observatory data. On the considered scales, the shape

symbols are introduced f(_3r the scates= 10, 50, 500min .of the curves is almost parabolic, close to themodel fit
(A, %, 0) and the dashed lines correspond to the errors estiy

mated by changing the resolution in Eqs. (3) and (4). (No(thlck curve), withp; ~ 0.745. The best correspondence

Let us consider now the singularity distributionga)
(Egs. 3 and 4) for the same data sets as above. To see b
ter how thef («) rate functions evolve with, all the curves
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is achieved for the smallest value of= 10 min (depicted ining the geomagneti®,, index, which is derived from the
by symbol A on Fig. 4a). It means that in case of auro- geomagnetic field?-component registrations of 4 observa-
ral zone SOM fluctuations and especially on small scalestories (Sugiura, 1964) and it aims at giving the effect of the
the deviations from the Gaussian distribution (Fig. 3) canmagnetospheric ring currents. The chosen periods were clas-
be explained by a simple cascade model. Though the phesified as disturbed ones if geomagnetic fluctuations with a
nomenology of turbulent cascades in fluid flows is more com-storm-indexD,; of less than—50nT occured several times
plex than the simpl&®-model fit in Fig. 4a would lead us to within a considered interval. The limit db;; < —100nT,
indicate, the 1D cascade model roughly describes how thevhich corresponds to intense storms, was considered as well.
auroral zone SOM fluctuations become more and more interWe emphasize, however, that instead of a study of individual
mittent at smaller and smaller scales. The spectra for polastorms, the generic features of fluctuations on a given scale
cap (THL observatory) SOM (Fig. 4b) antlE-index MOM T are investigated, but during longer periods of time. Essen-
(Fig. 4c) have a more pronounced non-parabolic shape, intially, 2—4 weeks of data with the considered time resolutions
dicating the presence of compound processes. At smalinay already ensure sufficiently robust estimations of singu-
scales £ = 5,50 min), THL observatory fluctuations contain larity spectra (Eq. 4). In this sense, several intense magnetic
stronger singularities due to the extension of the rate funcstormsD,; <« —50nT may occur during a strongly disturbed
tions’ left wings to the smaller (more singular) valuesoof  interval, where a less disturbed period contains less intense
For r = 500 min, however, the right wing evolves to a less storms and an undisturbed period has obly > —50nT.
singular value, which may be related to the SW influenceThe limit of —50nT was chosen on the basis of previous
(\Voros, 2000). This effect is less visible, but is still present studies of magnetic storms (Taylor et al., 1996). Intense
in auroral zone SOM data (Fig. 4a). The MOME-index = magnetic storms are characterisedby index < —100nT
f(«) spectra hardly change with We conjecture that this (Gonzalez and Tsurutani, 1987). In this preliminary study of
is the result of the method of derivation of theE-index, generic features of magnetic fluctuations, these limits may
resulting in smoothing and scale mixing effects. be considered as more or less adequate. We expect that this
In all cases, the deviations of singularity spectra from therough classification of the geomagnetic response allows us
parabolic shape may be indicative of the phenomenon ofo identify characteristic scaling and singularity features of
phase transition. Namely, at thevalues, where the («) the corresponding IMF magnetic fluctuations that would be
spectra are not in a parabolic shape, the major contributor tindicative for their geoeffectiveness.
the observed singularities may change from one measure to There were 5 time periods and 6 data sets separated for
another. As different physical processes may generate difour analysis (for one period there were both ACE and WIND
ferent measures (distributions), possible models with similardata available). The disturbed periods are the following: (1)
characteristics as the observed spectra may contain physicaP March — 25 April 2001 (ACE); (2) 1 October — 30 Novem-
information on the contributing (e.g. SW or magnetospheric)ber 2000 (ACE); (3) 9 April — 20 April 1997 (WIND). The
sources. undisturbed periods: (4) 18 November — 10 December 1998
(ACE); (5) 10 January — 29 January 1998 (ACE, WIND). For
demonstration we show some of the data sets.
4 Satellite data Figure 5 shows the first ACE data set from 19 March to
25 April 2001. For the sake of perspicuity, the time resolu-
The very advantage of the ground-based data is its availabiltion is 1 h (the flatness and singularity spectra are computed
ity for long periods of time. For a proper estimation of PDFs from the time series with a time resolution of 16 s and 3s).
or singularity rate functions, long data sets are needed whiclDuring this extremely active period, intense magnetic storms
is a requirement that is hardly ever fulfilled in the case of (D;, < —100nT) occured several times (Fig. 5¢). The limit
satellite data. Nevertheless, we expect to find out some interef —100nT is depicted by a thick line in Fig. 5c. Gonza-
esting scaling/singularity features of interplanetary magnetidez and Tsurutani (1987) have shown that, the interplanetary
field (IMF) fluctuations proceeding in the same way as in thecauses of intense magnetic storms are long duratio8 If),
previous section. To this end, we analyse ACE and WINDIarge and negative{ —10nT) IMF B, events, associated
IMF B magnitude and3, component data, which are avail- with interplanetary duskward electric fields5mvm=. In
able with a time resolution of 16 s and 3 s, respectively. SWFig. 5b IMF B, is depicted, including a thick line indicating
velocity is not considered here because of too many gaps itthe level of—10 nT. Comparison of Figs. 5b and ¢ shows an
the data. While the ACE satellite is continuously monitor- agreement with the above criteria, i.e. long duration negative
ing the SW at the_1 point, WIND has a more complicated IMF B, events occur together with intense magnetic storms.
trajectory that also crosses the magnetosphere from time t&igure 5a shows the variations of IME. It is visible that
time. For our analysis we have chosen time periods wheran intense magnetic storm occured at the end of the studied
WIND was also in the SW, and there were negligible dataperiod, betweem = 800 and 900 h (Fig. 5¢)B, < 10nT
gaps in both cases (less than 1% of the total data lengths). (Fig. 5b) andBmax ~ 17 nT corresponded to this event. A
Another aim was to analyse “geoeffectively different” pe- similar enhancement oB at 400h< ¢t < 450h appears
riods of IMF B and B, magnitude fluctuations. Geoeffec- in Fig. 5a having no intense storm responsedipa, which
tiveness during the chosen periods was considered by exantan be explained by the corresponding IMF> —10nT in
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Fig. 7. The flatness as a function of
scale ¢ € (16 5,16 % 10°)s) esti-
mated for the periods: 19 March — 25
April 2001, (ACE: A); 1 October — 30
November 2000, (ACE: 0); 9 April —
20 April 1997, (WIND:x); 18 Novem-
ber — 10 December 1998, (ACE); 10
January — 29 January 1998, (WIND);

10 January — 29 January 1998, (ACE:
©). Disturbed, i.e. geoeffective events,
are depicted by larger marker sizéa)
IMF B, (b) IMF B;.
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Fig. 5b. IMF. Kamide (2001) proposed that the quasi-steady com-
Jonent of the interplanetary electric field is imporant in en-
hancing the ring current, while its fluctuations are respon-
sible for initiating magnetospheric substorms. It is out of
scope of this paper to analyse the influence of other interplan-
etary parameters (e.g. velocity, density, temperature, etc.) on
Fluctuations of IMF and their geoeffectiveness were stud-storm/substorm activity (Daglis et al., 2001). Rather, we will

ied by a number of authors. McPherron et al. (1986) showedtoncentrate on the level of intermittence of IMF fluctuations.
that substorms are frequently triggered by changes in the

Figure 6 shows an undisturbed period from 10 January t
29 January 1998. Again, IMB, B, (WIND, ACE Figs. 6a—
d) andDy, index (Fig. 6e) are shown. It is visible that; >
—50nT andB,; > —10nT everywhere.
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Fig. 8. Singularity spectra (rate func-
tions) estimated for IMEB. The periods
and data sets are depicted by the same
marker types as in Fig. 7.
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o Fig. 7.

To this end, let us consider the flatnesses and the singulaSimilar differences are present in singularity spectra com-
ity rate functions for the disturbed and undisturbed periods ofputed for IMF B fluctuations at the scales af = 320s
1-5. Deviations from the Gaussian distribution are larger in (ACE) andtr = 60s (WIND), shown in Fig. 8. The same
the case of disturbed events depicted by larger marker sizemarker types were used as in Fig. 7. ACE and WIND data
in Fig. 7. The PDFs of the undisturbed events are also nonare depicted separately in Figs. 8a and b. The maxima of the
Gaussian, but the flatnesses for a given scale are smaller thaingularity spectra of more disturbed periods have a tendency
those for disturbed events, especially at scales 1000s.  to shift to larger values ak. Also, the spread of singulari-
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ties around the most probahileis wider for more disturbed small scale, rapid changes, singularities and non-Gaussian
cases, but it is the same behaviour as in the case of the sinstatistics of IMF fluctuations may play an important role in
ple P-model in Fig. 1, when intermittence is stronger and the SW-magnetosphere interaction processes.

stronger for larger and larger values pf. The differences Also, the question naturally arises as to what extent the
between the disturbed and undisturbed cases gradually ceasgagnetospheric response itself is influenced by small scale
for larger values ot (not shown). statistics of IMF fluctuations. Unfortunately, not all the ge-

Figure 9 shows the singularity spectra computed for IMF omagnetic data are available for the above analysed peri-
B, fluctuations in the same way as previously stated. Obvi-ods. It is possible to test, however, how the shape of the
ously, the intermittent fluctuations of the IMBrand B, fields rate function changes if available data is considered. One
exhibit very similar changes in their flatnesses and singularMinute meanH -component geomagnetic data from the THL
ity spectra as the geoeffectivity level changes. For examplepbservatory is available from 1975 to 1996. We computed the
there is a clear difference between the introduced scaling angf («) spectra for each year at the scale- 50 min and anal-
singularity characteristics (Fig. 5) for the disturbed period ysed how their shapes change at jhe) values 03 — 0.9.
of 19 March — 25 April 2001 and for the undisturbed pe- At each level off («) the corresponding values af,in, and
riod of 10 January — 29 January 1998 (Fig. 6). It indicatesamax Were computed (filled circles in Fig. 10a). In Fig. 10b,
that, in addition to known “geoeffective” SW parameters the time evolution of the differenc@max — amin at a given
(e.g. southward component of IMF) or their combinations, f(«) level is depicted. The average standard deviation at
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YEARS: 1984 (x); 1991 (0)

Fig. 12. Singularity spectra fora)
NARSSARSSUAQ data;(b) THULE
data;(c) AE-index. Maximum of geo-
magnetic activity in 1991 (0); minimum
of geomagnetic activity in 1984.

f(a) = 0.3 is about 0.06, while af («) = 0.9is 0.02. At  for maximum (1991, symbal) and minimum (1984, symbol
f(@) = 0.3 — 0.6, theamax — amin curves strongly fluc-  x) years of geomagnetic activity. One can see that the char-
tuate, indicating significant changes in the shapef af) acteristic asymmetric shape afE-index spectra (Fig. 12c)
spectra from 1975 to 1996. Figure 11 shows the similar rein comparison with Fig. 4c is present henceforward, presum-
sults of Kamide et al. (1998), however, obtained by a differ- ably caused by the influence of SW fluctuations. Noticeably,
ent method. Kamide et al. (1998) analysed the occurence athe maxima and the right wings of the more geoeffective SW
geomagnetic storms in comparison with the yearly averagedMF singularity distributions (Figs. 8 and 9) match well the
Wolf sunspot number. Figure 11 shows the yearly averagedegion ofa € (1.2, 1.8) within which the MOM spectra for
number of hours wittDy, less than-100 nT (solid line with  the most part are not in a parabolic shape. The same effect
filled diamonds), and witlDy, less than-50nT (divided by s visible for the more singular wing of («) spectra atx €

5, dashed line). Thick line corresponds to the yearly aver{0.4, 0.8). The asymmetry is even enhanced in 1991 (max-
aged sunspot number. It is visible that the maxima of ge-imum of geomagnetic activity). The differences between
omagnetic activity and the maxima of the solar cycle do notmore active (1991) and less active (1984) years are present
coincide. During the declining phase of the solar cycle, coro-in SOM spectra mainly at the wings gf(«) rate function

nal holes emerge from polar regions of the Sun that are conas well (Figs. 12a and b). The most probable singularities
tinuous sources of fast-speed plasma, which cause a peak arounda do not exhibit any changes.

recurrent geomagnetic storm activity (Kamide et al., 1998;

Kamide, 2001). The similarity between the variability of . i

rate function shapes fof (@) = 0.3+ 0.6 (Fig. 10b) and the ° Discussion

yearly averaged number of hours with prescriliggdindices
(Fig. 11) is remarkable. This correspondence also support
our working assumption that the shape of (&) rate func-
tion estimated using Egs. (3) and (4)&hel, 1996; \éhel
and Vojak, 1998) contains relevant physical information. We
mention that the availabld E-index and NAQ observatory
data lead to the same results. On the other hand, however,
f(a) = 0.7 — 0.9, the variations oftnax — amin Versus time
are negligible (Fig. 10b).

We presented an analysis of scaling and singularity charac-
Teristics of ground based and satellite magnetic fluctuations
in this paper. These techniques are commonly used in stud-
ies of turbulent flows. As we outlined in the Introduction,
the supposed proximity between F/SOC and MHD turbu-
!ﬁnce models may allow one to estimate measures of scal-
Ing, intermittence, etc., directly from time series, for further
comparison aimed at helping the development of tractable
numerical models of highly variable SW-magnetosphere in-
On the basis of Figs. 10b and 11, years with extreme levelderaction (Georgoulis, personal communication, 2001). We
of geomagnetic response can be chosen and their correspontiink the results are not contradictory in this sense, but rather
ing singularity spectra can be recalculated. Figures 12a—elucidate important aspects of magnetic field fluctuations that
show the SOM and MOM spectra estimateccat 50min  should be incorporated into more realistic F/SOC models



160 Z.\oros et al.: Scaling and singularity characteristics

of SW driven magnetospheric activity. Scaling and singu-topause reconnection processes is anticipated (Galeev et al.,
larity characteristics of high-quality geomagnetic data from 1986; Drake et al., 1994; Kuznetsova and Roth, 1995). We
THULE and NARSSARSSUAQ observatories (Single Ob- recall the work of Galeev et al. (1986) in which patchy re-
servatory Measures) and of theE-index (Multi Observa-  connection was considered to be an irregular multiscale pro-
tory Measure) were compared estimating PDFs, flathessesess associated with the magnetic field diffusion and self-
and singularity rate functions. The same methods were apeonsistently generated magnetic turbulence. Our results in-
plied for ACE and WIND data. The specific periods chosendicate that a number of singularity parameter$lteér ex-

for the analysis of SW fluctuations reflect the limited avail- ponents) should be taken into account to properly describe
ability of high resolution satellite data for relatively longer the basic characteristics of the upstream SW turbulence. In
periods of time. In spite of this, subgroups of disturbed andthis paper, we examined the global distribution of IMF sin-
undisturbed periods were selected, having primarily in mindgularities and found clear differences between geoeffectively
the occurence of an enhanced geomagnetic response repmisturbed and undisturbed periods. Obviously, to understand
sented by a 1-h meaR,,-index. The comparison of generic better the role of turbulence in patchy magnetopause recon-
features of fluctuations in SW and high-latitude SOM and nection processes, a proper time and space localization of
MOM data is then possible, since geomagnetic activity atIMF singularities will be needed.

high-latitudes is always very high during magnetic storms, As far as the magnetospheric response is considered, pre-
though the storm/substorm relationship itself is more com-yious results (Wros and Kowacs, 2001) have suggested that
plicated (Daglis et al., 2001). global singularity spectra estimations of SOM and MOM
It was shown that the intermittence @f£-index fluctu-  data sets on different scales may allow one to separate fluc-
ations is reduced at small scales due to the method of it$uations of SW or magnetospheric origin_ Our results show
derivation. We argue this also provides a possible explanathat the influence of the SW is perceptible mainly at the
tion for the negligible changes in theE-index singularity  wings of the rate function, i.e. at smaller values fof).
distribution withz. Other kinds of MOM data might be influ- The most probable singularities’ («) = 0.8 — 1) are less
enced in the same way. Nevertheless, the contribution of SWnfluenced by the SW driver. Rate functions estimated for
fluctuations makes tha E-index rate function asymmetric, years 1975-1996 exhibit similar variations as geomagnetic
mainly within the range of € (1.2, 1.8). The same asym-  activity studied by Kamide et al. (1998). SW forcing effects
metry caused by the SW is also present in THL and NAQ ratewere found when SOM and MOM singularity spectra for two
functions, however, mainly for > 300 min (see also%0s,  years (1984 and 1991) of different geomagnetic activity lev-

2000). _ _ els were compared.
In the case of SW fluctuations it was demonstrated that \ye pelieve that further development in this direction wil

the departure from Gaussian to non-Gaussian is stronger abg it in a better understanding of SW-magnetosphere in-
small scales and it clearly depends on the correlation (geoefferaction, allowing for more efficient prediction of space
fectiveness) between IMF fluctuations and the occurence O\f/veather

geomagnetic storms (decreaded-index). It seems to indi-

cate that the intermittence strength of IMF magnitude Bnd
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