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Abstract. The target of this work is to investigate the nature duced by different sources, external as well as internal to the
of magnetic perturbations produced by ionospheric and magEarth, it is extremely difficult to sort out the single contribu-
netospheric currents as recorded at high-latitude geomagions. Here, we are interested mainly in those electric current
netic stations. In particular, we investigate the effects of thesesystems, existing in the polar regions, that generate the daily
currents on geomagnetic data recorded in Antarctica. To thiyvariation.

purpose we apply a mathematical method, known as Natu- Indeed, the study of the daily variation abové éfagnetic

ral Orthogonal Composition, to analyze the magnetic fieldlatitude is of great importance in understanding the polar cap
disturbances along the three geomagnetic field componentsurrent systems and the role that these current systems play
(X, Y and Z) recorded at Mario Zucchelli Station (IAGA in the magnetosphere-ionosphere electrodynamic coupling at
code TNB; geographic coordinates: 745, 164.2 E) from  high latitudes being these current systems mainly driven by
1995 to 1998. Using this type of analysis, we characterizeparticle precipitation and field-aligned currents and depend-
the dominant modes of the geomagnetic field daily variabil-ing their configuration on solar wind parameters, magnetic
ity through a set of empirical orthogonal functions (EOFs). activity and ionospheric electrical conductivity.

While such mathematically independent EOFs do not neces- |n the past, Hasegawa (1939) was the first to find a signifi-
sarily represent physically independent modes of variability,cant difference between tif variations in the polar region

we find that some of them are actually related to well known gand those which were expected to arise from the upper atmo-
current patterns located at high latitudes. sphere dynamo process. Later, analyzing geomagnetic data

Keywords. Geomagnetism and paleomagnetism (Time vari-in both Arctic and Antarctic regions, Nagata and Kokubun
ations, diurnal to secular) — Magnetospheric physics (po|a,(1962) found that the geomagnetic daily variation field in

cap phenomena; Solar wind-magnetosphere interactions) the polar cap on geomagnetically quiet days consisted not
only of the well establlshedg field, which is a smooth ex-

trapolation to the polar region ¢, defined at mid and low
latitudes, but also of an additional field, t§§ field. In de-

tail, they showed that the associatégi equivalent current
consisted of two parts. One was the dynamo induced cur-

Continuous recordings of the elements of the Earth’s mag ¢ th | mately f q t0 dusk. Th
netic field at ground-based observatories show that these g[SNt across the pole, approximately irom dawn to dusk. -The
other consisted of two current cells, a counterclockwise cell

ements rarely remain constant for more than an hour or twq the aft . ‘ 4 a clockwi I in th
and if it happens it is generally during the night. In fact, mag- In the afternoon-evening sector and a clockwise cell in the

netograms are usually characterized by random ﬂuctuation%orenootn;jr_n%m'ntg sgctcl)r. bSmce thsn mﬁf vgnatt_mtn h?ls t
superimposed on a regular trend that is a function of local een studied extensively by a number of scientists who at-
time, i.e. the solar quiet daily variaticfy tempted to find a three-dimensional current system for the

P
Unfortunately, since the daily record of geomagnetic vari- Sq variation.

ations results from the overlapping of magnetic fields pro- AtPresent, itis known that the} field is mainly generated
by a current system limited to latitudes above @dd con-

S sists of two current vortices confined to the polar cap, with
Correspondence tP. De Michelis their foci located near the dawn and dusk meridians. How-
BY (demichelis@ingv.it) ever, the extension and the intensity of this current system
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depend on the season. Indeed, in summer the evening cell B8 Data set and method of analysis
much wider and stronger (up to three times) than the morning

one, while in winter the two cells are more similar. It is be- 14 study the geomagnetic field daily variation in the Antarc-
lieved that thes; current system, contrary to tt& system, ¢ region we used the hourly mean values of the three mag-
is not driven by a ionospheric dynamo due to solar photoion-netic field elements which completely describe the magnetic
ization and tides but rather by external sources (essentiallfia|q vector recorded at Terra Nova Bay in Antarctica from
located in the magnetosphere). The pattern of this currenfggs 1o 1998 (Villante et al., 1997). The geographic and cor-
system is partially modified by the processes that happen iRected geomagnetic coordinates of Mario Zucchelli geomag-
the magnetosphere and by its interaction with the interplany,etic observatory at Terra Nova Bay (IAGA code TNB) are
etary magnetic field (IMF). Indeed, the currents flowing in 74 » S, 164.2E and 77.27S, 278.6 E (IGRF95), respec-
and near the polar cusp and in the dayside polar cap are Coyely, while the geographic local time (LT) and corrected
pled, through the field-aligned currents, with the mag“eto'magnetic local time (MLT) respect to universal time (UT)
spheric currents. It is for this reason that $jecurrent sys- e [ T=UT+11 and MLT=UT-8 according to NASA service

tem is strongly enhanced and modified during geomagneti%ttp://omniweb.gsfc.nasa.gov/vitmo/cgvitmo.html.
disturbances and auroral substorms when the effects of non-

vanishing transverse IMF components are superimposed tﬂe'gri]é?egzo(;?iae%?ee(ﬁ: ?ﬁsr\rlggrrght;héese_fgglzu Xagr]:t;tnag-
the quiet time configuration of the current system. However, Y o

. stalled. Consequently at TNB observatory, the magnetic field
the fact that a twin vortex system appears to be present abovi% measured in a coordinate svstem wherefiheomponent
70 of latitude for all orientations of the IMF, indicates that y P

. (ﬁoint towards magnetic north, tié component to magnetic
some elements of the current pattern may be independent st and the component is orthogonal to both of them
the IMF (Friis-Christensen et al., 1985) and it is this portion ! P 9 '

of the current system that is the real quiet part of the polarpOIntIng downward. The orientation of this k_md of coordi- :
: . nate system therefore depends on the location the magnetic
equivalent current system. In the polar regions, however, th

S . " efield is being measured at.
quiet-time magnetosphere-ionosphere condition occurs only
when the energy transfer from the solar wind to the magne- N this study we have transformed the geomagnetic field
tosphere is at a minimum and even during such quiet condilorizontal componentsH and D) into X and Y compo-
tions, the geomagnetic field at high latitudes is continuouslynents, which are directed along the geographic meridian and
disturbed. Consequently, in these regions quiet days are quitearallel, respectively. As angular rotation between the geo-
rare events. graphic and magnetic meridian, we have considered the av-

Recently, Xu and Kamide (2004) and Chen et al. (2007)erage value of the declination angleat TNB observatory,
have applied a technique, the Natural Orthogonal Compowhich is equal to 138 This transformation is necessary be-
nent (NOC) analysis, to separate and recognize the differing the reconstruction of the equivalent current systems in the
ent contributions of the ionospheric-magnetospheric currenPolar region generally obtained from thg Y and Z mag-
systems to the daily changes of the geomagnetic field agetic field values. Indeed, it is known that there is a consid-
recorded at mid-latitude ground-based geomagnetic observarable deviation between the direction of tHecomponent
tories. Using this method of analysis, the authors have beefmagnetic north) and th& component (geographic north)
able to separate the solar quiet daily variation alongkhe especially in the higher-latitudes observatories. At high lati-
component from other complicated disturbances. We havdudes the magnetic perturbation in the geographic northward
extended these works at high latitudes analyzing the hourlfomponent depends almost equally on the magnetic pertur-
values of the three magnetic field componets ¥ and Z) bation alongH and D and even the sign of the magnetic
recorded at the Italian geomagnetic observatory TNB locatedP€rturbation alongk can be opposite to the sign of the per-
in Antarctica during a period of 4 years (1995-1998). In- turbation alongH. For this reason, to compare our results
deed, the diurnal variation of the geomagnetic field elementgVith those obtained using different methods of analysis, it is
is still not completely understood at high latitudes where thelmportant to use the same reference system.
configuration of the electric current systems responsible of TNB geomagnetic observatory is generally located inside
the daily geomagnetic field variation is complex. Using the the polar cap quite close to the auroral oval but, under par-
NOC analysis, the time evolution of the geomagnetic fieldticular geomagnetic conditions and for a particular range
has been studied and it has been found that the first and seof MLTSs, it may be placed under the southern polar cups
ond order natural components dominate over higher orde(Pietrolungo et al., 2008) and thus the geomagnetic variations
components also exhibiting features quite similar to those ofin this condition may be heavily influenced by local cusp
S,f current systems. However, the aim of our study has beemphenomena, mainly related to field aligned currents (Mat-
not only to identify the different current systems that con- sushita and Xu, 1982; Campbell, 1997). The structure of the
tribute to the daily variation of the Earth’s magnetic field but geomagnetic daily variation is consequently quite complexin
also to study their temporal evolution and find possible corre-this part of the world and the use of the Natural Orthogonal
lations with appropriate parameters related to these current€Component analysis (Jackson et al., 1991; Golovkov et al.,
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1992; Xu and Kamide, 2004) can be a tool extremely useful 1010
to reveal simple patterns within it.

The Natural Orthogonal Component (NOC) analysis is, in-
deed, a powerful and elegant method of data analysis aimed
at obtaining low-dimensional approximate descriptions of 10
high-dimensional processes. In particular, this method of
analysis offers a way to extract those structures that remain
coherent throughout a time series. In practice, given a set
of observations it is possible to estimate a set of indepen-
dent eigenvectors and eigenvalues whose combination allows
writing the observed variables in terms of a new basis that
is just a rotated version of the original observations. This 7 o XX
type of analysis has been developed by several authors and 10
widely used in literature, for instance for the study of daily
magnetic variation (Golovkov et al., 1978; Xu and Kamide, oo
2004; Chen et al. 2007), for the study of global models of the 106
geomagnetic field (Xu, 2002, 2003), for the automatic com-
putation ofK indices (Golovkov et al., 1989; Papitashvili et
al., 1992), and even for the separation of the substorm cur-
rent system into directly driven and loading-unloading com- 10
ponents (Sun et al., 1998, 2000). S 10 15 20

Before describing the application of the NOC method to Order K
our data set, a brief introduction follows. Let us suppose to
have a variable (d;, ;) representing the value of a magnetic Fig. 1. The NOC eigenvalue spectig of X, ¥ and Z magnetic
field element X, Y, Z) for a certain day;, and timez;. field components recorded at Mario Zucchelli Station (TNB) in
Given a number of samples ofd;, ;) at different days and Antarctica. They; spectra ot andZ components have been scaled
times, the application of the NOC method allows extracting bY @ factor of 10 and ) respectively, for convenience.
a smaller set of variables, let’'s say of Empirical Orthogonal
Functions (EOFs) and Principal Components (PCs), able to . . S .
describe the whole set of observations. Among the differ—data by means of the expansion (1) is to be minimized. This

ent techniques used for data representation the NOC method " depends on the truncation levé! the higher the trun-

has the peculiarity that the set of functions used for the ex.cation level, the lower the error.

pansion of the time series is estimated using only the ob-oI Sln_cbe we ar? |0?klr;]g fok; a nurgber_oLtlzompone(zjr:jt_s_ablel to
served dataset. This is the main difference with other meth 8€ScrPe completely the observed variable, one additional as-

ods, as for instance the spherical harmonic and Fourier analy2UMPtion is that the EOFgf) are orthogonal and the PCs

k ; i .
ses, where the fundamental orthogonal basis set is artificiall>§f_‘ ) vary mdt_apendently. This leads to solvg the well '.‘”OW.”
chosen a priori. eigenvalue-eigenvector problem that permits an estimation

Therefore, we can decompose the daily variation of anyOf the eigenvalues; (A = 1/wy ) ftogethir with the corre-
geomagnetic component in terms of a basis of Empirical Or_spondmg e|genvec_tor;s" and ampll_tudesa fork=1,....K
thogonal Functions (EOF s (1,): (see for more details Xu andl Kamide, 2004).
J
In what follows we try to find a correspondence between

K the main EOFs and the real current patterns flowing in the
x(d;,tj) = Zka"(d,-)cﬁk(tj) (1) ionosphere and magnetosphere in the polar region. However,

k=1 it is important to underline that the EOFs and PCs found in
this way do not necessarily correspond to real current sys-
tems. In fact, while the EOFs are orthogonal by definition,
the currents are generally not.

We stress also that NOC technique is strictly valid for sig-
nals resulting from the linear superposition of independent
modes. Therefore, cases of signals deriving from non linear
processes could lead to results difficult to interpret.
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where the collection of values(d;,t;) are the elements;;
of the matrixX (m x n) whose rows correspond to the days
(i=1, 2, ....,m) and columns correspond to the timg=(,
2, ....,n), K is the number of components chosen for the
decomposition (i.e. the truncation Ieved)Yi(tj) is the mode
(EOF) of thek-th component describing the daily variation
(i.e. is the basis used for the expansiaot(d;) is the Prin-
cipal Component (PC) and represents the amplitude tbf
mode, anduy is the associated weigh.

To evaluate the EOFs and the associated PCs from a
dataset the error made in the representation of the observed

www.ann-geophys.net/27/2483/2009/ Ann. Geophys., 27, 28332009



2486 P. De Michelis et al.: On the terms of geomagnetic daily variation in Antarctica

1000

0.4
02— e ®e e, — 800
= g0l * ‘., 2 600
- 02l .. g _<>< 400
: Segs’ 200
0 6 12 18 24 1995 1996 1997 1998 1999
MLT [hour] Time [year]
1000
0.4
ozl Lee 800
. .
ot . = 600
R . - 400 I
‘ 200 il
0 6 12 18 24 1995 1996 1997 1998 1999
MLT [hour] Time [year]

Fig. 2. On the left, the first EOF associated to tki€top) andY (bottom) components, respectively; on the right, their associated PCs.

3 Results and discussion agreement with the structure of tl§& current system, which
is formed by two vortices where the currents flow in opposite

As already mentioned in the previous section, we used th&lirections. Indeed, what we are able to reconstruct from our
hourly average values of the variations of tke Y and Z dataset is only the outer portion of this current system. The

magnetic field components recorded at TNB geomagneti®Cs @ andAy) associated to these EOFs are plotted in the

observatory from 1 January 1995 to 30 November 1998. Orfight panels of the same figure. These components display
the long term side these data are characterized by annual &Seasonal trend characterized by a maximum in the austral
well as secular changes. For this reason, before applying theummer and a minimum in the austral winter. This seasonal
NOC analysis, we have removed the daily mean from eachirend is in agreement with the characteristic of #jefield

day eliminating, in this way, the trend caused by the seculaintensity to show a strong seasonal variation. Indeed, while
changes and other possible long term drift. the total current associated to tfe system amounts to about

15x10* A in the sunlit polar cap (summer), it is reduced to

applying the NOC analysis to the three magnetic field ele_Iess thqn one third of its value when the polar cap becomes
: : dark (winter) (Xu, 1989).
ments. A rapid drop characterizes all spectra, and the energy
is mainly concentrated in the lowest orders. As a matter of It should be pointed out that, in addition to its seasonal
fact, the first two eigenvalues (and consequently the two asvariation, S; depends on magnetic activity and IMF sector
sociated PCs) explain up to 77%, 76% and 75% of the totapolarity. Indeed, it has been shown that when magnetic activ-
variance ofY, ¥ andZ magnetic field elements, respectively. ity increases, thé/ current pattern is distorted while the po-
This implies that the first few EOFs play a role much more sition of the vortices is shifted toward either the morning side
relevant than the others and, consequently, the daily variatio®r evening side according to sector polarities of IMF (Friis-
of the geomagnetic field at high latitudes can be well recon-Christensen, 1984). We have analysed the existence of this
structed by considering only these few NOC terms. possible relationship studying the correlation between the

In Figs. 2, 3 and 4, we have grouped the EOFs and pcECs (4}( andA%) and some significan; parameters: the solar
according to the different current systems we think they mayWind dynamic pressurégyn (Payn= pv*, wherep is the so-
represent. Since we believe that the firktY) EOF as- lar wind mass density andis its flow speed), the north-south
sociated toX andY elements ¢1 and¢l) may represent Ccomponentg:), the southward£s) and the eastwards)
the Sé’current system, we have grouped them and the corcomponents of the interplanetary magne.tlc field (IMF) in the
responding PC¢(§_{ and d)%) in Fig. 2. Indeed, if we take GSM system,the sp-called energy coupling functiqhAka-
into account the different directions assumed by the twofSOfu' 1978), which is a measure O_f the energy ﬂux thgt f_IOWS
EOFs simultaneously in the different magnetic local time INtC the magnetosphere, and tig index, which is an indi-
sectors (00:00-06:00; 06:00—12:00;: 12:00—18:00 and 18:0p.cation of the level of geomagnetic perturbation on planetary
24:00) we can easily reconstruct the pattern of the currenfCale (data come from OMNI2 database).
system underneath which TNB geomagnetic observatory ro- To find, where possible, these correlations we have evalu-
tates. The pattern so inferred consists of two currents flowingated the Pearson(g| coefficient. As well known, this coef-
in opposite directions from 24:00 to 12:00 MLT, one crossing ficient |r| provides a simple measure of the linear correlation
18:00 MLT and the other 06:00 MLT. This result is well in ranging from 0 and 1. A value of 1 is the result of a perfect

Figure 1 shows the spectra of the eigenvalugsbtained

Ann. Geophys., 27, 248249Q 2009 www.ann-geophys.net/27/2483/2009/
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Fig. 3. On the left, the second EOF associated toXh@op) andY (bottom) components, respectively. On the right, the PCs associated to
each EOF.

linear relationship between the analyzed variables, while a, o 1 The Pearson’sr| linear coefficient. The “_* refers to

value of 0 is the result of no linear relationship. In prac- 4jyes less than the fixed threshold vallug=0.081.
tice, the value of this parameter is some intermediate number

whose significance depends on the number of samples. Al 42 AL 42 4l 42
In order to establish a significance level for the correla- X X ! ! z z
tion found, we have fixed a threshaled | for the Pearson’s Kp 067 013 063 - 041 0.22
coefficient. This threshold has been evaluated according to ngn 8'2513 0.11 8'§§ h 8'3};' 0.14
the significance level of 1% for samples characterized by a . ' . ' . ' -
. By 053 0.10 046 0.13 045 -
degree of freedom equal to 1000. The chosen threshold is B. — 015 012 025 — 012
|74|=0.081 (Fisher, 1972). It means that in our case values ; 057 - 053 010 044 —

smaller than 0.081 can be read as absence of correlation.

In Table 1 we have reported the correlation coefficients
between the PCs and the selected parameters. It is necessary
to notice that the correlation between a PC and one parammatic stations, Papitashvili et al. (1990) have recognized the
eter will be found only if this parameter produces a changeexistence of three different types of ionospheric convection
in the intensity of the current system described by the EOFpatterns: a) a two-vortex system controlled by the “quasi-
associated to the PC. Indeed, the PC describes the temporgiscous” interaction and southward IMF; b) a zonal current
evolution of a specific spatial mode, i.e. EOF, and it cannotsystem, controlled by azimuthal IMF; and c) a two-vortex
consequently describe any distortion of the current systensystem controlled by the northward IMF.
due to different magnetospheric configuration. According to this analysis our first mode, associated to the

According to the results reported in Table 1, the first PC X andY componentsct(}l( and¢§), seems to identify the first
associated to th& component.(&}() is very well correlated  type of the equivalent current system found by Papitashvili
with K, B;, By, €, and Pgyn. The same results have been et al. (1990).
obtained correlating the PC associated to Yheomponent The EOF&;)E( and¢§ are reported in Fig. 3. Taking into
(A}) with the same parameters (data reported in Table 1)account the different directions assumed by the two EOFs si-
These results support the hypothesis that the firstYEOFs  multaneously in the different magnetic local time sectors we
associated t& andY componenISq(}( andgb}) may repre-  can reconstruct, also in this case, the pattern of the current
sent theS) current system. Indeed, the selected parameterssystem flowing above TNB geomagnetic observatory. The
well characterizing the impact of the solar wind on the mag-pattern so inferred consists of a current approximately from
netosphere, can affect tis¢ current pattern. dawn to dusk. The PCSAG( and A%) associated to these

It is worth noticing that this result is in agreement with EOFs are characterized by a seasonal trend with a minimum
the reconstruction of equivalent ionospheric currents abovdn the austral winter and a maximum in the austral summer
Antarctica proposed by Papitashvili et al. (1990). Using (Fig. 3). We believe that these EOFs may be considered rep-
hourly mean values of geomagnetic field horizontal compo-resentative of the dawn-to-dusk Pedersen current.
nentsX andY from 20 Antarctic observatories and auto-

www.ann-geophys.net/27/2483/2009/ Ann. Geophys., 27, 248332009
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Fig. 4. On the left, the first (top) and the second (bottom) EOF associated # ¢benponent. On the right, the PCs associated to each EOF.

What is interesting to notice is that the P(A‘% and A2, the toroidal current flowing in the ionosphere sheet layer will
associated to the EOF@ and 4;;, are weakly correlated produce poloidal magnetic perturbations while the poloidal
with some interplanetary quantities (see Table 1) and in parone, consisting of field-aligned currents and their closing ir-
ticular these PCs are correlated to the daily average direceotational currents in the ionospheric current sheet, will pro-
tion of the B, component of the IMF. The current system, duce toroidal magnetic perturbations above the ionosphere
which is described by the second EOFs associated to thend no perturbations below (Richmond, 2002). This means
X and Y components of the geomagnetic field, seems tothat the ground-based magnetometers should respond almost
be consequently influenced by the Svalgaard-Mansurov efexclusively to poloidal magnetic fields due to the solenoidal
fect (Svalgaard, 1968; Mansurov, 1969). According to thiscurrent circuit while they shouldn’t measure those toroidal
effect, indeed, the ground-based geomagnetic observatiorfields due to the poloidal current circuit.
and in particular the daily variation of the geomagnetic field At high latitudes as poloidal current circuits we have
at high (cusp and polar cap) latitudes are influenced by thenainly the Hall and Pedersen currents. The Pedersen cur-
heliospheric magnetic field sector polarity being the sign ofrent is perpendicular to thé axis and parallel to the electric
the B, responsible for the direction of the east-west flowing field created by the field-aligned currents, while the Hall cur-
ionospheric current. This correlation is not so obvious for arent is perpendicular to both th€ axis and the electric field
current system that should represent the Pedersen current@ascione, 1988).

It is known indeed that the pattern of the Pedersen currents However, ana|ysing the effect of these current systems on
does not change its direction and it cannot be consequentlyhe z component of the geomagnetic field it is important to
influenced by theB, component of the IMF. However, we say that according to the Fukushima theorem (Fukushima,
know that in the polar cap exists a zonal current around thej976), under the assumption of field-aligned currents (FAC)
geomagnetic pole (see for example Papitashvili et al., 1990)parallel to theZ axis and a ionosphere with uniform conduc-
which flows anticlockwise foB, > 0 and in the opposite di- tivity parallel to the ground, the field-aligned and Pedersen
rection for B, < 0. We can suppose that the EQF% and  currents combined will produce no ground magnetic signa-
¢2, in addition to the Pedersen currents, contain this zonature. However, if the inclination of the ambient field deviates
current system, which the NOC analysis is not able to recogslightly from vertical (e.g. inclinatior=80° at auroral lati-

nize and separate. tudes) some magnetic effects from the FAC-Pedersen current

Figure 4 shows the trends of the firgt) and second circuit will leak to the ground and we will find a small field-
(¢§) EOFs associated to ttie component in magnetic local aligned contribution from this circuit.
time (MLT). The daily trend of theb% is characterized by a We believe that the first natural component associated to
maximum in the morning sector and a minimum in the after-the Z component Q%), as well as those associated to the
noon one while th@% function displays a single maximum other two magnetic field componerntsandY, may describe
at around noon. the effect on the ground produced by two vortices with their

The recognition of the current systems associated to thestoci located near dawn and dusk meridians, which is well
EOFs is not simple. From a theoretical point of view, if we known to be associated with global plasma convection in
divide the current systems responsible of the geomagnetithe magnetosphere. This current system is characterized by
variations into toroidal and poloidal systems, we have thatan intensity that is stronger in summer than in winter, as

Ann. Geophys., 27, 248249Q 2009 www.ann-geophys.net/27/2483/2009/
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described by the temporal trend of the P@Q associated rents are the main source of the daily variation also at high
to this EOF é&}), and it is correlated to thecoupling func-  latitudes, at least during a period of solar minimum.

tion, the southwardK;), the north-south&,) component of On the contrary, according to our analysis the dominant
the interplanetary magnetic field, the dynamic presstgg contribution is given by the Hall and Pedersen currents and
and thek , index (see Table 1). being this result obtained for a period around a minimum of

The second natural compone#i, which is characterized ;o]ar activity (the_lowest numbe.r (_)f sunspot cycle 22 was qf-
by positive values in the time interval 06:QMLT <16:00, ficially recorded in May 1996) it is reasonable to extend it
could be the effect on the ground of the Pedersen currentgISO to the years characterized by a mid and high solar activ-
Indeed, what is important to notice is that the eigenvalue as!ty-
sociated to the second natural component is, in first approxi- 1he difference between our results and those proposed by
mation, one order less than that associated to the first naturdfietrolungo et al. (2008) is due to the different approach used
component. So, as expected, the perturbation on the grouni@ the data analysis. The superposed epoch analysis, which

component is small. the average diurnal variation alodgandY components of

the geomagnetic field, does not allow recognizing the differ-
ent contributions of the ionospheric-magnetospheric current
systems to the daily changes of the geomagnetic field. This
method, indeed, gives only an average trend of daily vari-
ation where the different contributions are contained all to-
Ground magnetic perturbations have been widely used tyether. The results reported in their analysis correspond to
study magnetospheric and ionospheric dynamics, since thgyr first mode, which representing the dominant mode as-
magnetic data obtained at the Earth’s surface include valugociated to the highest energetic eigenvalue, well describe
able information about a variety of current sources flowing the average patterns. Indeed, taking into account the rela-
in the ionosphere, magnetosphere, at the magnetopause, agjgnship between LT and MLT at TNB geomagnetic observa-
within the Earth’s interior. However, one of the major prob- tory (LT=MLT+19), the¢,1( is characterized by a minimum
lems it has always been to evaluate the relative importance,.q.,nd 14:00 LT while th@! function is characterized by

of these currents in generating particular patterns or mOdeﬁegative values in the rang):a 00:80T <14:00 with a mini-

of global or local magnetic perturbations under study. We ., m around LT=09:00 and by positive values in the range

have tried to overcome this problem using the NOC analy-14.00- LT <24:00 with a maximum around LT=18:30. Our
sis. Investigating the nature of the daily magnetic variations

i atterns are consequently equal to those reported by Pietrol-
recorded at an Antarctic ground observatory, we have founcﬁrlgo etal. (2008). These patterns of fhandY components
that for X, Y andZ magnetic field components the main con-

might resemble thnSg current system at high latitude in the

tribution to the polar daily variation comes from the Hall cur- g, thern Hemisphere. Nevertheless, the daily pattern of the
rents. This current system, which is a permanent feature 0&1 in LT is opposite to what is expected, i.e. it is character-

the polar region, Iar_gely de_p.ends upon solar wind parameter&zed by minimum around noon instead of a maximum. So,

and magnf:toslpherlc (iondltlong. Indeed, we have fourl1d thahe simultaneous analysis of the three magnetic field compo-
the PCs {3, A} andA?), associated to those EORS{ 7 nents in magnetic local time excludes the possibility that the
and¢y) describing the Hall current system, exhibit, as ex- gajly magnetic variation results from ti%) current system

pected, a correlation with the solar wind dynamic pressureand confirms the importance of the Hall currents in the polar

(Payn), the B; and B; interplanetary magnetic field compo- region.
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