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Abstract. A method is proposed to determine in near-real (DMI) to produce the unified PC index (Troshichev et al.,
time the interplanetary magnetic field (IMF) sector structure2006) and calls attention to the fact that the procedures ap-
(SS) effect on geomagnetic data from polar cap stations. Telied in AARI and DMI are not identical and the PC indices
separate the SS effect, whose polarity is invariant within anroutinely produced in DMI (PCN, northern) and AARI (PCS,
interval from some days to 2 weeks, from the disturbed solarsouthern) cannot be considered as unified indices. Indeed,
wind effects with periodicity from minutes to hours, the daily the procedures are not fully identical, although they provide
median values of geomagnetic H (or D) component are estithe geophysical community with very similar results. The
mated. Then the median values for 9 days preceding the cumain issue which is distinctly delineated in McCreadie and
rent day are subjected to 3-days running averages and the ifMenvielle (2010) is the question about the level of refer-
terpolation procedure is applied to these smoothed averagesnce when estimating the magnetic disturbances value since
Comparisons of the sector structure reconstructed from thether differences in the techniques are of secondary impor-
ground magnetic data with the actual variations of the GSMtance. The procedure applied in AARI takes into account the
IMF By component measured onboard the ACE spacecraft irguiet daily curve (QDC) which is estimated for each day (see
the summer months of 1990 and 2001 demonstrate their goodanzhura and Troshichev, 2008). A method of calculating a
agreement with coefficient of correlatigh= 0.96-0.97 for  running QDC makes it possible to determine a quiet daily
the H-component an& = 0.93-0.95 for the D-component. variation even for magnetically disturbed days during solar
The proposed simple method makes possible identification omaximum epochs and, correspondingly, to calculate the PC
the SS effect in the same near real-time regime as the derivandex in a quasi-real time regime. The procedure applied in
tion of the quiet daily curve and as level of reference for the DMI also uses a quiet daily variation as an hourly function of
polar cap magnetic disturbances in the calculation of the poUT as a level of reference, but this quiet variation is derived
lar cap magnetic activity PC index. as the mean of quiet variations for 5 previous years, or as a

Keywords. Interplanetary physics (Interplanetary magnetic mean of quiet variations for months preceding the examined
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lar Wind_magnetosphere interactions) One important detail in the prOCEdUre of the QDC deriva-
tion, which was not highlighted in Janzura and Troshichev
(2008) and thus was not mentioned in McCreadie and Mean-
vielle (2010), is a problem of allowance for sector structure
effects. The term “sector structure” (SS) denotes separation

A review of the methods applied for the derivation of the po- ©f the large-scale solar wind structure on an even number
lar cap magnetic activity PC index was recently published®f Sectors with opposite polarity of the interplanetary mag-

by McCreadie and Menvielle (2010). The review describesn€tiC field (IMF) radial B, component. The SS periodicity

calculation procedures used at the Arctic and Antarctic RelS détermined by the solar corona magnetic field extending

search Institute (AARI) and Danish Meteorological Institute INt0 the space and can remain unchanged during around so-
lar rotations of~27 days. However, the steady periodicity

of the sector polarity alteration is observed only in epochs

Correspondence taD. A. Troshichev of the quiet Sun. In the growth and maximum solar activity
BY (olegtro@aari.nw.ru) epochs, the sector structure duration shortens dramatically
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and becomes variable. The SS polarity in the GSM coor-(Matsushita et al., 1973). In the southern polar region the
dinate system is defined by the sign of the IMF rad®|)( asymmetry is reversed. Deformation of the current system
component. The SS is positive B > 0 (usually, in combi-  displays as modification of the daily magnetic variation ob-
nation with the negative tangential IMF compondijt< 0) served at the polar stations, which rotate together with the
and it is negative iBBy < 0 (andBy > 0). Earth under the current system fixed relative to the Sun.

The ground magnetic disturbances related to the IMF sec- The IMF By effect on the polar cap magnetic field con-
tor structure were separated at first by Svalgaard (1968) andists of two parts concerning their time-scale: the first one is
Mansurov (1969). Later it was demonstrated that the SSthe sector structure effect, which is considered as invariable
associated magnetic disturbances are determined by variavithin the limits of the certain sector (within a time interval
tions of the IMF azimuthal component (Friis-Christensen from a few days to 2 weeks), and the second one is the ef-
et al., 1972; Sumaruk and Feldstein, 1973; Mishin et al.,fect of the IMF short-time changes with periodicity from a
1973). The multi-functional analysis of relationships be- few minutes to some hours. The “short-term” IMF fluctu-
tween the polar cap magnetic disturbances and the IMF variaations typical of the disturbed solar wind conditions are ob-
tions, representing the combination of radiB)), azimuthal  served against the background of the “long-term” SS polarity
(By) and vertical 8;) components changes, has revealed thatchanges. Since the short-term fluctuations are usually more
the current systems are related to tBg and By compo-  powerful in magnitude than the sector structure effect, the
nents, whereas the radi&l, component is almost ineffec- SS influence is usually masked by the disturbed solar wind
tive (Troshichev and Tsyganenko, 1979). The current syseffect.
tem of magnetic disturbances DP2 related to the IMF south- To clearly demonstrate the relationship between these two
ward Bzs component consists of two vortices, roughly sym- effects, Fig. 1 shows the actual variation of 1-min values
metrical relative to the Sun-Earth line (DP2 current system)of the geomagnetic H-component observed at Thule station
(Nishida, 1968; Kuznetsov and Troshichev, 1977). The cur-(THL) in the summer season of 2001 (thin lines) and the
rent system of disturbances related to the IBjFcomponent  quiet daily curve (QDC) characterizing the daily variation of
includes currents flowing in the day-time cusp region alongthe quiet geomagnetic field (thick solid lines). One can see
geomagnetic latitude® ~ 78-80, the current direction de- that the QDC level (daily averaged value of QDC) displays
pendent on the IMBy, sign (Friis-Christensen and Wilhjelm, long-term changes, which are determined by the sector struc-
1975). It should be noted that disturbances related to the IMRure: the level rises under conditions of positive SS polarity
By component are typical of the summer polar cap; in theand goes down under conditions of negative polarity. The
winter season their intensity is usually negligible. SS effect at Thule station is comparable with the QDC am-

The DP2 current system and the corresponding electrigplitude. Both quantities are maximalk{00 nT) during the
fields in the polar ionosphere are generated by the magnetasummer solstice owing to the high conductivity of the sunlit
spheric field-aligned currents (FAC Region 1), flowing into summer ionosphere. The periodicity of the sector structure
the ionosphere on the poleward boundary of the auroral ovain the summer season of 2001 was extremely variable (from
in the morning sector and flowing out of the ionosphere in the8 days to 27 days) and, therefore, it could not be designated
evening sector (lijima and Potemra, 1976). The azimuthala priori.

IMF component controls the BY FAC system observed in  Thus, if we are going to analyze the polar cap magnetic ac-
the day-time cusp region during the summer season. The BYivity produced by the IMF fluctuations related to disturbed
FAC system consists of two current sheets (Wilhjelm et al.,solar wind, we have to exclude first the sector structure ef-
1978), one of which is located on the equatorward side offect. This is not a serious problem if the analysis is carried
the cusp, i.e. in the Region 1, whereas another sheet is losut postfactum, based on long series of the ground magnetic
cated on the poleward boundary of the cusp (Region 3), thebservations and the IMF data obtained from spacecraft.
direction of currents in the sheets being determined by theHowever, the task turns out to be nontrivial while monitor-
IMF By sign, as well as the direction of the ionospheric cur- ing the actual magnetic activity, when the quiet daily curve
rents flowing between the current sheets (Friis-ChristenseffQDC) should be derived in quasi-real time (see Janzhura and
and Wilhjelm, 1975). Dependence of field-aligned currentsTroshichev, 2008). In addition, as we see in Fig. 1, the actual
on the IMF By component in the southern polar region is op- periodicity can quickly alter (from 27 to 8 days), excluding
posite to that in the Northern Hemisphere. the possibility of predetermining the SS effect.

Thus, the IMF By component influence on the ground In this paper we examine the possibility of identifying the
magnetic field in the polar cap is realized through generatiorSS effect in quasi-real time on the basis of only ground-based
of the BY FAC system in the day-time cusp region which magnetic data. Although magnetic data from two polar cap
leads to deformation of the regular ionospheric DP2 currentstations Thule in the Northern Hemisphere and Vostok in the
systems. In the northern polar cap the morning current vorSouthern Hemisphere are used for calculation of the PCN
tex is enhanced and expands into the dusk sector under comnd PCS indices correspondingly, the analysis is carried out
ditions of IMF By > 0, and the evening vortex is enhanced only for Thule, where the SS effect is much larger than that
and expands into the dawn sector under conditiBps: 0 at Vostok. The reason of this peculiarity is, in the first place,
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Fig. 1. Superposition of the actual variation of 1-min values of the geomagnetic H-component observed at Thule station in the summer
season of 2001 (thin lines) and the quiet daily curve (QDC) characterizing the daily variation of the quiet geomagnetic field (thick solid
lines).

nearly no ground-induced currents in the ice dome undeing the window width less than 7 days reflects in substan-
the Vostok station; second, the disposition of Thule station,tial deflections in the averaged curve owing to the irregular
which is located at a higher geomagnetic latitude than Vos-short-term) disturbances in the solar wind. By increasing
tok. As a result, the SS effect at Vostok is negligible, asthe window more than 7 days, the shorter periods in SS are
distinct from Thule where the SS effect is significant and its essentially suppressed, although the regular 27-day periodic-
allowance is of crucial importance for the QDC derivation ity keeps its true value. The method of filtration based on the
and correct evaluation of the PCN value. The data for yearsegression analysis of the steadiest quantities within the win-
1998 and 2001 near solar maximum have been taken for thdow was applied. A robust version of a local regression using
analysis to test the method of allowing for the SS effect on theweighted linear least squares and the 1st-degree polynomial
example of the most complex solar wind structures. IMF datamodel was taken to bring down the weight of outliers in the
were provided by measurements of solar wind parameters oregression: zero weight is given to data outside six mean ab-
board the ACE satellitehftp://omniweb.gsfc.nasa.gpv solute deviations. As an example, Fig. 2 shows the SS effect,

displayed by this method (yellow line) in the data set of the

IMF By measurements (blue line) on board ACE spacecraft
2 Adequacy of the IMF sector structures derived from  for 1998 and 2001.

the ground-based and spacecraft observations
The IMF sector structure, determined by the IM§-com-

How is the IMF sector structure derived from the ground- ponent, leads to regular distortions of the DP2 current system
based magnetic observations? The interrupted long series afhere the morning or evening current circle is expanded and
the experimental data were taken and the same method @nhanced. As a result of the DP2 current system modifica-
filtration of data with a 7-days averaging window and non- tion, the daily variation of the polar cap magnetic activity
linear smoothing was used to separate the sector structure ichanges, so that the daily level of activity at a certain station
the ground-based magnetic observations and spacecraft IMEither increases or decreases, being dependent on the sign of
measurements. The 7-day window was chosen to make athe sector structure. As soon as the SS sign changes (with pe-
lowance for the shortest period of the SS alteration. Reducriod depending on the solar activity epoch), the mean value
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Fig. 2. The SS effect, displayed by the method of filtration with the 7-day averaging window and nonlinear smoothing (yellow line) and the
original data series of the IMBy measurements on board ACE spacecraft (blue line) for 1998 and 2001.
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Fig. 3. The SS effect, displayed by the method of filtration with the 7-day averaging window and nonlinear smoothing (yellow line) and the
original data series of the ground magndii@and H variations observed at station Thule (blue lines) for 1998 and 2001.

of the magnetic field periodically increases or decreases wittand ground magnetic variations, the coefficient of regression
the same period. Figure 3 shows the SS effect, displayed bpetween these two quantities for the summer period was cal-
the above described method (yellow line) in the data set ofculated and was close to 10. Then mean values for both quan-
the ground magneti® and H variations observed at Thule tities in summer were determined and amplitudes of both
station (Greenland). guantities were normalized by these mean values, whereupon
the mean quantities were reduced to zero. Figure 4 shows

To clearly demonstrate consistency between SS structurege results of the comparison for 1998 and 2001, the values
displayed in the IMFBy variations measured by spacecraft
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Fig. 4. Results of comparison between SS structures displayed in theBlMfariations (blue) measured by spacecraft and ground magnetic
variations observed in H (red line) and D (green line) components at Thule for 1998 and 2001, where the mean values of all quantities were
reduced to zero and the amplitudes were normalized.

of ground magnetic components H (red) and D (green) beingmidnight (00:00-08:00 UT) and the magnetic field decrease
divided by 10 for convenience of comparison. One can searound midday (12:00-20:00 UT), the magnitude of the daily
that the SS effects derived by spacecraft measurements araghanges being about 120 nT. Influence of the IBjFcom-
ground-based magnetic observations are consistent duringonent is evident around local noon, when the H-component
the summer season, when the magnetic disturbances genesalue strongly increases under conditions of positive SS
ated by the IMFBy component at Thule station are the most structure By > 3nT) and strongly decreases under condi-
significant. The yearly drift of the magnetic D-component at tions of negative SS structur®yf < —3 nT), the magnitude
Thule is due to the secular variation in the main geomagnetiof the SS effect being more than 150 nT. The SS effect in the
field, which is very pronounced at this near-pole station. night-time sector is negligible or irregular. These changes in
the ground magnetic field are due to electric currents gener-
ated by the IMFBy component in the day-time cusp region,
the current direction being defined by signBf. Thus, it

will suffice to estimate the daily magnetic field deviation rel-
ative to the mean daily variation for conditions 8§ ~ 0

Let us examine the averaged daily magnetic variations ob-(blue_ Im_e) to |_dent|fy the SS effect _provujmg that the so-
served under conditions of positive and negative sector strucl-ar wm_d is undisturbed. The appr_oprlate d|fference bet_vveen
ture. Figure 5 presents, as an example, the mean daily varf—he daily a\./eraged.and d§|ly median values will determine at
ation in H magnetic component at station Thule derived forONnce the sign and intensity of the SS effect.

the summer months (May—August) of 1998 and 2001 under If the solar wind is disturbed, the SS effect is superposed
three gradations of the IMF azimuthal componBpt-3nT  with the effect of the solar wind fluctuations, where the lat-
(red line), By < —3nT (green line) and-2 < By <2nT ter might be larger than the SS effects. As a result, the daily
(blue line). As Fig. 5 shows, the mean daily variation at averaged value of the magnetic field can display the distur-
Thule is displayed by the magnetic field increase aroundobance level rather than the SS effect. Taking into account the

3 ldentification of the SS effect by the ground magnetic
data in quasi-real time

www.ann-geophys.net/29/1491/2011/ Ann. Geophys., 29, 14513-2011
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Fig. 5. The mean daily variation in H magnetic component at station Thule derived for three gradations of the IMF azimuthal component
By >3nT (red line),By < —3nT (green line) and-2 < By < 2nT (blue line) for the summer months (May—August) of 1998 and 2001.

quite different length of the sector structure (days) and thebe also distorted, if the strongly disturbed days are involved
disturbed wind fluctuations (hours) we have to give attentionin the analysis.

in these cases to the daily median values for the previous Keeping in mind this specification, the 3-day smoothing
days. It is evident that the interval of examination should notaverages of the median values were subjected to the interpo-
be longer than the minimal duration of sector structure (i.e.lation procedure including the following steps:

few days), otherwise the SS effect is smoothed. The optimal ) )
interval was revealed experimentally. 1. median values for magnetic components H and D are

derived for 4 intervals of preceding days with the ex-
Figure 6 shows the behavior of the median values of the ception of the current day: (= 0):

magnetic H-component at Thule station during June months .
of 1998 and 2001 for intervals with duration of 1 day (blue — r1 =F [for interval fromn — 3 day ton — 1 day]
line), 3 days (green line), and 5 days (black line). The run — r2 = F [for interval fromn — 5 day ton — 3 day]
of the IMF By component, derived from spacecraft measure-
ments by the method described in Sect. 2, is shown by a dot-
ted red line, the actuay values being raised to the ground — r4 =F [for interval fromn — 9 day ton —7 day];
magnetic scale by a magnification of 5 times and shifted by
50 nT to a higher position for a clear comparison. One can
see that the disturbed solar wind effects are strongly domi-

nant in the case of the 1-day running average. On the other 3 termination of this form related to day= 0 is examined

end the 5-day running average (black line) strongly smoothes 5o representative of the SS effect for the currentday
not only the effect of irregular disturbances but the SS ef- 0, even if this day is disturbed.

fect as well, especially for periods of short sector structures

(June 1998). The 3-day running average of median valueShe procedure is repeated each subsequent day. Results of
(green curve) seems to be the optimal to provide informationthe procedure, the variation of the reconstructed magnetic H-
on sign and level of the SS effect, but this information could component, are presented by the magenta line in the same

— 13 = F [for interval fromn — 7 day ton — 5 day]

2. piecewise polynomial form of the cubic spline inter-
polant for rl, r2, r3, and r4 segments is determined;

Ann. Geophys., 29, 149150Q 2011 www.ann-geophys.net/29/1491/2011/
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Fig. 6. Behavior of the median values of the magnetic H-component at Thule station during June months () 19882001(b) for

intervals with duration of 1 day (blue line), 3 days (green line), and 5 days (black line). The red dotted line shows the variation of the IMF
By component, derived from spacecraft measurements. The magenta line shows the variation of the reconstructed magnetic H-component
To be clearly demonstrated, the actigl values were multiplied by five and were shifted by 50 nT to a higher position, whereas the curve

of reconstructed H-component was shifted by 50 nT to a lower position.

Fig. 6, the reconstructed H-component curve being shifted Results of the SS structure identification by the data of the
by 50nT to a lower position. Comparison of the red and H-component observed at station Thule for the entire years
magenta lines shows their good consistency in phase with thef 1998 and 2001 are shown in Fig. 7. The green line is
SS effect and quite satisfactory consistency in the amplitudehe actual variation of the H-component; the black asterisks
of the SS effect. present the interpolated SS structure derived by the above

www.ann-geophys.net/29/1491/2011/ Ann. Geophys., 29, 14513-2011
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Fig. 7. The SS effect derived in the H-component observed at station Thule in(ap88d 2001(b). The actual variation of the ground H-
component is shown by the green line, whereas black asterisks present the extrapolated SS structure obtained by the extrapolation procedu
when all data are available till the examined day=0), and red asterisks present the interpolated SS structure derived under the condition
that the examined day is in the middle of a gap in the time interval. The actual variation of th&jMBmponent, measured by ACE
spacecratft, is shown by the thin black line.

described interpolation procedure under the condition thaivhen the SS effect in the polar cap magnetic variations is
data are available up to the examined day=(0); the red  most pronounced. The value of the effect decreases away
asterisks present the interpolated SS structure derived undérom summer solstice and falls to zero in the winter season
conditions that the examined day is a middle point in an ex-because of the low conductivity of the winter ionosphere.

trapolated interval. The actual variation of the INB; com-  The results presented in Fig. 8 show a good correlation be-
ponent, measured by ACE spacecraft is shown by a thin blackween the ground and satellite sets of data on sector structure;
line. the geomagnetic H-component ensures a little better corre-

To verify the proposed method, we examined the rela-lation (R = 0.96—-0.97) than the geomagnetic D-component
tionship between the daily values of actual IMf; quan- (R =0.93-0.95). Thus, the magnetic data at Thule display
tities measured by the ACE spacecraft and interpolated S$he same sector structure as measurements on board the ACE
quantities derived from geomagnetic variations in H- andsatellite.

D-components at Thule station. The analysis was carried
out for two summer months (June—July of 1998 and 2001),

Ann. Geophys., 29, 149150Q 2011 www.ann-geophys.net/29/1491/2011/
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4 Discussion and conclusions some days with unpredictable changes in their activity, the
SS effect identification using the geomagnetic Z-component
Troshichev et al. (2006) suggested calculating the PC incan be a very complicated task under storm conditions. Nat-
dex in quasi-real time. With this aim, a special procedureurally, the satellite measurements is the most direct way to
was elaborated to determine for each day the quiet dailythe SS effect identification, however, in such a case an ad-
curve (QDC) used as a line of reference for values of theditional problem arises how to correctly convert the satellite
ground magnetic disturbance (see description in Janzhuriformation about the IMFBy component into the SS effect
and Troshichev, 2008). The procedure of QDC derivationin the geomagneti&l and D variations.
implies consideration of the quiet magnetic field for quiet  Since disturbances in geomagnetic H- and D-components
days or quiet periods for different days provided that theform the basis for derivation of the PC index, allowance for
quiet times are related to a single level of reference. ThisSS effect in H- and D-components is the most reliable way
level of reference can be derived if the SS effect is taken intofor derivation of the QDC as a level of reference to estimate
account prior to the QDC derivation. It is especially impor- the value of disturbances. The method proposed in this pa-
tant for Thule station where the SS effect can be much higheper makes possible identification of the SS effect in the same
than the QDC amplitude. time regime as that for the QDC derivation, magnetic dis-
It is well known that the SS effect is displayed in the turbance value evaluation and PC index calculation, i.e. in
best way in variations (increase or decrease) of the verticafjuasi-real time. At present it takes only a few minutes for
(Z) component of geomagnetic field in the near-pole region.transmitting and processing the data from the point of ob-
However, using the geomagnetic Z-component we have tservation (Vostok, for example) to the Center (AARI) and
deal with strong effect of a global magnetic storms, which publishing the PC index at the AARI website.
are generated by the ring currents developed in the inner Although this paper is mostly concerned with how IN8f
magnetosphere. The ring current (DR) effect is displayedaffects the H and D magnetic ground components of Thule
as a strong depression of geomagnetic H-component in than summer, our methods could also be used to estimate IMF
low-latitude zone. In the high-latitude area the DR effect is By in summer from the ground magnetic data during peri-
displayed as a strong increase of the positive (downward) Zeds when satellite IMF observations are missing. Since IMF
component in the northern polar cap, and increase of the negB, and By components are usually coupled within the Parker
ative (upward) Z-component in the southern polar cap, thespiral, the method can be applied to reconstruct the IMF sec-
influence on geomagnetic H- and D-component being negior structures in pre-satellites epochs.
ligible. Taking into account that magnetic storms can last
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