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Global modelling of geotail and ring current dynamics under disturbed
conditions
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The storm-time dynamics of magnetospheric current systems during several magnetic storms of different inten-
sities was investigated in terms of the paraboloid model of the Earth’'s magnetosphere. The moderate magnetic
storm on June 25-26, 1998 and severe magnetic storm on October 21-23, 1999 were studied in details. The relative
contributions from the ring, magnetotail and magnetopause currents fbsthi@dex were calculated to analyse the
storm-time current systems dynamics. The calculations were based on the "official” methodics of Dst calculations.
The quiet time level and quiet time contributions from different current systems were subtracted from the horizontal
component of magnetospheric magnetic field calculated for each modeled storm event. Since the currents in the
magnetosphere induce currents in the diamagnetic Earth, the contribution of those induced currents to measured
perturbation field were also considered. It was obtained that ring current contribution is comparable with tail cur-
rents one for moderate storm but it dominates during severe magnetic storm. The ring current/tail current relative
contribution to the Dst rises with the growth of the magnetic storm intensity.

1. Introduction term "tail current contribution tdst”. On the other hand,

Magnetospheric processes, which take place during mégere is no reason to suggest that we obtain the same maxi-
netic storms, are determined by variations of the magnetoum tail current / ring current relative contribution for dif-
spheric current systems. Different sources of the magndterent storms. There exists evidence that tail current role
spheric magnetic field change with the different time scalelsanges depending on the magnetic storm intensity (Turner
depending on different factors originated from solar winet al., 2001; Ganushkina et al., 2003; Kalegaev et al., 2005).
as well as from magnetosphere and reveai themselves in thia this study, we investigate the magnetospheric current
complicated dynamics of the measured magnetic field, asgstems dynamics during two storm events, a moderate
in particular, in theDst dynamics. Among others, the tailstorm on June 25-26, 1998 whénst reached -120 nT and
current role in the magnetic storm development is of specéa intense storm on October 21-23, 1999 witkt dropped
interest (Alexeev et al., 1996). to -250 nT. On the base of the official methodio$t deriva-

It was accepted during many years, that ring currenttisn from measurements, we calculate the tail current/ring
the main source of magnetospgeric magnetic field perturlbarrent relative contributions t®st for storms of different
tion measured at the Earth’s surface during magnetic stoimensities by the paraboloid model of the magnetosphere.
Nowadays, this point of view is called in question. AmBased on these calculations, we explain saturation of the
analysis carried out on the base of satellite measurementgynetic flux through the tail lobes, when the tail current
(Greenspan and Hamilton, 2000; Ohtani et al., 2001; Sicentribution toDst approaches maximum values for moder-
oug et al.,, 2003) shows that tail current can be also @ely disturbed conditions and does not increase with further
sponsible for a significant part dpst variation. Unfortu- disturbance development. During strongly disturbed condi-
nately, the experimental investigations of this problem di@ns the ring current becomes the domin&xnt source.
not allow to quantitatively estimate the relative contribution
of the magnetospheric magnetic field sourcedtd. Sev- 2. pst derivation from the modeling
eral studies estimated the contributiondbft sources based  One of the key goals of our investigation is to provide a
on model calculations (Maltsev et al., 1996; Alexeev et afnethod for correct calculation of th@st sources using the
1996;Dremuchina et al.1999; Turner et al., 2000; Alexeevmagnetospheric models, consistent with the official proce-
etal., 2001; Kalegaev et al., 2001; Ganushkina et al., 200g)re of Dst derivation. In this study we propose that magne-

Adequately representing thest profile, these investigationstopause currents (CF), ring current (RC), and the tail current
often give different estimations for contributions of the magyC) are the main contributors #©st:

netic field sources tdst even for the same event. It was

s_hown in Alex_eev et al., (2001) that the differences are most Dst = DR+ DT + DCF | 1)
likely due to different approaches usedst-sources calcu-

lations. Up to date, the derivation procedure of the contribwhere DR, DT, and DCF are RC, TC, and CF contribu-
tion to Dst from the magnetospheric magnetic field sourcéisns to Dst, respectively.

has not been described in details. Different researchers medrhe partial ring current (PRC) is an important asymmetri-
different things byDst contributions originated from mag-cal magnetic field source, which can contributeet. Al-
netospheric sources. As a result, the authors of differentfheugh the PRC-related magnetic field perturbations in the
vestigations represent physically different quantities by timer magnetosphere may be significantly large, especially



during the magnetic storm’s main phase, its contribution to June 25-26, 1998 October 21.23. 1999
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netic field sources are proposed to be included to the corre- _ _ -
Fig. 1. The IMFB,, solar wind dynamical pressurd,L and Dst indices

sponding terms on t_h(_a right side of (1). L during June 25-26, 1998 moderate (a) and October 21-23, 1999 intense
Based on the official procedure @¥st derivation from  (b) storm events.
the measurement$(giura and Kameil991), we propose

a method of Dst calculation in terms of magnetospheric . . .
models. It consists of three steps: Dst =0Hp —0Hp +0Hr —6Hp +0Her —0Hop. (4)

1. Calculation of the magnetic field horizontal component

H hBtl’ = _ q
variation ¢H;(t)) (originated from the external (magneto- _Usmg (1.) one can suggest t = 0Hp — 0H7. We
: L will determine the othePD st sources DR and DC'F) as re-
spheric) and corresponding induced currents) at each loc

tion reporting toDst observatories; sS]t of subtrgctlon of the corresponding quiet-time variation
. . . i ._from storm-time one.
2. Calculating of the quiet magnetic field variation during

: q X
the quietest day of the monthiff; (1'5)), and subtracting them 5 25.26, 1998 and October 21-23, 1999 storm
from § H,(t) for each observatory;
3. Determination of thést, averaging the normalized to events
' ’ Figure 1 shows the solar wind conditions and interplane-

the equator differences between storm-time and quiet-tiEn? L LN

N L . . y magnetic field (IMF), as well as the geomagnetic indices
magnetic field variations at the reporting stations for eaa%ring magnetic storms on June 25-26, 1998 and on October
hour: '

21-23, 1999.
1 On June 25, 1998 the IMB, shows a sudden jump to
Dst(t) = — Z(éHZ-(t) — 8HX(t))/cos(6;),  (2) more than +15 nT from the level of -13 nT at 2300 UT
4 i=1 (Figure 1a). The solar wind dynamic pressure had several
whered; are latitudes of observatories. peaks around 8-10 nPa. THd. index reached a peak value

The proposed procedure also may be generalized to @h=1000 nT around 0255 UT on June 26. That index
ambiguously describ®st sources when the magnetic fiel@tarted to decrease at the beginning of June 26 and reached
model enables calculation of the magnetic field of differert20 nT around 0500 UT.
magnetospheric current systems. It allows us to compare th@uring the intense storm on October 21-23, 1999 IMF
contributions of different sources st obtained in terms B. turned from +20 nT to -20 nT at about 2350 UT on
of different models. October 21 and dropped down to -30 nT around 0600 UT

The Dst index presented by (2) may be rewritten as ~ on October 22 (Figure 1b). Solar wind dynamic pressure
showed two main peaks, a 15 nPa peak around 2400 UT on

4 4 October 21 and a 35 nPa peak around 0700 UT on October
Lo 0Hi(t) 1§~ SH() 22. Th | peaks in tH& ind hi
Dst(t) = - _= i) §H(t)—0HY(t), 22- There were several peaks in index reaching -
4 < cos(b;) 4 = cos(b;) 1000 nT - -1500 nT. The)st index dropped to -230 nT at

(3) 0600-0700 UT on October 22.

where thed H (t) andd H4(t) are averaged over the equator
storm-time and quiet-time variations of the magnetosphefic Storm-time magnetospheric model andst cal-
magnetic field. The quiet-time level is a feature of the model, culation
it is about zero for the paraboloid model. That is why the We can not explicitly distinguish the contributions from
simple magnetic field calculation at the Earth’s center usedifferent magnetospheric current systems, which are con-
in (Alexeev et al., 1996) gives a good agreement witft. tained in the observed magnetic field. However, we can esti-
However, the magnetic field sources have nonzero quiet aagte them using the modern magnetospheric models, which
variations. can provide a separate calculation of the magnetospheric

Representing storm-time and quiet-time variations asregnetic field sources.
sum of the contributions produced by all the magnetospheridn this study we use the paraboloid magnetospheric model
current systems, one can obtain A2000, which allows to investigate the storm-time dynam-



e 25-26, 1998 Ostober 21-23, 1999 During the moderate storm on June 25-26, 1998, tail cur-
80 004, rent begins to develop before the ring current. Its contribu-

409, BSF vt JlMNUBeE tion to the Dst index almost follows the drop of the total
I :W = 4\ Dst. During the storm main phase, the tail current gives
wd DT DR 1] DR a slightly larger contribution tdst than the ring current.
W 0] L L During the recovery phase, the ring current remains more
< ZW‘W = 00 enhanced than the tail current.
& 30 - 2200 4 The situation is quite different for the intense storm on
Pr——"=——— 0 +—————r—  October 21-23, 1999. The tail current develops first, when
A 1826 s 2 62 8 Dot begins to decrease in a manner similar to the tail current
@ ® behavior during the moderate storm. During the storm max-

imum, the ring current becomes the dominant contributor to

Fig. 2. Dst sources (top panel), together with the obsemeti(thick line) the Dst index.

and the modelled st (thin line) (bottom panel) for June 25-26, 1998

(a) and October 21-23, 1999 (b) magnetic storms calculated by AZ(@E) Discussion and conclusions
) mOdeI'_ ] We can see that the tail current plays a significant role in
ics of different current systems, as well as of their parafie magnetic storm development. Computations of the talil
eters. The paraboloid model of the Earth’s magnetosphg{grents contribution taDst using the A2000 and G2003
(Alexeev et al., 1996; Alexeev et al., 2001) is based ®Rodels, show that during a storm, maximum DT can ap-
an analytical solution of the Laplace equations for eagfyach values comparable with the ring current contribution
large-scale current system in the magnetosphere with a fixedh ;¢ petailed investigation of tail and ring current dy-
shape (paraboloid of revolution). The magnetic field in thgymics shows that the tail current’s (as well as other magne-
paraboloid modeB,, can be calculated in the form: tospheric currents’) contribution t st varies during a mag-

netic storm: the tail current begins to develop earlier than the

B = Ba($)+Bey (1, Ba)+Bi (¥, Ri, Rz, Poo)+Br (4, by) ring current and starts to decay while the ring current con-
tinues to develop. The magnetotail global changes during

omagnetic dipole, of currents on the magnetopause, of {Qﬁ magnetic storm are controlled mostly by the solar wind

current and ring current respectively. The different magne"f}ls@ij tg(\aN:chF, tt))uttarrrerz] z?ci:otm(;)a?ed by shaCrIp v?na?rorlmtia.:,]so]:
fields depend on parameters of magnetospheric current € substorm-related processes. Liear correlation o

tems (intensities and locations) as input. There are: the ¢ tail current contribution t& st with the substorm activity

omagnetic dipole tilt angles, the magnetopause stand-o apparent in the res_ults obtained _from the model. The tail
distanceR;, the distance to the inner edge of the tail CuF_urrent development in that model is controlled by the mag-

rent sheetR,, the magnetic flux through the tail lobds, , netic flux through the tail lobes (which is the same as polar

the ring current magnetic field at the Earth’s ceriterand cap magnetic flux):
the maximum intensity of the field-aligned currdit These

whereBy, B.r, B, andB,. are the magnetic fields of ge

2
input parameters depend on the solar wind, IMF, and geo- D =Dy — ALmRY 2R, + 1. (5)
magnetic indices and can be determined from empirical data T2 Ry
using submodels. The geocentric distande; to the subsolar point is a func-

To calculate Dst based on official procedure abst tion of the solar wind dynamic pressure and IME; com-
derivation we must determine the quietest days of the morgbnent (Shue et al., 1998). The distance to the inner edge of
The quietest days for the June 25-26, 1998 and Octobws tail current sheeR, is obtained by mapping the equator-
21-23, 1999 storm events were June 17, 1998 and Octolvard boundary of the auroral oval at midnight to the equato-
20, 1999. The average quiet timigst were -0.58 nT and rial plane.®, = 400M Wb is the magnetic flux through the
2.74 nT, respectively. tail lobes during quiet conditions. The A2000 model param-

Figure 2 shows the model contributions and t@®ak dur- eterization is described in details by Alexeev et al. (2001).
ing June 25-26, 1998 and October 21-23, 1999 storm event$he calculations show that the relationship between tail
calculated by parabolid model. We can see the contritand ring currents depends on the magnetic storm intensity.
tions from the magnetopause current (dashed line, markamiculations give tail current contribution tBst compa-
by "DSF"), ring current (thick line, marked by "DR”) andrable with the ring current contribution during a moderate
tail current (thin line, marked by "DT”) (top panel) togethestorm, but ring current becomes the dominant contributor to
with the observedDst (thick line) and the modelledst Dst during an intense storm (see also (Ganushkina et al.,
(thin line) (bottom panel) for June 17, 1998 (a) and Octob2003)). Apparently, the magnetic flux through the tail lobes
20, 1999 (b). The ground induced currents effect (30% '@aturates” during extremely disturbed conditions, while the
the variation) was taken into account in the calculations. Thieg current continues to develop. In particular, we can see
quiet-time contributions from the different current systentBat AL / AE index approaches similar values during both
are calculated for quietest days of June 1998 and Octotier moderate and the intense storms under consideration (see
1999 and subtracted from the modeled magnetic field varidg. 1). The polar cap area also does not demonstrate a sig-
tions. nificant growth during intense storms, compared to moderate
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Fig. 4. The ring current relative contribution f@st*, depending on storm
intensity.

developed. During severe storms, ring current continues to
develop and becomes the major contributobta, while tail
R1 current has already reached the maximum value.
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