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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 to theDst-index 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
Magnetospheric processes, which take place during mag-

netic storms, are determined by variations of the magneto-
spheric current systems. Different sources of the magneto-
spheric magnetic field change with the different time scales
depending on different factors originated from solar wind
as well as from magnetosphere and reveai themselves in the
complicated dynamics of the measured magnetic field, and,
in particular, in theDst dynamics. Among others, the tail
current role in the magnetic storm development is of special
interest (Alexeev et al., 1996).

It was accepted during many years, that ring current is
the main source of magnetospgeric magnetic field perturba-
tion measured at the Earth’s surface during magnetic storm.
Nowadays, this point of view is called in question. An
analysis carried out on the base of satellite measurements
(Greenspan and Hamilton, 2000; Ohtani et al., 2001; Sk-
oug et al., 2003) shows that tail current can be also re-
sponsible for a significant part ofDst variation. Unfortu-
nately, the experimental investigations of this problem do
not allow to quantitatively estimate the relative contribution
of the magnetospheric magnetic field sources toDst. Sev-
eral studies estimated the contributions ofDst sources based
on model calculations (Maltsev et al., 1996; Alexeev et al.,
1996;Dremuchina et al., 1999; Turner et al., 2000; Alexeev
et al., 2001; Kalegaev et al., 2001; Ganushkina et al., 2003).
Adequately representing theDst profile, these investigations
often give different estimations for contributions of the mag-
netic field sources toDst even for the same event. It was
shown in Alexeev et al., (2001) that the differences are most
likely due to different approaches used inDst-sources calcu-
lations. Up to date, the derivation procedure of the contribu-
tion toDst from the magnetospheric magnetic field sources
has not been described in details. Different researchers mean
different things byDst contributions originated from mag-
netospheric sources. As a result, the authors of different in-
vestigations represent physically different quantities by the

term ”tail current contribution toDst”. On the other hand,
there is no reason to suggest that we obtain the same maxi-
mum tail current / ring current relative contribution for dif-
ferent storms. There exists evidence that tail current role
changes depending on the magnetic storm intensity (Turner
et al., 2001; Ganushkina et al., 2003; Kalegaev et al., 2005).

In this study, we investigate the magnetospheric current
systems dynamics during two storm events, a moderate
storm on June 25-26, 1998 whenDst reached -120 nT and
an intense storm on October 21-23, 1999 withDst dropped
to -250 nT. On the base of the official method ofDst deriva-
tion from measurements, we calculate the tail current/ring
current relative contributions toDst for storms of different
intensities by the paraboloid model of the magnetosphere.
Based on these calculations, we explain saturation of the
magnetic flux through the tail lobes, when the tail current
contribution toDst approaches maximum values for moder-
ately disturbed conditions and does not increase with further
disturbance development. During strongly disturbed condi-
tions the ring current becomes the dominantDst source.

2. Dst derivation from the modeling
One of the key goals of our investigation is to provide a

method for correct calculation of theDst sources using the
magnetospheric models, consistent with the official proce-
dure ofDst derivation. In this study we propose that magne-
topause currents (CF), ring current (RC), and the tail current
(TC) are the main contributors toDst:

Dst = DR+DT +DCF , (1)

whereDR,DT, andDCF are RC, TC, and CF contribu-
tions toDst, respectively.

The partial ring current (PRC) is an important asymmetri-
cal magnetic field source, which can contribute toDst. Al-
though the PRC-related magnetic field perturbations in the
inner magnetosphere may be significantly large, especially



during the magnetic storm’s main phase, its contribution to
Dst is relatively small (Tsyganenko et al., 2003). Moreover,
the PRC location has not been sufficiently studied, and it is
difficult to separate the PRC from the other magnetic field
sources. In our calculations we propose that PRC contribu-
tion toDst is a part of DR, as was used in (Ganushkina et
al., 2003;Tsyganenko et al., 2003).

It was established that magnetospheric magnetic field vari-
ations produce terrestrial induced currents, preventing the
external magnetic field penetration inside the Earth. We
use the value of 30% for the magnetic field increase due
to induced currents, which, on average, is in good accor-
dance with the investigations of (Hakkinen et al., 2002). The
Earth’s currents induced by different magnetospheric mag-
netic field sources are proposed to be included to the corre-
sponding terms on the right side of (1).

Based on the official procedure ofDst derivation from
the measurements (Sugiura and Kamei, 1991), we propose
a method ofDst calculation in terms of magnetospheric
models. It consists of three steps:

1. Calculation of the magnetic field horizontal component
variation (δHi(t)) (originated from the external (magneto-
spheric) and corresponding induced currents) at each loca-
tion reporting toDst observatories;

2. Calculating of the quiet magnetic field variation during
the quietest day of the month (δHq

i (t)), and subtracting them
from δHi(t) for each observatory;

3. Determination of theDst, averaging the normalized to
the equator differences between storm-time and quiet-time
magnetic field variations at the reporting stations for each
hour:

Dst(t) =
1
4

4∑

i=1

(δHi(t)− δHq
i (t))/cos(θi), (2)

whereθi are latitudes of observatories.
The proposed procedure also may be generalized to un-

ambiguously describeDst sources when the magnetic field
model enables calculation of the magnetic field of different
magnetospheric current systems. It allows us to compare the
contributions of different sources toDst obtained in terms
of different models.

TheDst index presented by (2) may be rewritten as

Dst(t) =
1
4

4∑

i=1

δHi(t)
cos(θi)

−1
4

4∑

i=1

δHq
i (t)

cos(θi)
= δH(t)−δHq(t),

(3)
where theδH(t) andδHq(t) are averaged over the equator
storm-time and quiet-time variations of the magnetospheric
magnetic field. The quiet-time level is a feature of the model,
it is about zero for the paraboloid model. That is why the
simple magnetic field calculation at the Earth’s center used
in (Alexeev et al., 1996) gives a good agreement withDst.
However, the magnetic field sources have nonzero quiet day
variations.

Representing storm-time and quiet-time variations as a
sum of the contributions produced by all the magnetospheric
current systems, one can obtain

Fig. 1. The IMFBz , solar wind dynamical pressure,AL andDst indices
during June 25-26, 1998 moderate (a) and October 21-23, 1999 intense
(b) storm events.

Dst = δHR− δHq
R + δHT − δHq

T + δHCF − δHq
CF . (4)

Using (1) one can suggest thatDT = δHT − δHq
T . We

will determine the otherDst sources (DR andDCF ) as re-
sult of subtraction of the corresponding quiet-time variation
from storm-time one.

3. June 25-26, 1998 and October 21-23, 1999 storm
events

Figure 1 shows the solar wind conditions and interplane-
tary magnetic field (IMF), as well as the geomagnetic indices
during magnetic storms on June 25-26, 1998 and on October
21-23, 1999.

On June 25, 1998 the IMFBz shows a sudden jump to
more than +15 nT from the level of -13 nT at 2300 UT
(Figure 1a). The solar wind dynamic pressure had several
peaks around 8-10 nPa. TheAL index reached a peak value
of -1000 nT around 0255 UT on June 26. TheDst index
started to decrease at the beginning of June 26 and reached
-120 nT around 0500 UT.

During the intense storm on October 21-23, 1999 IMF
Bz turned from +20 nT to -20 nT at about 2350 UT on
October 21 and dropped down to -30 nT around 0600 UT
on October 22 (Figure 1b). Solar wind dynamic pressure
showed two main peaks, a 15 nPa peak around 2400 UT on
October 21 and a 35 nPa peak around 0700 UT on October
22. There were several peaks in theAL index reaching -
1000 nT - -1500 nT. TheDst index dropped to -230 nT at
0600-0700 UT on October 22.

4. Storm-time magnetospheric model andDst cal-
culation

We can not explicitly distinguish the contributions from
different magnetospheric current systems, which are con-
tained in the observed magnetic field. However, we can esti-
mate them using the modern magnetospheric models, which
can provide a separate calculation of the magnetospheric
magnetic field sources.

In this study we use the paraboloid magnetospheric model
A2000, which allows to investigate the storm-time dynam-



Fig. 2. Dst sources (top panel), together with the observedDst (thick line)
and the modelledDst (thin line) (bottom panel) for June 25-26, 1998
(a) and October 21-23, 1999 (b) magnetic storms calculated by A2000
model.

ics of different current systems, as well as of their param-
eters. The paraboloid model of the Earth’s magnetosphere
(Alexeev et al., 1996; Alexeev et al., 2001) is based on
an analytical solution of the Laplace equations for each
large-scale current system in the magnetosphere with a fixed
shape (paraboloid of revolution). The magnetic field in the
paraboloid modelBm can be calculated in the form:

Bm = Bd(ψ)+Bcf (ψ,R1)+Bt(ψ,R1, R2,Φ∞)+Br(ψ, br)

whereBd, Bcf , Bt, andBr are the magnetic fields of ge-
omagnetic dipole, of currents on the magnetopause, of tail
current and ring current respectively. The different magnetic
fields depend on parameters of magnetospheric current sys-
tems (intensities and locations) as input. There are: the ge-
omagnetic dipole tilt angleψ, the magnetopause stand-off
distanceR1, the distance to the inner edge of the tail cur-
rent sheetR2, the magnetic flux through the tail lobesΦ∞,
the ring current magnetic field at the Earth’s centerbr, and
the maximum intensity of the field-aligned currentI‖. These
input parameters depend on the solar wind, IMF, and geo-
magnetic indices and can be determined from empirical data
using submodels.

To calculateDst based on official procedure ofDst
derivation we must determine the quietest days of the month.
The quietest days for the June 25-26, 1998 and October
21-23, 1999 storm events were June 17, 1998 and October
20, 1999. The average quiet timeDst were -0.58 nT and
2.74 nT, respectively.

Figure 2 shows the model contributions and totalDst dur-
ing June 25-26, 1998 and October 21-23, 1999 storm events
calculated by parabolid model. We can see the contribu-
tions from the magnetopause current (dashed line, marked
by ”DSF”), ring current (thick line, marked by ”DR”) and
tail current (thin line, marked by ”DT”) (top panel) together
with the observedDst (thick line) and the modelledDst
(thin line) (bottom panel) for June 17, 1998 (a) and October
20, 1999 (b). The ground induced currents effect (30% of
the variation) was taken into account in the calculations. The
quiet-time contributions from the different current systems
are calculated for quietest days of June 1998 and October
1999 and subtracted from the modeled magnetic field varia-
tions.

During the moderate storm on June 25-26, 1998, tail cur-
rent begins to develop before the ring current. Its contribu-
tion to theDst index almost follows the drop of the total
Dst. During the storm main phase, the tail current gives
a slightly larger contribution toDst than the ring current.
During the recovery phase, the ring current remains more
enhanced than the tail current.

The situation is quite different for the intense storm on
October 21-23, 1999. The tail current develops first, when
Dst 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
theDst index.

5. Discussion and conclusions
We can see that the tail current plays a significant role in

the magnetic storm development. Computations of the tail
current’s contribution toDst using the A2000 and G2003
models, show that during a storm, maximum DT can ap-
proach values comparable with the ring current contribution
to Dst. Detailed investigation of tail and ring current dy-
namics shows that the tail current’s (as well as other magne-
tospheric currents’) contribution toDst varies during a mag-
netic storm: the tail current begins to develop earlier than the
ring current and starts to decay while the ring current con-
tinues to develop. The magnetotail global changes during
the magnetic storm are controlled mostly by the solar wind
and the IMF, but are accompanied by sharp variations asso-
ciated with substorm-related processes. Clear correlation of
the tail current contribution toDstwith the substorm activity
is apparent in the results obtained from the model. The tail
current development in that model is controlled by the mag-
netic flux through the tail lobes (which is the same as polar
cap magnetic flux):

Φ∞ = Φ0 − AL

7
πR2

1

2

√
2R2

R1
+ 1. (5)

The geocentric distanceR1 to the subsolar point is a func-
tion of the solar wind dynamic pressure and IMFBz com-
ponent (Shue et al., 1998). The distance to the inner edge of
the tail current sheetR2 is obtained by mapping the equator-
ward boundary of the auroral oval at midnight to the equato-
rial plane.Φ0 = 400MWb is the magnetic flux through the
tail lobes during quiet conditions. The A2000 model param-
eterization is described in details by Alexeev et al. (2001).

The calculations show that the relationship between tail
and ring currents depends on the magnetic storm intensity.
Calculations give tail current contribution toDst compa-
rable with the ring current contribution during a moderate
storm, but ring current becomes the dominant contributor to
Dst during an intense storm (see also (Ganushkina et al.,
2003)). Apparently, the magnetic flux through the tail lobes
”saturates” during extremely disturbed conditions, while the
ring current continues to develop. In particular, we can see
thatAL / AE index approaches similar values during both
the moderate and the intense storms under consideration (see
Fig. 1). The polar cap area also does not demonstrate a sig-
nificant growth during intense storms, compared to moderate



Fig. 3. The magnetic flux through the tail lobes distribution calculated
by paraboloid model for AL=-2000nT depending onR1 (distance to the
subsolar point), andR2 (distance to the inner edge of the tail current
sheet).

ones. That is why we obtained the approximately equal max-
imumDT values during the different storms.

One can suggests, that saturation effect is the result of
global magnetospheric morphology. The polar cap size is
(theoretically) limited by the Earth’s hemisphere area. The
magnetic flux through the polar cap / tail lobes

Φ∞ = 2B0πR
2
E sin2 θpc

approaches the maximum value of about 3000 MWb for
the polar cap radiusθpc = 40o, evidently an overestimated
value (hereB0 is the dipole magnetic field at the equator,RE

is the Earth’s radius).
Figure 3 shows the magnetic flux through the tail lobes

calculated by (5) for AL=-2000nT depending on parameters
R1 andR2. Actually, for the reasonable values ofR1 and
R2, Φ∞ can not exceed the upper value of 2500 MWb. In
terms of the paraboloid model, it corresponds to the magnetic
variation at the Earth’s surface, about of 200 nT. Apparently,
this is the maximum possible contribution of TC toDst (see
also (Kalegaev et al., 2005).

Turner et al. (2001) studied the energy content in the
storm time ring current. They found that the ratio of the
total plasma energy content in the dayside toDst∗, the so-
lar wind dynamic pressure correctedDst, falls twice when
Dst∗ changes from 0 to -100 nT. It means that for moderate
storms, DR and DT are about of the same order, which is
in agreement with results obtained by (Alexeev et al., 1996,
Ganushkina et al., 2003).

Figure 4 represents the ratioDR/Dst∗ (triangles) de-
pending theDst∗ taken at maximum of storms together with
the same figure, which represents the results obtained by
Turner et al. (2001). We usedDR andDst∗ at the maxi-
mum of the storms under consideration as well as during two
additional storms 6-8 April, 2000 and 9-12 January 1997.

One can postulate that the tail current gives a negligible
contribution to quiet-timeDst, but during moderate storms,
TC produces a contribution to on-ground magnetic field
comparable with that of the ring current. Under moderately
disturbed conditions, TC saturates, approaching the maxi-
mum possible values, while the ring current still remains un-

Fig. 4. The ring current relative contribution toDst∗, depending on storm
intensity.

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