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Magnetospheric currents are very diverse and dynamical. The magnetopause

shrinki, expinds, and erodes, with varying degree of connection to the IMF. In-

trusion of the plasma in the polar cusps results in diamagnetic currents which depress

the field at high latitudes. The tail current sheet warps, bends, and twists, and its

current density varies as the tail stretches and rebounds. Birkeland currents vary with
the IMF and with the substorm cycle, and the ring current builds up and decays in

the course of storms. During substorms, a dynamical current wedge develops on the

nightside, resulting in a rapid reconfiguration of the near-Earth field. The data-based

ap-proach to magnltospheric modeling is to develop a flexible representation for the

magnetic field vector and fit it to a large set of spacecraft data. All the above currents

snoutA be represented in the models in a meaningful way, and substantial advance

was made reiently in this direction. The new models feature a continuous parametric

dependence on the solar wind conditions, include Birkeland currents, and have a

soiar-wind controlled magnetopause with a penetration of the IMF. New techniques

are now available for modeling the twisting and warping of the cross-tail current, the

collapse of the tail field during substorms, and the observed structure of the polar

cusps. This article overviews some of those developments.

1. INTRODUCTION

The primary goal of data-based modeling of the magne-

tosphere is to extract full information on its structure from
space magnetometer observations and to reconstruct its con-

figuration as a function of external conditions. The electric
current j and the magnetic field B in the magnetosphere are

related by Maxwell's equations, so that after deriving B from
data, one should in principle be able to reconstruct j' Using
concurrent data from the upstream monitors of the interplan-
etary medium, one can relate the magnetospheric dynamics

to the changing state of the incoming solar wind.
However, this seemingly simple plan turns out hard to im-

plement because of the highly dynamical nature of the geo-

magnetic field and the lack of simultaneous measurements'
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So far, all existingdata-based models have relied on observa-

tions made at different times and have implicitly assumed that
similar solar wind conditions should result in similar geomag-

netic field configurations, which is often not true because the

"memory" of earlier conditions also plays a significant role.
In terms of the magnetospheric currents, the approach

adopted in data-based modeling can be outlined as follows.
If the current density j is known, the magnetic field at any

location can in principle be derived as

n:a /ix(r;,1')u., (l)
p0 J lr-r'l-

Since what is observed is not j but B, this leads to the kind
of problem usually referred to as an "inverse" problem. A
standard approach is to choose for j a specific mathematical

form involving adjustable parameters, based on physics and

on existing a priori information, derive the corresponding
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B, and fit the parameters to the data. The geometrical char-
acteristics of the electric current systems and the way they
respond to solar wind conditions are then given by the best
fitting values of the model parameters.

Although the magnetic field at any point depends on the
entire distribution of the electric current, the linearity of
Maxwell's equations allows one to resolve the total B into
"partial" fields and currents, each related to a different cur-
rent system. This greatly facilitates the mathematical treat-
ment of the problem. Thus, the field associated with the
magnetopause current can be represented by an appropriate
potential field, continuous over the entire space and ensuring
the required distribution of the normal component Bn on the
boundary. Introducing an abrupt jump of B across the bound-
ary automatically accounts for the magnetopause current re-
quired by Maxwell's equations. Likewise, the fields associ-
ated with the cross-tail and the ring current can be represented
by separate "modules", providing the required geometry of
j, full confinement of B inside the model magnetopause, and
an appropriate parametric dependence ofj on the state ofthe
solar wind.

Such a modular approach was widely used in the past

[e.g., Voigt, l98l; Tsyganenko and Usmanov, 1982; Tsyga-
nenko, 1987,1989,1995,19961 as an effective way ofturning
data into models. On the other hand, from the viewpoint of
physics, different current systems in the magnetosphere are
closely related. Such relationships should'be treated con-
sistently when modeling the total field. As an example, the
observed magnetic features of the polar cusps represent the
combined effect of at least three sources: the magnetopause
currents, diamagnetic currents due to the injected magne-
tosheath plasma, and the field-aligned currents. Another ex-
ample is the cross-tail current, whose global geometry cannot
be separated from that of the magnetopause current.

During the last few years, significant progress was made
in the development of realistic models of the magnetospheric
field and electric currents, based on both new and old space
magnetometer data. Because of space limitations, this paper
focuses mainly on the most recent results and on problems
still to be solved. Readers interested in a more detailed treat-
ment of existing modeling methods are referred to reviews
fTsyganenko, 1990; Stern, 19941 and to the original papers,
cited below.

2. MODELING OF THE MAGNETOPAUSE CURRENTS

Compared with other magnetospheric currents, that of the
magnetopause has the largest spatial scale and the largest
total magnitude. It dictates the configuration of the entire
magnetosphere, confining the fields from all internal sources
within a cavity in the solar wind.

In currently existing models, the magnetopause is assumed
to be an axially symmetric surface with a prescribed shape,
whose scale size is controlled by the dynamic pressure of

the solar wind. Several data-based models of the magne-
topause were recently proposed. Sibeck et al. [1991) and
Roelof and Sibeck [19931 developed an ellipsoidal represen-
tation of the magnetopause, using a set of 1821 boundary
crossings by spacecraft and parameterizing their model by
the solar wind pressure and IMF Br. Petrinec and Russell
[1993, 1996] evaluated the magnetopause shape indirectly,
using internal measurements of the tail field by ISEE space-
craft and a simplified form ofthe pressure balance condition.
Shue et al. 11997, 19981 developed an alternative analytical
magnetopause model, based on direct crossing data, and cal-
ibrated it by solar wind parameters. Boardsen et al. ll999l
made a detailed statistical study of the high-latitude rnagne-
topause shape, using the data of Hawkeye- L

In this work, we focus on the modeling of the magnetic
field ofthe magnetopause current, rather than on the shape of
the boundary, and hence will not compare the merits of the
above models. The basic approach is to represent the field of
the magnetopause currents by a sum of simple and flexible
potential fields, whose coefficients and scale factors are fit-
ted by least squares to minimize the rms magnetic flux across
the boundary (an idea first suggested by Schulz and McNab
t19871). Such a procedure can be applied to the "partial"
contributions from all principal sources of the internal mag-
netospheric field, providing an accurate confinement of the
total field for any combination of the amplitudes of individual
sources [Tsyganenko, I995, 1996].

Recent observations by the ISTP spacecraft Geotail and
Polar revealed some interesting features, which allowed sig-
nificant improvements. The first finding was that the average
magnetopause was displaced northward and southward by
the diurnal/seasonal tilt of the Earth's dipole. In fact, such
an effect was predicted long ago from calculations of the
pressure-balanced shape of the boundary for a tilted dipole
fOlson, 1969; Choe et al., 19731, confirmed by MHD simu-
lations [Walker et al., 1989) as well as in calculations of the
equilibrium boundary by Sotirelis and Meng [1999]. How-
ever, it was not until recently that the tilt-related shift ofthe
magnetopause was found in spacecraft observations, first re-
ported in a statistical study of Hammond et al. |9941. A
clear indirect evidence of the tilt-induced magnetopause mo-
tion was demonstrated recently by Tsyganenko et al. [1998],
based on the observed shape of the cross-tail current sheet as

inferred from Geotail magnetometer data. In our later paper
[Tsyganenko, 1998a], the effect of the dipole tilr upon the
shape of the boundary was again confirmed by using direct
magnetopause crossing data.

Figure I illustrates the dipole tilt effects upon the shape
of the cross-section of the tail current sheet for two inter-
vals of Xcsu. While at close distances the warping of the
current sheet is quite pronounced, it gradually decreases tail-
ward and becomes much weaker in the more remote bin with
-60 < X < -40R6. At the same time, the amplitude of the



-15<X<-10

shift ofthe central current sheet remains virtually unchanged.
Assuming no concurrent shift of the tail boundary (as shown
in the plots) would imply a significant imbalance of the net
magnetic flux between the northern and southern tail lobes.
The only way to avoid that problem is to assume that the
entire tail boundary is shifted in concert with the cross-tail
current sheet, and observations fully conoborate that con-
jecture. Figure 2 shows three samples of the magnetopause
crossing data in the interval oftailward distances between 20
and 40 Rs, for three intervals of the dipole tilt angle. Best
fit ellipses are also shown, approximating the observed av-
erage cross-sections of the boundary. As can be seen, the
centers of the ellipses (shown by crosses) shift upward, as

the dipole tilt angle increases from negative to positive val-
ues. As already mentioned, this effect was found earlier in
a data-based study of Hammond et aI. ll994l. Although a

direct comparison with their results is somewhat hampered
by significant differences in the adopted binning by the tilt

o
TiIt<-20
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angle and by the tailward distance, the obtained amplitudes
of the magnetopause shift are reasonably close to each other.
Thus, for large tilt angles (- 3Oo) Hammond et al. tl994l
found the overall shift LZ - 2 Rs, while our study gave

LZ - 2.8 Rs , for the same tilt angle. Since our estimate was
based on data taken, on the average, at larger distances, there
is no major disagreement between the two results, given a rel-
atively large statistical uncertainty. The same holds for the
tail neutral sheet: although different data and mathematical
forms were used by Hammond et al. |994landTsyganenko
et al. U9981, both studies provided nearly the same shapes of
the sheet at X - -25 Rz; in particular, the hinging distance
values were found equal to 8.6 Rg and 8.2 Rg, respectively.

The above described findings imply that the accurate mod-
eling of the Earth's dipole tilt effects should include in a mu-
tually consistent way deformations of both the magnetopause
and the cross-tail current. A simple mathematical technique
was recently developed lTsyganenko, l998al, allowing one

-15
-20 -20

Figure 1. The shapes of the cross-tail current sheet for a tilted geodipole (V = 30"), as derived from the Geotail
and ISEE-1/2 data. Dashed lines show the unshifted position of a model magnetopause, which would imply an
imbalance of the tail lobe magnetic fluxes [Tsyganenko et al., 1998].
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Figure2. Observedcrossingsof themagnetopauseat-40 < X < -20Rs,binnedintothreeintervalsof thedipole
tilt angle, with the elliptical best fit positions of the boundary. The centers of the ellipses (crosses), indicate the
average position of the boundary, which clearly depends on the dipole tilt angle fTsyganenko, l998al.
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to represent the tilt effects by a compact transformation of
the untilted configurations. The deformation method makes
it possible to further improve the models by removing the
currently adopted limitation of axial symmetry and allows
one to take into account not only tilt-related effects, but also
the distant tail flattening due to the IMF-related anisotropy of
the external pressure upon the magnetosphere. More details
of this method are given in the next section.

Another important feature of the magnetopause current,
so far ignored by the existing models, is a pair of indenta-
tions on the dayside, associated with the polar cusps. Their
existence was already predicted in early calculations of the
magnetopause shape le.g., Mead and Beard, 19641, based
on assumption of the pressure balance between a shielded
dipole field and an incoming flow of solar wind particles (the
problem was revisited by Sotirelis |9961 andby Sotirelis and
M eng |999D. As discussed below, taking into account those
indentations results in a significant change of the model field
near the outer cusp; however, because of the limited spatial
extent of the "dimples" and of the cusp-related diamagnetic
currents, their low-latitude effects are small and cause no
major modification in the global field pattern.

Figure 3lTsyganenko and Russell, 19991 shows distribu-
tions of the scalar difference AB between the total field ob-
served by Polar and the one derived from a model [Tsyga-
nenko, 19961, as a function of the angle 0 between the po-
sition of the spacecraft and the solar-magnetic X axis. The
plotscorrespondto arelatively narrowinterval 8 < R < 9 of
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Figure 3. Difference AB between the magnitudes of the field measured by Polar and predicted by T96 model,
plotted as a function of the angular distance from the sunward direction 0, for positive (top) and negative (bottom)
IMF Bz and four intervals ofthe dipole tilt angle (indicated above the plots). Positions and heights of the shaded
strips correspond to average values and rms deviations of AB, respectively, and the intensity of the grey shading is
proportional to the number of l-min averages in each bin of 0, as shown on the densitometer bar on the right. The
plot corresponds to the farthest bin of the radial distance sampled by Polar. Note the depressed field inside the cusp,
as well as a conspicuous positive excursion of AB polarward from the depression, due to enhanced ram pressure of
the magnetosheath plasma flow in that region [Tsyganenko and Russell, 19991.

the radial distance near the Polar apogee andlhetdisplay sep-
arately the profiles of AB for four intervals of the geodipole
tilt angle. A well-pronounced depression, localized around
0 - 60 - 75", is clearly seen in all panels, indicating a sig-
nificantly weaker field in the cusps, than is predicted by the
model, as well as some field compression poleward of the
cusp. The source of that discrepancy is twofold: (i) the ax-
ially symmetric shape of the T96 boundary and, hence, an

underestimate of the field compression near the cusps and
(ii) the absence of the diamagnetic currents associated with
the polar cusps in the T96 model.

Both effects can be taken into account in arelatively simple
way. In the remaining part of this section we concentrate on
modeling the effects of the magnetopause indentations, while
the depression due to the diamagnetic currents is relegated to
a separate section.

The indentations can be introduced as a perturbation of the
initially axisymmetric model magnetopause, assumed to be
an ellipsoid in the cislunar region, smoothly continued by a
cylinderin the distanttail. The unperturbedboundary can be
described as a surface of constant o (X , Y, Z) : oo, where

o:05[

and

o<Titt<15 15<Tilt<35

N=l3171

- e>2 + 12)

1 : (X - Xs)/a -11 r : Jv4 ?/o

(l)



Figure 4. The surface of ot = oe, illustrating the shape of the
model magnetopause with indentations near the cusps. Due to the
tilted dipole, the northern "dimple" is more exposed to the solar
wind and hence deeper than the southern one.

Specifying Xo:5.48Rr', oo : 1.08, and a:70 uniquely
defines an average axisymmetric boundary, similar to that of
Sibeck et al. ll99ll for P : 2 nPa, and these values were
used to approximate the boundary in the data-based model
lTsy ganenko, 199 5, 19961.

The cusp-related indentations on the boundary can be in-
troduced by adding a perturbation to the righthand side of
(1), so that the boundary is defined as a surface ofconstant

ot:otA,o(t,Q)

where

t :0.5[ ,lr, +e>,. u -,F - t',, *] ,t ,

is the second ellipsoidal coordinate, varying from *l at the
subsolar point to 0 in the midtail, where the magnetopause
smoothly joins the cylindrical tail boundary. The latitudinal
position, angular width, and depth of the indentations should
depend on the geodipole tilt angle and on the IMF condi-
tions. A simple way to obtain the desired shift of the cusp
position with the tilt angle is to deform the entire boundary
by imposing a radially-dependent rotation of the coordinates
around the I/ axis fTsyganenko, 1998a]. Namely, we replace
(X, Y, Z) uy (Xl, Y, Z*), where

X*:XcosV*-ZsinV*
'7* 

- 
VL : a sin V* + Zcos V* 

(3)

In addition, the north-south asymmetry of the indentation
depth and its latitudinal width for V I 0 should be raken
into account, as prompted by recent calculations of Sotirelis

(2)
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and Meng [1999]. This can be achieved by modulating the
corresponding indent4tion parameters by the dipole tilt an-
gle. Without entering into further details of the model, we
reproduce in Figure 4 the resultant shape of the boundary as

a 3-D view ofthe surface ot : o0 for V : 30o.
Once the model boundary is analytically described, we

need to develop a mathematical representation of the magne-
topause field, ensuring an accurate confinement ofthe total B
within the surface, for any value of the dipole tilt angle. As
foundin ourearlier works IZsyganenko, 1995, I996, I998a],
a simple and economical way to accurately shield the inter-
nal magnetospheric field is to employ a combination of thb
cartesian "box" potentials, having the form

"*[(; .;).)-'; { :::,"2""\ } r*,

The upper and lower factors in the braces correspond to
two types of symmetry: the terms with sin(Z lq) are for the
untilted magnetosphere, while the terms with cos(Z /q) rcp-
resent the perturbation field, to the lowest order proportional
to the tilt angle V. In fact, as shown in detail by Tsyga-
nenko [1998a], the extended form of the expansion with tilt-
dependent perturbation terms is needed only for the geodipole
shielding field, while contributions of external sources, in-
cluding those of the tail current, can be treated in a much
simpler way. Namely, it suffices to derive the confined tail
field only for the case of zero tilt angle, V : 0. The config-
urations for V I 0 are then easily obtained by imposing a
global deformation ofcoordinates, identical to (3) (so that the
field from all magnetospheric sources be confined within the
same tilt-dependent boundary). More details on the defor-
mation method and examples of the resultant configurations
are given in the next section.

Getting back to the effect of the polar cusp "dimples" on the
magnetopause, the harmonic fields of the type (4) alone were
found to be insufficient to accurately represent the local dis-
turbance of the shielding field, even with many added terms.
An effective remedy was found to add to the harmonic field
(4) the field of four circular current loops, placed in pairs
outside of the model magnetopause near the northern and
southern polar cusps. The radii ofthe loops, their positions,
attitudes, and the electric current magnitudes were parame-
terized as simple analytical functions of the Earth's dipole tilt
angle, taking into account symmetry requirements.

The same form of the shielding field was used for the tail
current terms, although, as explained above, in that case

dipole tilt effects were treated by using the deformation
method. Figure 5 illustrates the separate configurations of the
shielded dipole and tail fields in the noon-midnightmeridian
plane; the shape of the new model magnetopause is shown
by a broken line. The tail field displayed in the right panel of
Figure 5 corresponded to one of the tail "modes" of the T96
model, with its current density peak at X : -ll Ra.
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Figure 5. Configurations of the dipole (left) and of a tail field (right), confined within a model magnetopause.
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The same procedure was used to obtain the shielding fields
of other modes. Plate I shows the result of superposing the
dipole and three tail modes to form a model field line con-
figuration plotted against the color-coded background, dis-
playing the distribution of the scalar difference AB between
the strength of the total model field and that of pure dipole.
Global isointensity maps of A B were first introduced by Sag-
iura et al. ll9-lll for visualizing the magnetospheric field
as measured by OGO-3 spacecraft. They provide a simple
and easy-to-grasp way to illustrate the contribution of exter-
nal current systems to the total observed and/or model mag-
netic field. In particular, a near-Earth depression due to the
ring current is clearly visible at low latitudes on the night-
side, while on the dayside it is greatly reduced by the much
larger positive contribution from the dayside magnetopause
currents. Another region of a strongly depressed field is near

the polar cusps. In this model calculation, the polar cusp

depression was produced by another variant of the deforma-
tion method, described in more detail below. Note that the
configuration in the figure does not correspond to any spe-

cific condition in the solar wind, nor was it fitted to any data
set; the only purpose of the plot was to illustrate the great
flexibility of the newly developed modeling methods.

The total field in Plate I includes an interplanetary mag-
netic field which interconnects with the magnetospheric field
across the boundary. It is worthwhile to describe how this
kind of model takes the IMF into account and how the tran-
sition from the magnetosphere to the interplanetary medium
is modeled across the boundary, the more so because none
of the previous publication s lT sy ganenko, 199 5, 1 9961 gave

any details on that subject.
The main idea is to mathematically decouple the descrip-

tion of the relatively strong internal fields (like those of the

cross-tail current or the geodipole) from the weak field pen-

etrating from the outside and topologically connected with

the IMF. This can be achieved in two steps. First, we need to

fully shield the field of all internal sources within the model

boundary. The harmonic field derived from the potentials (4)
is continuous in all of space and, hence, in order to cancel

the total model field outside the magnetosphere, one needs

to multiply it by a factor /, equal to unity inside the magne-

topause and to zero outside it:

For the sake of computational feasibility (e.g., for tracing
field lines across the magnetopause), it is more practical to

define a boundary with a finite thickness, which can be easily

achieved by introducing instead of the step function (5) a

smooth variation of the factor f between I and 0 over a fixed
distance 6o. In the T96 model, a relatively large value 0.01

was chosen for do, which corresponded to a magnetopause

thickness ofry 0.7Rr atthe subsolarpointand ry l.8Rr near

the Moon's orbit.
Since the total field, by construction, is tangential to the

boundary, multiplying B by "f does not violate Maxwell's
equations [e.g., Stern, 1994]. Indeed, V'(/B): /V 'B+
B.V"f , where not only the first, but also the last term in
the righthand side is zero (f is constant on the boundary

and, hence, V/ is normal to it). From the computational
viewpoint, the factor / also poses no problem, since the

model magnetopause ot :o0 is explicitly given by equations
(l)-(4).

The second and final step is to "open up" the closedmodel
magnetosphere by adding to it a relatively small current-
free "interconnection field" [Toffoletto and Fftl/, 1989] with
a specified distribution of B, on the boundary, controlled by

(s),-[ t o'<oo,-lO o,>oo
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Plate 1. A model magnetic field configuration with a southward IMF, displayed against the color-coded distribution
of AB: lB^oal- lB7;rl. Noteastronglydepressedfieldinthepolarcusps,modeledusingthedeformationmethod
lTsyganenko and Russell, 19991.
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the magnitude and orientation of the IMF in the upstream so-

lar wind flow Inside the magnetosphere, the interconnection
field can be represented by the same "box" harmonic poten-

tials (4), whose parameters are fitted to provide a required
distribution of Bn on the magnetopause. In the T96 model

fTsyganenko, 19961, B" was specified by assuming a field
By5 in the magnetosheath as a vector, proportional to the
observed transverse part of the tMF, By * 8., whose magni-
tude peaked near the subsolar point and gradually decreased

tailward. The interconnection rate was quantified by a fac-
tor ft, giving the fraction of By5 that penetrates inside the

boundary, and derived from fitting the model field to a large

set of data. Although the fitting provided generally reason-

able values of the factor ft, they varied over a wide interval
(between 0.2 and 0.8) and were found lTsyganenko, l998bl
to critically depend on the shape of the magnetopause, which
is also controlled by the IMF orientation. Further studies in
that area are needed, with more data from high latitudes.

3. THE DEFORMATION METHOD INMODELING
THE TAIL AND CUSP ELECTRIC CURRENTS

In contrast to the sources of Earth's main field, magneto-

spheric currents have acomplex spatial structure, vary rapidly
in time, and extend to large distances. As already noted, their
modeling is complicated by the tilt of the geodipole axis,

whichresults in asymmetrical boundaries aird warped current
sheets. Realistic models of the cross-tail current sheet should
take into account its variable thickness, temporal changes in
the tailward gradient of the electric current density, and the

variable shape of the boundary confining the tail field inside
the lobes. All these requirements should be met with a rea-

sonable mathematical simplicity.
A convenient approach is to represent the tail current as

a superposition of several culrent sheets of finite thickness,

each with a different scale of the tailward variation of the elec-
tric current density fTsyganenko, 1987, 1989; Tsyganenko

and Peredo, 19941. The magnetic field from each current
sheet is matched by a shielding field, so that the total field
of each of the partial "modules" is confined (as in Figure 5)

within a conimon boundary. Combining these modules with
different amplitude coefficients allows a great flexibility in
fitting the total field to the data lTsyganenko, 1995,19961.

Modeling the effects of the dipole tilt and of the IMF upon

the tail structure is greatly facilitated by applying deforma-

tions to the originally symmetric configurations. The essence

of the method, as proposed by Stern [987], is to replace the

original coordinates {f, g , hl in the Euler potential represen-
tation of the field

B : Vcv(/, g, h) x v Fff, e, h) (6)

by modified ones, {{, 4, (}. The new magnetic field can be

viewed as a deformation of the old one, and it can be shown

that there is no need to know the Euler potentials themselves,
since the components of the deformed field can be explic-
itly related to those of the undeformed field. A systematic
description of the method and its specific applications to the
modeling can be found elsewhere fTsyganenko, 1998a1. Fig-
ure 6, reproduced from that paper, shows the effects ofthe tilt-
related warping and IMF-induced twisting of the tail current
sheet, simulated by applying a transformation of the angular
coordinate Q : tan Z /Y . T\e twisting effect is observed
in the tail magnetic field data, as was demonstrated by Kay-
maz et al. [ 1995], using IMP-8 data, and by Tsyganenko et aI.

[ 1998] on the basis of Geotail observations in a wide range of
tailward distances. MHD simulations of White et al. |998)
have demonstrated the formation of the S-shaped structure of
the tail current, similar to that shown in Figure 6, under the
influence of the azimuthal component of the IMF.

Another simple use of the deformation method (still to be

implemented) allows one to model the flattening of the deep

tail under the influence of the anisotropic external pressure

due to the IMF draping around the tail boundary.
The deformation method is also ideally suited for model-

ing the polar cusp magnetic effects due to the diamagnetism
of the injected magnetosheath plasma, already discussed in
the preceding section. The idea behind the method fTsyga-
nenko and Russell, 19991 is to introduce a local rarefaction of
the magnetic flux inside field line tubes containing the north-
ern and southern polar cusps. This effect can be achieved

by a local stretching in a direction approximately orthogo-
nal to the magnetic field. The desired transformation can be

conveniently performed in cylindrical coordinates lp, Q, Y\,
where the Y-axis coincides with the solar magnetic Ysu,
and the coordinate being deformed is the azimuthal angle p,
corresponding to rotation around that axis. Leaving out the

details, the final result of modeling the effect of the cusp cur-

rents appears in Plate I as a deep and narrow field depression,

especially conspicuous in the northern cusp due to its greater

exposure to the solar wind.

4. CONCLUSIONS

This brief review cannot provide a comprehensive cover-
age of all aspects of data-based modeling. Instead, atten-
tion was given to new methods of realistically representing
the structure of the magnetospheric currents, and many im-
portant questions were left out, including data assimilation
techniques and the response of the model electric currents to
changing solar wind and magnetospheric conditions. Based

on the recent advances and the continuing inflow of new ISTP
data, one can expect significant further progress. Future work
will focus on the development of dynamical models, includ-
ing the substorm reconfiguration ofthe near-Earth field, on a
variable solar-wind controlled magnetopause with a changing
rate of interconnection with the IMF, on dynamical variations
of the Birkeland currents and polar cusps, and on a realistic
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ring current model, taking into account storm-time changes

of its amplitude, size, and local time asymmetry.
One can expect a major advance in the magnetospheric

models following the launch of the "Magnetospheric Con-
stellation" mission scheduled for the next decade. The ex-
isting data-based modeling techniques are perfectly suited
for reconstructing the instantaneous configuration of mag-
netospheric currents from simultaneous data of tens (maybe

hundreds) of flying space magnetometers, dispersed over a
vast volume of space fTsyganenlco, l998cl. Combined with
simultaneous monitoring of the solar wind, this should al-
low one to trace and understand the actual impact of varying
interplanetary conditions upon the magnetic environment of
our planet.
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