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Abstract. A model of the magnetosheath structure
proposed in a recent paper from the authors is extended
to estimate the magnetopause stand-o� distance from
solar wind data. For this purpose, the relationship of the
magnetopause location to the magnetosheath and solar
wind parameters is studied. It is shown that magneto-
pause erosion may be explained in terms of the
magnetosheath magnetic ®eld penetration into the
magnetosphere. The coe�cient of penetration (the ratio
of the magnetospheric magnetic ®eld depression to the
intensity of the magnetosheath magnetic ®eld
Bm?z � ÿBm sin

2 H=2, is estimated and found approxi-
mately to equal 1. It is shown that having combined a
magnetosheath model presented in an earlier paper and
the magnetosheath ®eld penetration model presented in
this paper, it is possible to predict the magnetopause
stand-o� distance from solar wind parameters.
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1 Introduction

In a recent paper (Pudovkin et al., 1995) the authors
proposed a model of the magnetosheath structure which
in particular allows one to estimate the intensity of the
magnetic ®eld at the magnetopause.

Knowing the magnetosheath parameters in the
vicinity of the magnetopause, one can calculate its
stand-o� distance, thereby transfer from relative spatial
coordinates to absolute ones, and essentially advance
the model.

On the other hand, the problem of the location of the
magnetopause is interesting in itself and has attracted the
attention of geophysicists for many years. First of all, this
distance may be considered as a natural scale length
determining the structure of the magnetosphere. On the
other hand, the magnetopause position depends on
peculiarities of solar wind ± magnetosphere interaction
processes andhence bears information on these processes.

The ®rst estimate of the magnetopause location was
obtained by Chapman and Ferraro (1931) from a simple
model consideration. More sophisticated models by
Spreiter and Briggs (1962) and Mead (1964) based on
numerical modelling extended the results by Chapman
and Ferraro for a three-dimensional case and permitted
the authors to obtain the shape of the dayside magne-
topause.

According to the Mead (1964) model, the geocentric
distance of the subsolar magnetopause equals

r0 � f 2M2
E

8kpnmpv2

� �1=6

; �1�

where ME is the magnetic momentum of the Earth
dipole and mp is the proton mass; f determines the
ampli®cation of the terrestrial magnetic dipole ®eld by
magnetopause currents (in the ¯at model by Chapman
and Ferraro f � 2; in the three-dimensional model by
Mead f � 2:44); the parameter k depends on the
character of the interaction of the solar wind particles
with the magnetopause, and according to Spreiter
et al. (1968), k � 0:88.

Later, Aubry et al. (1970) showed that for a given
solar wind pressure, a southward turning of the inter-
planetary magnetic ®eld (IMF) causes an Earthward
motion of the magnetopause. This result was later
con®rmed by Fair®eld (1971), Maezawa (1974), Petri-
nec et al. (1991), Sibeck et al. (1991), and Tsyganenko
and Sibeck (1994), who showed that during periods of
southward IMF, the magnetopause is 0.5±1.5 RE closer
to the Earth than during periods of northward IMF. A
close correlation between the magnetopause stand-o�
distance and the intensity of the IMF Bz-component was
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revealed by Sibeck et al. (1991) and Petrinec and Rus-
sell (1993).

Thus, the Earthward displacement of the dayside
magnetopause during southward IMF periods and its
relationship with the Z-component of the IMF are
surely revealed by experimental data. What concerns the
nature of that phenomenon, it is as yet not quite
understood.

Kovner and Feldstein (1973) interpreted the Earth-
ward displacement of the magnetopause as a result of the
magnetosheath magnetic ®eld penetration into the mag-
netosphere. Their hypothesis was con®rmed by the fact
that the magnetospheric magnetic ®eld as measured in
the vicinity of the subsolar point di�ered from the value
of the ®eld calculated in the frame of the Mead model by
the value of the magnetosheath magnetic ®eld. However,
they have analyzed data of three crossings only, so that
their result seems to be rather dubious from the statistical
viewpoint. Their hypothesis was later developed further
by Pudovkin (1982) and Pudovkin et al. (1984). In their
model, the sheath magnetic ®eld penetration into the
magnetosphere was supposed to be associated with
magnetic ®eld reconnection at the magnetopause, so
that only the ®eld component perpendicular to the
merging line could enter the magnetosphere.

The results obtained agreed with experimental data
and seemed to con®rm the Kovner and Feldstein (1973)
hypothesis. However, the amount of experimental data
used in their analysis was rather small. Besides, the
mechanism of the sheath magnetic ®eld penetration into
the dayside magnetosphere was not speci®ed in those
papers. In subsequent papers by Pudovkin et al.
(1986a, b) it was supposed that the magnetosheath
magnetic ®eld penetration associated with reconnection
is caused by the disruption of the magnetopause electric
currents and their diversion into the ionosphere along
geomagnetic ®eld lines, resulting in the formation of a
Birkeland current loop of the McPherron et al. (1973)
type in the dayside cusp region.

The ®eld penetration model was criticized by Sibeck
et al. (1991) on the basis that in contrast to the
magnetosheath ®eld, the much stronger northward
magnetospheric ®eld is prohibited from penetrating
outward to produce a northward magnetosheath mag-
netic ®eld. However, this criticism seems to concern the
®eld penetration model in its primary, 25-year-old form,
and does not take into account its real physical meaning.

An apparently di�erent explanation of the dayside
magnetopause erosion was proposed by Holzer and
Slavin (1978, 1979). According to their model, the most
likely mechanism of that erosion is the transfer of the
magnetic ¯ux from the dayside magnetosphere to the
magnetotail through the reconnection process, the
contraction or expansion of the magnetopause being
determined by the imbalance of the reconnection rate at
the dayside magnetopause and in the magnetotail.
Experimental data presented by the authors convinc-
ingly con®rm the model. A similar model was later
proposed by Petrinec and Russell (1993).

However, a new equilibrium location of the magne-
topause which has to be settled after a southward turn

of the IMF at the moment when the reconnection rate at
the magnetopause and in the magnetotail balance each
other, has not been considered by the authors. This may
be explained in part by the fact that Holzer and Slavin
(1978, 1979) do not specify the magnetospheric current
system which is responsible for the magnetic ®eld
depression in the dayside magnetosphere in their model,
while the current system proposed earlier by Holzer and
Reid (1975) and by Reid and Holzer (1975) seems to be
rather unrealistic.

Sibeck et al. (1991) proposed a model in which the
erosion of the dayside magnetosphere is explained by the
e�ect of a Birkeland current loop in the cusp region. By
its physical content, this model seems to coincide with
that proposed by Pudovkin et al. (1986a, b). In this
connection, a conclusion by Tsyganenko and Si-
beck (1994) that ``the decrease in the outer magneto-
sphere magnetic ®eld and pressure should be attributed
to variations of magnetospheric currents rather than to
a penetrating IMF'' seems to be based on a di�erence in
terminology rather than physical ideas. It is obvious that
any change of the magnetic ®eld may be caused only by
the variation of some current system, and we use the
term ``penetration'' only to prolong a tradition and to
emphasize a close quantitative relationship between the
intensity of the magnetospheric magnetic ®eld depres-
sion and the magnetosheath magnetic ®eld.

Tsyganenko and Sibeck (1994) have studied this
problem in detail. In particular, they have accurately
calculated the magnetic ®eld produced by Birkeland
currents observed in the dayside cusp region and by
cross-tail currents. As a result, they have shown that the
Earthward displacement of the dayside magnetopause
observed during southward IMF periods may really be
explained by the depression of the magnetospheric
magnetic ®eld produced by those two current systems.

Sibeck et al. (1991) studied the relationship between
the cusp Birkeland current loop intensity and the IMF
Bz-component and obtained corresponding regression
coe�cients. This may be greatly useful for prediction of
the magnetopause stand-o� distance from solar wind
data. At the same time, the magnetic ®eld reconnection
process (including the generation of Birkeland currents)
is determined by local magnetic ®eld and plasma
parameters. In this connection, we shall try in this
paper, ®rst of all, to reveal a dependence of the
magnetopause stand-o� distance on the magnetosheath
magnetic ®eld intensity and direction, then to estimate
the magnetospheric magnetic ®eld depression intensity
and to ®nd a relationship with various components of
the magnetosheath magnetic ®eld. Then, using the
model by Pudovkin et al. (1995), we shall try to relate
the magnetopause stand-o� distance to the solar wind
parameters in front of the bow shock.

2 Model

Following the arguments of the preceding section, we
shall suppose that the magnetic ®eld reconnection
process developing at the magnetopause during south-
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ward IMF periods causes a diversion of a part of the
magnetopause currents from the magnetopause to the
ionosphere, producing a huge Birkeland current loop of
the McPherron et al. (1973) type.

In the vicinity of the subsolar point, the magnetic
®eld of these currents is directed southward as in the
magnetosheath, which allows it to be considered, after
Kovner and Feldstein (1973), in terms of a partial
penetration of the magnetosheath magnetic ®eld (the
component perpendicular to the reconnection line) into
the dayside magnetosphere.

The pressure balance at the dayside magnetopause
may be written as (Pudovkin et al., 1984):

P0 � B2
0i

8p
� 1

8p
2:44 �M 0

E

r30
� dBz

� �2
�dB2

y

( )
; �2�

where P0 is the sum of the plasma and magnetic ®eld
pressure in the magnetosheath, B0i is the magnetospheric
magnetic ®eld in the vicinity of the subsolar point; dB is
the intensity of the penetrating magnetic ®eld; r0 is the
magnetopause stand-o� distance, and M

0
E � ME �MDR

is the sum of the Earth's dipole and DR-current
momenta (Schield, 1969a, b).

Concerning the left-hand side of Eq. (2), it may be
shown that P0 � Pd � PT � PB � Pdw, where Pdw �
nwmpv2w is the dynamic pressure of the solar wind
(Pudovkin et al., 1982).

Let Bm be the magnetosheath magnetic ®eld andH the
angle between Bm and the Z-axis of the GSM coordinate
system (Fig. 1). The angle between the reconnection line
and the Z-axis equals approximately H=2 (Yeh, 1976).
Then the Bm component perpendicular to the merging
line equals Bm? � Bm sinH=2; the Y - and Z-components
of the magnetic ®eld supposed to penetrate into the
magnetosphere equal, correspondingly:

Bm?y � aBm � sinH
2
cos

H
2
� a
2

Bm sinH;

Bm?z �ÿ aBm � sinH
2
sin

H
2

;

�3�

where a is the coe�cient of penetration, which has to be
determined later.

It is seen from Eq. (3) that the Z-component of the
penetrating magnetic ®eld is always negative, regardless
of the sign of the Z-component of the magnetosheath
magnetic ®eld, and tends to zero as H! 0.

Having substituted Eq. (3) into Eq. (2), one obtains:

r0 � 2:44 �M 0
E���������������������������������������

8pPd ÿ a2
4 B2

m sin
2 H

q
� aBm � sin2 H

2

� �
8>><>>:

9>>=>>;
1=3

:

�4�
The last expression shows that the stand-o� distance

has a maximum at H � 0 and decreases with increasing
H. The rate of r0 decrease depends on the value of the
penetration parameter a, which allows one to obtain
that value by comparing experimental and model data.

3 Experimental data and analysis

According to Aubry et al. (1970), the magnetopause
may be moving Earthward 1±2 h after the IMF
southward turning. Therefore, to study the relationship
between the magnetopause location and solar wind
parameters, only those magnetopause crossings may be
used which take place during relatively stable solar wind
conditions. In this connection, for the analysis we
selected 33 such events when the di�erence of the hourly
mean values of the Y - and Z-components of the IMF at
the time of the crossing and 1 h before the crossing did
not exceed 4 nT. And to eliminate dependence on the
location of spacecraft within the magnetosheath, we
used data obtained immediately upstream of the mag-
netopause in the vicinity of the subsolar point
(u � 30�; 09 � MLT � 15 h).

Table 1 presents the date and universal time of the
crossing; the magnetopause stand-o� distance r0exp (in
Earth radii), the solar wind dynamic pressure Pd (in dyn
cmÿ2), the angles Hw in the solar wind and Hm in the
magnetosheath, the intensity of the magnetosheath
magnetic ®eld Bmexp (in nT), its Z-component (Bmz),
the Z-component of the outer magnetospheric magnetic
®eld (Biz) and the magnetosheath magnetic ®eld in the
magnetopause vicinity Bmth calculated according to the
Pudovkin et al. (1995) model, respectively.

Concerning the values of H, we have to notice the
following. Most of the crossings listed in the table are
picked up from the literature [the corresponding refer-
ences are given in papers by Pudovkin (1982) and
Pudovkin et al. (1995)]. For some of the published
crossings, not all the necessary data were given. In
particular, in many cases information on the direction of
the magnetosheath magnetic ®eld was not available.

Fig. 1. Sketch for the calculation of the penetrating magnetic ®eld
components
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Because of that and to make the set of data on the H
angle more homogeneous, we listed values of the H
angle within the solar wind (after King 1977,
1979, 1986) instead of the angle H in the magnetosheath
in Table 1. The regression analysis of data presented
shows that the values of Hm are related to the values of
Hw by the equality: Hm � ÿ8 � � 1:05Hw; this allows us
to hope that the error associated with the substitution of
Hw is not too large.

Besides, for the crossing on 14 January 1967, only
data on the Z-component of the magnetosheath mag-
netic ®eld are available. However, as the angle H in this
case is relatively large (H � ÿ154�) we use this value
also as the Bm.

As is seen from the table, the entire set of data
includes crossings with jHj varying from 30� to 170�, Pd
varying from 10ÿ8 to 10ÿ7 dyn cmÿ2, and r0 from 6.6 to
13:7RE.

Of course, the amount of data used for the analysis is
limited. Nevertheless, we shall try to show that the main
regularities of the r0 behavior in dependence on the
pressure Pd and the angle H agree with known ones,
which allows us to consider the data set given in the
table as su�ciently representative.

The scatter plot of r0exp versus �Pd�1=6 is shown in
Fig. 2; the crossings corresponding to northward IMF

(jHj < 70�) are marked by open circles; those with
southward IMF (jHj � 110�) are marked by solid
circles, and crossings with intermediate angles H are
marked by crosses. The solid and dashed lines represent
the linear regression lines for crossings with southward
and northward IMF, respectively.

Table 1. List of magnetopause crossings

N date UT r0exp Pd � 108 Hw Hm Bmexp Bmz Bzi Bmth
RE dyn cmÿ2 deg. deg. nT nT nT nT

1 14.01.67 1:13 6.6 10.5 )154 111 )111 171 110
2 09.03.74 2:52 9.6 3.5 )149 )190 55 )54 65 40
3 17.03.74 11:16 11.2 2.3 31 30 60 52 60 46
4 05.11.77 17:15 11.7 1.6 68 47 34 23 46 30
5 24.11.77 19:36 12.2 1.1 28 3 16 16 40 15
6 15.08.78 07:14 13.7 1 )72 20 12
7 22.08.78 09:07 11.3 2.3 )58 29 31
8 27.08.78 02:46 9.8 2.3 92 78 27 5 44 27
9 29.08.78 02:17 10 2.8 )128 43 48
10 03.09.78 07:21 10.5 1.9 141 28 32
11 05.09.78 16:12 10.1 1.8 136 119 29 )13 33 42
12 08.09.78 00:43 8.7 2.3 149 134 54 )35 54 79
13 10.09.78 10:51 10 2.6 )74 )43 53 21 50 47
14 12.09.78 19:56 9.6 2.7 124 117 37 )16 30 53
15 15.09.78 06:56 11.5 1.5 79 35 27
16 08.10.78 18:28 9.5 3.5 67 19 15
17 11.10.78 02:37 11.1 1.6 )60 41 33
18 15.10.78 21:49 10.6 1.8 108 27 16
19 01.11.78 15:21 10.9 2.4 28 66 20 8 75 26
20 15.11.78 21:52 11.4 2.2 97 68 22 6 49 29
21 25.11.78 14:14 6.9 6.9 175 174 98 )94 83 77
22 08.09.79 18:31 10.2 1.9 109 110 32 )10 37 33
23 11.09.79 04:11 10.6 2.2 123 132 46 )31 52 52
24 15.09.79 22:04 9.4 4.1 )67 )113 26 )9 50 29
25 04.11.79 16:38 11.2 1.8 150 158 30 )27 52 36
26 29.08.80 22:29 10.7 2 )110 )142 44 )33 50 44
27 01.09.80 07:53 10.7 2.7 )40 )8 15 14 66 16
28 08.09.80 11:34 10.2 2 141 153 27 )23 58 32
29 13.09.80 06:31 10.4 1.6 169 174 53 )50 44 61
30 15.09.80 16:25 11.1 1.3 )107 )148 29 )24 36 28
31 18.09.80 02:15 11.6 1.8 )41 )71 30 10 54 20
32 27.09.80 14:02 9.4 3.7 )164 )126 15 )8 60 15
33 06.11.80 20:29 9.8 2.6 )79 )162 38 )32 52 37

Fig. 2. Scatter plot of observed magnetopause stand-o� distances
versus (Pd )

1=6 for crossings with northward (open circles), intermediate
(crosses), and southward (®lled circles) IMF. Dashed and solid lines
represent linear regression lines for crossings with northward and
southward IMF orientation, respectively
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One can see in the ®gure a rather close relationship
between r0 and �Pd�1=6 (coe�cient of correlation equals
0:88 for the entire set of data), and the slope agrees with
that obtained by Sibeck et al. (1991). Besides, it is seen
that stand-o� distances for the crossings with southward
IMF are systematically less than those with northward
IMF by approximately 1RE, which also agrees with
results by Fair®eld (1971), Maezawa (1974), Sibeck
et al. (1991), Petrinec et al. (1991), and Petrinec and
Russell (1993). Thus, the set of data listed in the table is
characterized by the same regularities as those obtained
earlier in many studies, which permits us to consider it
as su�ciently representative and to use it in the further
analysis.

First of all we have to ®nd the value of the Earth's
e�ective magnetic momentum M

0
E. For this purpose, we

selected crossings with jHj � 60�, and using Eq. (1) we
obtained: M

0
E=k � 11:2 � 1025G � cm3, which results in

M
0
E � 9:85 � 1025G � cm3 � 1:22 ME, with k � 0:88 after

Spreiter et al. (1968); the derived value is su�ciently
close to that obtained by Schield (1969b):
M
0
E � 1:25 ME.
According to Stern (1985), M

0
E is independent of the

solar wind pressure Pd ; according to Petrinec and
Russell (1993), M

0
E does not depend on the DR-current

intensity either; therefore, we shall suppose M
0
E to be

constant for all the crossings.
Having substituted the obtained value of M

0
E into

Eq. (1), one may calculate the values of the stand-o�
distance according to the Mead model (r0M ) for all the
crossings under consideration. The results of this calcu-
lation are presented in Fig. 3, in which r0M values are
given versus experimental values r0exp by open circles. As
is seen in the ®gure, in spite of a close correlation
between the parameters, the r0exp values prove to be less
than the r0M values, especially in the case of small r0exp.
We shall try to explain this disagreement later on by the

in¯uence of the magnetosheath magnetic ®eld penetra-
tion into the magnetosphere.

In order to study the in¯uence of the IMF on the
magnetopause location, one has to eliminate the well-
known dependence of r0 on the solar wind pressure. For
this purpose we shall later on normalize all the measured
values of r0 by the values of r0M calculated according to
the Mead model, as in Pudovkin (1982). For the
crossings under consideration, the ratio of
R0exp � rexp=r0M varies in a rather wide range from 0:76
to 1:09, and as the in¯uence of the solar wind dynamic
pressure is eliminated in the values of R0exp, this scatter
of observed stand-o� distances seems to be caused by
the magnetosheath magnetic ®eld penetrating into the
magnetosphere.

To con®rm this supposition, we calculated according
to Eqs. (4) and (1) the normalized values of the model
stand-o� distances R0th � r0th=r0M for various values of
the parameter a, and then studied the correlation
between the R0exp and R0th.

As a linear regression analysis shows, the coe�cient
of correlation between the model and experimental
values of R0 � r=r0M does not practically depend on the
value of a. At the same time, the regression coe�cients A
and C (R0exp � A� C � R0th) are very sensitive to the
value of a (Fig. 4).

One can deduce from Fig. 4 that the regression
coe�cients C � 1 and A � 0 for a � 1; this means that
the experimental and model values of R0 coincide in the
case when the magnetosheath magnetic ®eld component
perpendicular to the reconnection line totally penetrates
into the dayside magnetosphere (or, in other words, the
intensity of the magnetic ®eld produced in the vicinity of
the subsolar point by the three-dimensional current
system existing in the cusp region equals the value of
Bm?zLF ).

Fig. 3. Scatter plot of magnetopause stand-o� distances calculated
according to the Mead model (open circles) and the proposed model
in this paper (®lled circles). Thin lines represent linear regression lines

Fig. 4. Linear regression coe�cients describing the relationship
between R0exp and R0th values for di�erent a
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And indeed, the scatter plot of R0exp versus
R0th�a � 1� given in Fig. 5, illustrates a su�ciently close
correlation between them (r � 0:73).

If the model is correct, and the magnetosheath
magnetic ®eld really penetrates into the dayside magne-
tosphere, the magnetospheric magnetic ®eld measured in
the vicinity of the subsolar point has to di�er from that
calculated in frame of the Mead model by the value of
Bm? (Kovner and Feldstein, 1973; Pudovkin, 1982).

To check this supposition, we calculated the values of
the Z-component of the magnetosheath magnetic ®eld
perpendicular to the reconnection line:
Bmz � ÿBm sin

2 H=2, as well as the di�erences between
the observed values of the magnetospheric magnetic
®eld and those calculated according to the Mead model:
dBz � Biz ÿ BzM . The scatter plot of dBz values versus
Bm?z values is given in Fig. 6a.

One can see in the ®gure that the values of dBz closely
correlate with the values of the penetrating magneto-

sheath magnetic ®eld (r � 0:85). At the same time, the
®gure shows that the absolute values of the ``observed''
dBz are approximately twice as large as the magneto-
sheath magnetic ®eld. This means that either the
intensity of the penetrating magnetic ®eld is really larger
than the intensity of the magnetosheath magnetic ®eld
(e.g., a � 1:5), or the values of the Mead magnetic ®eld
are overstated, especially in cases of small r0.

The ®rst supposition seems to contradict the data
presented in Fig. 4. Thus, let us consider the second
possibility. As already mentioned, Petrinec and Rus-
sell (1993) have shown that for an average value of the
solar wind pressure, the magnetopause stand-o� dis-
tance does not depend on the Dst-®eld intensity, which
supposes the magnetic momentum of the DR-currents
to be independent of their intensity. This may be
explained by a decrease in the mean radius of DR-
currents associated with the increase in their intensity, so
that their momentum MDR � IDR � r2DR remains constant.
However, this situation takes place only under mean
conditions; when the solar wind pressure increases to
such values that the magnetopause stand-o� distance
decreases to 6±7RE, the radius of the DR-currents has
also to decrease, which would result in decrease in their
magnetic momentum.
In this connection we shall now suppose, in contrast to
our previous consideration, that M

0
E=k in Eq. (4) equals

11:2 � 1025G � cm3 only when the solar wind pressure
varies around its mean value of 2 � 10ÿ8 dyn cmÿ2, and
essentially decreases when Pd rises to approximately
10ÿ7 dyn cmÿ2. The functional form of that dependence
is not known, and we shall suppose, quite arbitrarily,
only to show the general trend of M

0
E decrease with Pd

increase, that it takes a form of

M
0
E�Pd�
k

�
h
8:1� 3:1 � exp

� 10ÿ8 ÿ Pd

3 � 10ÿ8
�i
� 1025G � cm3 :

�5�
By using the M

0
E�Pd� values given by Eq. (5), one can

recalculate the values of r0M and afterwards the values of
BzM �Pd� and dBz�Pd�. The result of the calculations isFig. 5. Scatter plot of R0exp versus R0th values for a � 1

Fig. 6a, b. Scatter plots of dBz versus Bmz values. a dBz � Biz ÿ BzM . b dBz � Biz ÿ BzM �Pd�
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presented in Fig. 6b. As is seen in this ®gure, experi-
mental and model values of dBz coincide much closer
than in Fig. 6a, which seems to con®rm the supposition
regarding the dependence of the DR-current magnetic
momentum on the value of the solar wind dynamic
pressure.

In the preceding consideration we supposed, after
Pudovkin et al. (1984), that it is the magnetosheath
magnetic ®eld component perpendicular to the merging
line that penetrates into the dayside magnetosphere and
causes the erosion of the magnetopause. In contrast to
this, Sibeck et al. (1991) and Petrinec and Russell (1993)
suggest that the intensity of the cusp-region Birkeland
currents and the magnetopause erosion are determined
by the Z-component of the solar wind (and hence of the
magnetosheath) magnetic ®eld.

In this connection, there are shown in Fig. 7a values
of the magnetospheric magnetic ®eld depression dBz
versus the Z-component of the magnetosheath magnetic
®eld. The correlation between the compared values is
seen to decrease in this case: the coe�cient of correlation
equals r � 0:73 compared to r � 0:85 in Fig. 6a.
Especially obvious disagreement between the experi-
mental and model data is observed for northward IMF
when Bmz is positive and dBz negative. This disagreement
vanishes when the model values of the penetrating
magnetic ®eld are calculated according to Eq. (3).

In Fig. 7b the values of dBz versus Bmz are presented
for the case when the magnetospheric ®eld intensity is
calculated according to the Mead formula with M

0
E

depending on the solar wind dynamic pressure [Eq. (5)].
As is seen from the ®gure, the correlation between dBz
and Bmz in this case is better than in Fig. 7a. However,
the disagreement between the observed and model
values of the magnetospheric magnetic ®eld for
Bmz > 0 still exists. This leads us to believe that it is
the magnetosheath magnetic ®eld component perpen-
dicular to the reconnection line rather than its
Z-component that in¯uences the intensity of the Birke-
land current loop in the dayside cusp region.

To obtain agreement between the model predictions
and the experimental data, we had to suppose the

Earth's e�ective momentum M
0
E to decrease with the

increase of the solar wind dynamic pressure. However, if
this supposition is correct, the normalizing factor r0M in
all the foregoing calculations is changing, and our
conclusion on the value of the coe�cient of penetration
a may now be incorrect.

In this connection, we have repeated the regression
analysis with new values of r0M for the same values of a
as in Fig. 4, and found that the coe�cient C is close to 1
and A is close to zero in the case when a � 1, as in our
earlier calculations.

The scatter plot of experimental values of the
magnetopause stand-o� distance versus the model ones
(r0th) with M

0
E given by Eq. (5) and a � 1 is presented in

Fig. 3 by solid circles. As is seen in the ®gure, the
di�erence between the measured and model values of the
stand-o� distances at small r0 has now disappeared,
which con®rms the model under consideration.

The data presented permit us to consider the model
of the magnetopause erosion formulated in terms of the
magnetosheath magnetic ®eld penetration into the
magnetosphere as quite adequate, and to accept
Eq. (4) to predict the magnetopause stand-o� distance.

However, the use of the magnetosheath magnetic
®eld for the calculation of the value of r0 is useless from
the practical point of view, because when Bm is known,
r0 is known too. In this connection, we will use now the
results of the model by Pudovkin et al. (1995), which
allows us to obtain values of Bm from solar wind data:
vw; nw; BT , and Hw.

The values of Bm calculated according to that model
(Bmth) are given in the last column of Table 1. Having
substituted the Bm values in Eq. (4) by Bmth, one may
calculate the magnetopause stand-o� distance directly
from the solar wind parameters (r0sw). As in the
preceding analysis, all the values were normalized by
the values of r0 calculated according to the Mead model
with M

0
E given by Eq. (5), and the results are presented

in Fig. 8, where the values of R0exp are given versus the
values of R0sw � r0sw=r0M . It is seen from the ®gure that
the correlation between the experimental and model
data is approximately the same as in Fig. 5 (r � 0:73).

Fig. 7a,b. Scatter plots of dBz versus Bm?z values. a dBz � Biz ÿ Bzm. b dBz � Biz ÿ Bzm�Pd�
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So, we may hope that the stand-o� distance values
predicted from the solar wind data (r0sw) in accordance
with our model will also correlate with experimental
ones su�ciently well.

And indeed, one can see in Fig. 9, where values of
r0exp are given versus values of r0sw a su�ciently close
correlation between experimental and theoretical data
(r � 0:93) with the slope coe�cient being close to 1.

4 Conclusions

Correlation studies of the type presented were carried
out earlier by Holzer and Slavin (1978, 1979), Pudovkin
(1982), Pudovkin et al. (1984), Sibeck et al. (1991), and
Petrinec and Russell (1993). They showed that the
magnetopause location is determined by the intensity of
the southern component of the IMF, and that the
magnetopause erosion is caused by the transfer of the
magnetic ¯ux from the dayside magnetosphere into the
magnetotail. In this paper, we have tried to follow the
entire chain of processes in the magnetosheath and in

the dayside magnetosphere which result in the Earth-
ward displacement of the magnetopause during the
periods of a southward IMF. So, ®rst of all we have
considered the magnetopause location and the intensity
of the magnetospheric magnetic ®eld depression in
dependence on the magnetosheath magnetic ®eld. This
allowed us to estimate the intensity of the magnetic ®eld
produced by the Birkeland current loop in the cusp
region in the magnetosphere.

The intensity and orientation of the magnetosheath
magnetic ®eld are determined by the parameters of the
solar wind in front of the bow shock. A model by
Pudovkin et al. (1982, 1995) allows one to calculate the
magnetosheath magnetic ®eld from the solar wind
parameters. It has to be noted that according to the
model, the value of Bm depends not only on the IMF
intensity and orientation, but also on the solar wind
plasma density and velocity, which has not been taken
into account by usual correlation analysis. Having
revealed the relationship between the magnetopause
location and the magnetosheath parameters, we have
used the magnetosheath model proposed by Pudovkin
et al. (1995) to predict the magnetopause stand-o�
distance directly from the solar wind parameters.

As a result, it was shown that:

1. In accordance with earlier results by Kovner and
Feldstein (1973) and Pudovkin (1982), the Earth-
ward displacement of the dayside magnetopause is
associated with the depression of the outer magne-
tospheric magnetic ®eld with respect to that calcu-
lated in the frame of the Mead (1964) model.

2. The di�erence between the observed values of the
magnetospheric magnetic ®eld and the Mead mag-
netospheric ®eld is determined by the magnetosheath
magnetic ®eld intensity and direction. This allows
one to explain the observed depression of the
magnetospheric magnetic ®eld after Kovner and
Feldstein (1973) in terms of magnetosheath magnetic
®eld penetration into the magnetosphere. The coef-
®cient of ®eld penetration a equals approximately 1.

3. The e�ective magnetic momentum of the Earth,
M
0
E=k, seems to depend on the dynamic pressure of

the solar wind Pd , decreasing from 11:2 � 1025G � cm3

at Pd � 10ÿ8 dyn cmÿ2 to 8±9 � 1025G � cm3 with the
increase in Pd to approximately 10ÿ7 dyn cmÿ2.
At this point we have to note that this result is
obtained under the supposition of a constant pene-
tration parameter a for all the crossings under
consideration. In reality, this supposition may be
incorrect, and the di�erence between the observed
and model intensity of the magnetospheric magnetic
®eld depression (see Figs. 6 and 7) may be explained
by the increase in the parameter a with the increase in
the solar wind pressure as well.

4. Of the two components of the magnetosheath
magnetic ®eld, Bmz and Bm?z, the latter seems to be
more closely correlated with the intensity of the outer
magnetosphere magnetic ®eld depression.

5. Combining the magnetosheath model by Pudovkin
et al. and the magnetosheath penetration model

Fig. 8. Scatter plot of normalized values of the experimental
magnetopause stand-o� distances versus theoretical ones with Bmth
calculated from solar wind parameters

Fig. 9. Scatter plot of experimental magnetopause values of r0 versus
theoretical ones calculated from solar wind parameters
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presented here, one can predict the magnetopause
stand-o� distance from solar wind data.

A close correlation between the predicted and exper-
imental data allows us to consider Eq. (4) with Bm
calculated from the solar wind parameters as quite
acceptable, and thereby con®rms on the whole the
combined model discussed.

It has to be remembered here that the model
presented is based on the supposition on the subsolar
point reconnection, and as this takes place most
probably for jHj > 50� (Pudovkin and Semenov, 1989),
the model may be inadequate for cases with extremely
northward IMF.
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