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ABSTRACT

Model calculations of the electric fields in the high-
latitude ionosphere are compared to measurements
made by the Viking satellite during August 3, 1986
pass. The model calculations are based on the IZMEM
procedure, where the clectric field and currents in the
ionosphere are given as functions of the interplanetary
magnetic field (IMF). The event chosen correspond to
the growth phase of substorm. The correlation between

the model results and the satellite data is high, which -

assumes directly driven of the magnetosphere by the
solar wind. Similar high correlation exists between the
clectric field in the solar wind (V*Bs) and AL magnetic
activity indices, if time delays between the V#*Bs
observations in space and magnetic activity above the
Earth's ground are taken into account. It is concluded,
that the directly driven response of the magnetosphere
to highly variable solar wind electric field is the main
feature of geomagnetic activity at high latitudes.

1. INTRODUCTION

Akasofu (Ref. 1 & Ref 2) drew attention to the
existence in the magnetosphere of two encrgy
dissipation mechanisms, namely, "directly driven" by
the solar wind and due to an "unloading processes" in
the magnetospheric tail. For the driven activity it was
suggested that close correlation exists among
geoeffective characteristics of the solar wind (in
particular, the interplanctary magnetic field IMF) and
geomagnetic activity (Ref.3). In a simply driven system
the response show some time delay, but would reflect
of the major variability of the solar wind velocity and
IMF fluctuations. Unloading process is connected with
dissipation of energy preliminary stored in the
magnetospheric  tail (Ref. 4). As an inner
magnetospheric process it is less closely tied with the
solar wind parameters. For an unloading process, one
would in general expect quite different time
dependencies for solar wind energy input and the
resultant magnetospheric response. The magnetosphere
could store energy for long periods of time ( hours) and
then could dissipate the energy on time scales very
different from those characteristic of the loading time.
Apparently, both processes occur during magnetic

substorms  intervals.  However, their  relative
contribution to the magnetospheric activity can vary in
the course of a substorm (Ref 5). Below, for
determination of character of interaction between the
solar wind and magnetosphere, comparison was
conducted of eicctric fields obtained on the basis of
model calculations and measured by Viking satellite.
IZMEM (IZMiran Electrodynamic Model) model was
used for calculations, it allows for any set of parameters
of the solar wind to define model values of the
electrostatic potential, electric field, ionospheric and
ficld-aligned currents (Ref. 6 & Ref. 7). Usage of the
model makes it possible to divide spatial and temporal
variations of the electric field and obtain in pure form
the electric filed temporal vagiations by satellite
observations. It is supposed, that good correlation
between model and observed electric fields means
direct influence of the interplanetary environment on
the electromagnetic condition inside magnetosphere
(the directly driving mechanism) as linear connection
between the electric field in the magnetosphere and the
IMF is put to the model calculations. Section 2 contains
comparison between measured and model electric fields
for Viking pass on August 3, 1986 during the growth
phase of magnetospheric substorm. Re-examination of
driven and unloading aspects of magnetospheric
substorms is presented in section 3.The last section
contains a discussion of the results and conclusions of
this study.

2. CONVECTION AND ELECTRIC FIELD
VARIATIONS OVER THE IONOSPHERE DURING
THE GROWTH PHASE OF MAGNETOSPHERIC

SUBSTORM

Let us consider, as an example, results of comparison of
model and observed electric field measurements along
Viking orbit 896 at high latitudes of northern
hemisphere on August 3, 1986 (17.10UT - 19.20UT).
Fig.1 prescnts average 1 min values of E2 component
of electric ficld (transversal to magnctic ficld and
directed nzarly oppositc 1o the satellite's velocity
vector), the IMF Bz and By components variations and
auroral electrojets indices AU, AL and AE (Ref. 8). At
18UT AU and AL indices begin to increase, which
means the smooth increase of both the eastward and
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westward electrojets. The magnetic field variations
along the EISCAT chain of magnetic observatories in
the near midnight sector showed that the substorm
expansion phase onset occurred at 20.15UT. Before this
moment the decrease of the
geomagnetic field has maximum at geomagnetic
latitudes in the 70° < & < 72° range with practical
absence of disturbances in @ ~67° . Such character of

the geomagnetic field variations is fypical for the

growth (creation) phase of a magnctospheric substorm
(Ref. 9 & Ref. 10). Thus, Viking pass began during
relatively quiet magnetospheric conditions and finished
during the substorm growth (creation) phase.
Substantial changes of the IMF components occur
(Fig.1) in the course of interval of Viking intersection
of high-latitude region (about 2 hours). Thercfore the
model electric fields substantially changes during the
satellite pass and for their calculations temporal
variations of the IMF ought to be taken into account.
Such time-dependence was taken into account in the
model calculations of the electric field along the Viking
pass presented in Fig. 2ab. The E™ distribution was
calculated every 5 min for entire high-latitude region
and for each point along the satellite pass. the electric
field vector representative of that location and time is
plotted in Fig. 2a. A time delay of 10 min was assumed
between the IMF and the electric field response.

Viking measured the horizontal electric ficld in a
direction approximately antiparallel to the satellite
velocity vector. Fig. 2b presents the variations of the
model electric field E2™ projected onto the same
direction as the electric field measurements on board
the satellite. Negative values correspond to electric ficld
pointing roughly in the satellite direction of motion
(Ref. 11).

E2™m vyalues were calculated for mean the IMF
component values with a time step from 1 min to 13
min and the delay time of E2™ relative to the IMF
changed from 10 min to 25 min. When correlating E2
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Figure 1. Onc minute mecan valucs during 896 pass of
Viking via the high-latitude rcgion of the following
parameters are presented: the transversal component of
electric field E2 recorded by Viking satellitc: Bz and By
iMF components measured by IMP-8 spacccraft (its
position is X = 32.4Re,Y = -16.8Re: Z = -12.4Re ); AU,
AL and AE indices of magnetic activity.
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Figure 2. Distribution of the high-latitude electric ficld vectors on August 3, 1986 for every 5 min of UT along the
Viking pass. The temporal variations of the IMF By and Bz components have bzen accounted for when calculating the
electric field as a 10 min time delay between the IMF and the ionospheric response. Model eelectric field vectors
plotted along the Viking trajectory every 5 min (a). Projection of the clectric ficld vectors to the direction of axis 2 in

the spin plane (b).



and E2™ _a change of the clectric ficld magnitude with
altitude nced to be taken into account. As E2Mm
corresponds to the ionosphere dynamo-region height
where ionospheric current flow. the E2 values were
mapped from the satellite altitude ( 8,000 - 13.000 km)
to 100 km height using the assumption of no parallel
potential drop between the two altitudes.

Fig. 3 presents E2™ and E2 variations for different time
steps from 1 min to 5 min with the IMF delay time AT
= 20 min. The correlation coefficient (RR) and the
mean square deviation (dispersion DISP) between E2™
and E2 along Viking pass were calculated for every
time step. It follows from Fig. 3 that reasonably good
agreement exists between the modelled and observed
electric fields. Values of RR and DISP for 10 min and
I5 min tine steps are at the same level as for 5 min
time step.

Fig. 4 presents E2™ and E2 variations for different
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Figure 3. Comparison of the horizontal electric field
components measured by Viking satellite and mapped
along the dipole magnetic field-line on the 100 km
altitude (E2 solid line) and calculated (E2™ dotted line)
with various averaging time step for the IMF and E2
values but with the constant the IMF time shift AT =
20 min. From top to the bottom time step values of |
min, 2 min, 3 min, 4 min and 5 min are presenled. The
correlation coefficient and mean square deviations
values are presented as well.
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valucs of IMF delay time AT with time step in 3 min.
The improvement of correlation up to RR=0.9 with
AT increases from 10 min to 20 min takes place. Then
the value of RR decreascs as AT increases.

The high correlation between observed and modelled
electric field values above the ionosphere indicates to
the close control of the magnetosphere electromagnetic
condition by the IMF during a substorm growth
(creation) phase. Apparently, the magnetosphere at this
phase of substorm is a system directly driven by the
solar wind. Intramagnetospheric procecsses connected
with the unloading of magnelic energy stored in the
magnetospheric tail have only auxiliary role.

3. RE-EXAMINATION OF DRIVEN AND
UNLOADING ASPECTS OF MAGNETOSPHERE
SUBSTORMS

According to Baker (Ref. 12) for isolated substorms
the magnetosphere-ionosphere system exhibits a
bimodal response to solar wind changes. A 20-min
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Figure 4. Comparison of E2 and E2™ for various values
of the IMF time shifts AT relative to E2 with the
constant value of time step equals 5 min.

response characteristic is associated with the driven
aspect of substorm, while a 1-hr response time is
associated with unloading. Akasofu (Ref. 13) has
announced that the main role of the directly driven
process between a solar wind and magnetosphere in
occurrence of magnetospheric substorm  became
conventional. Thus he refers to such strong proponent
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of the loading-unloading process as D. Baker (Ref. 14).
In Ref. 14 interrelationship belween the solar wind
electric field (V*Bs) and the AL geomagnetic activity
index at 2.5 min resolution was investigated based on
big data array. It appeared "that realistic replications of

the AL index result from the non-linear model

simulations if unloading is permitted in the model. If
unloading is not included, i.¢. if only a driven response
is permitted, then the resulting simulation of AL is

unrealistic in its amplitude and temporal evolution".’

This conclusion was substantiated by comparison of
V*Bs with AL for 30 time intervals during 1973-74.
Thesc intervals of complete continuous solar wind

coverage were typically several days long, they were:

merged together as a single time series with total
duration of 1,800 hours.

Temporal shift between V¥Bz and AL for reccipt the
maximum possible correlation can change from event
to event. Therefore. merging to single time array long
series of measurements inevitably leads to conservative
value of correlation coefficient when comparing such
series. For revealation of the directly driven component
long intervals with continuous the IMF and solar
plasma measurements by IMP-8 satellite were selected
in AL indices of magnetic activity. During 1986 vear
91 of such intervals were chosen with the length
between 7 and 22 hours. 20,427 mean 5-min values
of AL and VxBz werc received (about 1,700 hours).
Fig. 5 shows changes of 5-min values of V*Bs and AL.
where Bs is the IMF southward component. The value
of correlation coefficient between the two series with
zero time shift is only 0.32, Low correlation between
AL and V*Bs may be interpreted as insignificant
contribution of directly driven process to the magnetic
disturbances generation. In this case the obtained result
agrees with conclusions of Baker ct al. (Ref. 14).

As was discussed in the previous section. the
magnitude of correlation coefficient between the solar
wind geoeffective parameters and their geophysical
response depends substantially on the time shift
between these two series. Therefore we calculated
correlation coefficients between V*Bz and AL for all
91 intervals with time shift changing (rom 0 min (o 120
min. For 5-min intervals with Bz > 0 valuc of V*Bz is
set equal to zero Fig. 6 presents, as an example,
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characteristical variations of correlation coefficient RR
for thrce time intervals. It is clcar, that the cocfficient
magnitude dcpends substantially on timc shift AT
value. There are cases. when for AT = 0 correlation is
practically absent, but RR exceeds 0.5 for AT =1 hour.
Values of AT, when RR recaches maximum value, vary
from one intcrval to another. It means that when
correlating V*Bz and AL big data arrays should not be
used as they are compiled from intervals with different
time shift. As a resull. usage of big arrays

R 1

) N 86
AL VEe ¢
i
|
0.8 } ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
i
1
1
’L., + <
|
| N 82
|
|
o}
|
|
|
]‘ ; - =y
I
| N &
i
|
0.5 r ------------------------------
i
i
smr g Py S P g0 100 At 120 min

Figure 6. The variations of RR (V*Bs, AL) in
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Figure 5. The composite data set of V*Bs (top) and AL (boltom) at 5 min resolution; compiled from 91 time iptervals
in 1986 (all in all 20,427 values). The correlation coefficient between AL and V*Bs using all available data with zero

time shift is 0.32.



undercstimates the contribution of directly driven
process.

Fig. 7 shows distribution of amount of cases with
maximum RR values for intervals with no less than 100
cases with 5 min intervals of the southward IMF. For
absolute majority of these cases correlation is notable
(0.4 £ RR £ 0.8), which means existence of substantial
direct influence of the solar wind on magnetic
disturbance in the auroral zone. Equations of linear
regression were determined for time shifts leading to
maximum correlation between AL and V*Bz. It allows
to compare quantitatively obscrved and modeled AL
values. Fig. 8 presents results of such comparison for
interval N°61 on September 25-26, 1986. In this
concrete cvent the equation has the following form:
AL =0.2*V*Bs - 214, where AL is in nT. V*Bs is in
km#*nT/sec. It is clear, that the AL, component directly
connected with the solar wind geoeffective parameter
Vx*Bs is a considerable part of observed on the Earth's
ground magnetic disturbances in the auroral zone.

4. DISCUSSION AND SUMMARY

To summarize the results, we have demonstrated that
the electric field in the magnetosphere during growth
phase of the magnetospheric substorm is closely
connected with the solar wind geoeffective parameters.
In other words, the directly driven mechanism of the
solar wind interaction with the Earth's magnetosphere
is realized. According to Ref. 35, this mechanism
determines the electric field variations in the
magnetosphere not only at the growth phase. but at the
substorm expansion phase as well. Usage of AL
indices of geomagnetic activity for revealation of
directlv driven process does not pinpoint as closc
relationship of magnetic activity at auroral latitudes
with the solar wind electric ficld. as it was the casc
when using measurements of electric field in the
ionospherc. This result may be the consequence of two
causes:

i) the clectric field in the magnetosphere is better
indicator for revealing existence of the directly driven
mechanism. than indices of the magnetic activity. The
intensity of AL is determined not only by the clectric
field magnitude in the magnetospherc. but is largely
defined by integral conductivity of the ionosphere
which depends on corpuscular precipitation from the
plasma sheet of the magnetospheric tail. Consequently
the contribution of directly driven process to generation
of magnetic disturbances is underestimated. The
observations of the electric field appear more suitable
for revealing of process responsible for the nature of
interaction between the solar wind and the
magnetosphere, than geomagnetic activity indices;

ii) usage for revealation of relationship between V=bs
and AL dependence of the correlation coefficient
magnitude from time shift AT between the solar wind
processes and their response in  the Earth's
magnetosphere. Value of AT varies from one ¢vent to
another and merging of many disturbed intervals to a
single array leads, as a result. to substantial decrcase of
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Figure 7. Distribution of amount of cases with
maximum correlation cocfficient values for 47 time
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southward IMF.
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Figure 8. Example of observed (solid line) and
calculated (dashed line) AL on September 25-26, 1986
for intervals with V*Bz < 0. The time shift of 20 min
was used between AL and V=*Bz corresponding 1o
maximum value of RR = 0.69. Amount of 35-min
intervals N = 237. For 3-min intervals with Bz > 0
values V*Bz are set equal to zero.
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the coupling between the solar wind and gecomagnetic
disturbances.

Blanchard & McPherron (Ref. 15) apply techniques of
linear prediction filtering for revealing interconnection
between AL and V*Bs using 117 single substorm
cvents. It appeared, that the westward eclectrojet
indexed by AL is controlled by two distinct processes,
both proportional to V*Bs. They found that response
functions AL to V*Bs have typical delays of 23 min
and 63 min and that majority of auroral zone
geomagnetic activity during substorms is desirable as
the product of two superimposed directly driven
systems. The two directly driven systems lag the solar
wind electric field with a highly variable and
unpredictable delay. Thus, obtained here by another
method results are consistent with conclusions of
Blanchard & McPherron about prevailing contribution
of directly driven process to the high-latitude magnetic
disturbances generation. Strong variability of time
delay between events in the solar wind and
magnetosphere may lead to sharp decrease of their
mutual correlation when using big data arrays in the
form of long time series. In this case morc full
description of AL indices variations assumes usage of
non-linear models. One of such models was offered by
Baker at al. (Ref 14). It turns out that it is critically
important to include unloading process in the model in
order to replicate the main features of geomagnetic
activity. However, Prichard et al. (Ref. 16) are doubtful
of possibility to infer properties of the magnetosphere's
behavior from observations of the behavior of the Baker
et al. model. Apparently, further study of linear and
non-linear processes in the coupling between the solar
wind and geomagnetic activity are necessary.
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