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The influence of Solar wind and Interplanetary Magnetic Field (IMF) concrete parameters on ring current and
auroral dectrojets current systems during geomagnetic storms main phases isinvestigated. The manifestation degree
of these heliogeophysical parameters in considered current systems was determined with use of standard linear
correlations and nonlinear connections established on the base of artificial neural networks.

The analysis of linear correlations and neural network experiments show that Solar wind velocity, Bz component
IMF and less Solar wind concentration have an impact on aurora electrojets devel opment during the geomagnetic
storm main phase. The influence of By component expressed poorly. It is founded that Solar wind densty has the
greater influence on eastward e ectrojet while Solar wind velocity has the greater influence on westward el ectrojet.
The IMF Bz component is the strongest agent determining intensity of ring current symmetric and asymmetric parts.
It means that Bz component dynamics directly drive a ring current behaviour. The Solar wind dengity and velocity
have not an evident influence on aring current. Perhaps it’s due to ring current contents up to 80 % ionosphericions
during magnetic storm main phase.

1. Introduction
The geomagnetic storm main phaseis an interval of the greatest increase in ring current activity which is frequently
accompanied by auroral dectrojets intensfication. The question on connection of these current systems is still not
clear, but it is no doubts that their activation has the genera solar source. The establishment of Solar wind (PSW)
and Interplanetary Magnetic Field (IMF) parameters which have the grestest influence on magnetospheric and
ionospheric current systems dynamics is one of the key problems.

It is well known that Bz component IMF is one of the key parameters determining a ring current devel opment
during magnetic storms [Tsurutani et al., 1992; Gonzalez et al., 1994]. The statistical research for 130 geomagnetic
storms carried out in work [Lyatsky and Tan, 2003] shows that during storm development peaks in absolute values
not only Bz component but also By component IMF are observed. Besides within several hours before depression of
Dst index which show aring current devel opment degree, growth of Solar wind velocity and density is marked.
The research of aurora response on variations of Solar wind and Interplanetary Magnetic Field parameters shows
that growth of Solar wind dynamic pressure frequently leads to typical substorms occurrence [Kokubun et al., 1977,
Zhou and Tsurutani, 2001]. Development of a typical substorm is accompanied by generation or intensification a
two-vortical current system such as DP2 [Sergeev et al., 1996; Nightingales, etc., 2006].

2. Used data
For the current research 30 isolated geomagnetic storms of various intensity for 2001-2003 have been selected. The
influence of PSW and IMF on ring current and aurora e ectrojets current systems is carried out during the main
phases of these storms. Indices SYM, ASY defined intensity of ring current symmetric and asymmetric parts and
AU, AL indices—intensity of eastward and westward polar dectrojets devel opment.
As primary geoeffective PSW and IMF we considered: Solar wind velocity V, its density N or their combination,
IMF components By and Bz. These data have been taken from satellite ACE with a two-hour advancing of a
considered geomagnetic storm main phase. This advancing time include the time necessary to carry PSW to
magnetospheric boundary and time to inside-magnetosphere processes devel opment. Therefore the search of linear
correlations has been made with shift of values AU, AL, SYM, ASY indices reatively PSW and IMF.
Thus, all 16 pairs of indices have been considered: N-AU, N-AL, V-AU, V-AL, By-AU, By-AL, Bz-AU, Bz-AL, N-
SYM, N-ASY, V-SYM, V-ASY, By-SYM, By-ASY, Bz-SYM, Bz-ASY. It alows to investigate the influence of
each interplanetary environment parameter on the concrete current system devel opment.

3. Thesearch of linear correlations
The analysis of the results received by linear correlations calculation for the specified pairs of indices allows to
establish the common features of PSW and IMF influence on magnetospheric and ionospheric current systems
development during geomagnetic storm. The established dependences have been assigned as a basis of nonlinear
connections search between corresponding indices.
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The main results of linear correlations are:

1. The Solar wind velocity and its density have greater influence on aring current (SYM, ASY) in comparison with
auroral eectrojets. It is expressed in sharp increase of correlation at the fixed delay. The correlation anaysis allows
to establish the typical advancing times of PSW and IMF By component displaying in symmetric and asymmetric
currents. They are about 70-80 minutes. The consideration of received correlation connections between SYM and
ASY indices and PSW and IMF parameters gives that these parameters become apparent in ring current symmetric
part more often in comparison with its asymmetric part.

2. IMF components By and Bz have the greatest influence on aurora eectrojets. It is marked for geomagnetic
storms of any intensity. Further on importance follow the Solar wind density and then the Solar wind velocity. For
storms of strong intensity the Solar wind vel ocity influence is greater than for storms of average intensity and weak
storms. Typical advancing times of PSW and IMF displaying in electrojets are 70-80 minutes.

4. The search of nonlinear connections and neur al networ k reconstr uction

In all series of completed neural network experiments the PSW and IMF val ues have been used as training sequence,
and as test sequence — values of magnetospheric and ionospheric currentsindices. For this research the Elman neural
network has been chosen which contained 4 hidden layers with 6 neurons in everyone. Experience has shown that
such network configuration is optimum because the increase of layers quantity or neurons in layer frequently leads
to its overload.
The performance of neural network experiments for each pair of indices was carried out in such sequence:
1. For chosen training parameter (PSW or IMF) typical advancing times of the reconstructed parameter (AU,
AL, SYM, ASY) were proposed on the basis of linear correlations. This time was equaled to 80 minutes and
takes into account time of PSW and IMF carrying to magnetosphere boundary.
2. Neura network has been trained on one of thirty events. On network input feed values of the training
parameter and itsfirst derivative taking into account established advancing time.
3. Trained neural network used for the reconstruction of others 29 events. The correlation coefficient between
real and reconstructed sequences was cal cul ated for an estimation of reconstruction efficiency.
Completed neural network experiments show that successful reconstruction of ring current and aurora el ectrojets
intensity indices on the PSW and IMF parameters data is possible. Neural network reconstruction was considered
successful if correlation between real and reconstructed values were in an interval from 0.4 up to 0.9. Fig. 1 shows
examples of ring current and auroral e ectrojets intengity indices reconstruction on the PSW and IMF data.
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Fig. 1. Examples of neural network reconstruction of auroral eectrojets and a ring current intensity indices on the
PSW and IMF data. The solid line shows real values of indices and dashed line — the values of indices reconstructed
by neura network.
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(continue) Examples of neural network reconstruction of auroral eectrojets and a ring current intensity

indices on the PSW and IMF data. The solid line shows real values of indices and dashed line — the values of indices
reconstructed by neural network.

For influence degree estimation of concrete parameter (PSW or IMF) on ring current and auroral electrojets current
systems development for each examined pair of indices have been calculated a statistical weight of successful
reconstruction:

N
o

here N — number of cases with correlation coefficient > 0.4, C" — the general number of events combinations from
m~=30 on n=2. Statistical weights are submitted on diagramsFig. 2.
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Fig. 2. Statistical weights values for considered pairs of indices

The distribution of successful reconstruction statistical weights for auroral electrojets indices and ring current
symmetric and asymmetric parts indices has shown:

1

Solar wind velocity, IMF component Bz and to a lesser degree Solar wind density have the greatest
influence on auroral eectrojets development during the main phase of a geomagnetic storm. Influence of
By component expressed poorly.

Statistical weights for westward electrojet (AL) arein the main higher than for eastward electrojet (AU). It
can means that on the main phase of a magnetic storm westward e ectrojet developed more strongly than
eastward dectrojet. Westward electrojet is caused by intensive magnetic reconnection on day time
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magnetopause connected with IMF Bz component and accordingly with transfer of magnetic streams from
a Solar wind to magnetosphere.

3. It is necessary to note that values of dtatistical weights for Solar wind density and velocity concerning
eastward and westward electrojets are various. Solar wind density has the greater influence on eastward
electrojet while Solar wind velocity has the greater influence on westward eectrojet. It can be caused by
different nature of auroral electrojets — westward e ectrojet is connected to explosive processes of substorm
(rapid transfer of IMF Bz component from Solar wind to magnetosphere), and eastward electrojet is caused
by stationary magnetospheric convection.

4. Asexpected the strongest agent determining the intensity of ring current symmetric and asymmetric parts
is IMF Bz component. It meansthat dynamics of Bz component directly drive aring current behaviour.

5.  Solar wind density and velocity have no clear influence on aring current. Perhaps it’s due to ring current
contents up to 80 % ionospheric ions during magnetic storm main phase.

Conclusion

In current work the influence of Solar wind and Interplanetary Magnetic Field parameters on ring current and
auroral electrojets development during the main phases of magnetic sormsisinvestigated.

According to the preliminary linear correlation anaysis for pairs N-AU, N-AL, V-AU, V-AL, By-AU, By-AL, Bz-
AU, Bz-AL, N-SYM, N-ASY, V-SYM, V-ASY, By-SYM, By-ASY, Bz-SYM, Bz-ASY it has been established that
on ring current intensification significant influence have Solar wind velocity and density. Auroral electrojets
development in the greater degree determined by IMF By and Bz components. Typically advancing times for PSW
and IMF relatively magnetospheric and ionospheric current systems are about 80 minutes.

The results received on the basis of nonlinear connection research for each pair of indices show that on auroral
electrojets devel opment during geomagnetic storm main phase the greatest influence have Solar wind velocity, IMF
component Bz and to a lesser degree Solar wind density. Influence of By component expressed poorly. It is
established that on the geomagnetic storm main phase westward el ectrojet developed more strongly than eastward
electrojet. For aring current the strongest agent determining intensity of its symmetric and asymmetric partsis IMF
component Bz. Dynamics of Bz component directly drive aring current behaviour. Solar wind density and velocity
have no clear influence on a ring current. Perhaps it’'s due to ring current contents up to 80 % ionospheric ions
during magnetic storm main phase.
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