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Summary: In the given study the calculation results of low-latitude ionospheric effects of
geomagnetic storm sequence on September 9-14, 2005 with taken into account solar flares are
considered. Under carrying out the calculation of the disturbed ionospheric parameters values
the model input parameters were set as function of AE- and Kp-index of geomagnetic activity
according to different empirical models and morphological representations. The calculation
results are in a good agreement with experiment.

1 INTRODUCTION

Many papers are devoted to numerical modeling of low-latitude ionospheric storm effects.
They modeled: positive and negative effects of ionospheric storms, caused by thermospheric
parameter changes; penetration of magnetospheric convection electric field to lower latitudes
and disturbed ionospheric dynamo. It has been shown, that the basic formation mechanisms of
low-latitude ionospheric disturbances are the electric fields and thermospheric parameter
changes. The given research is devoted to numerical modeling of low-latitude ionospheric
effects of storm sequence on September 9-14, 2005 at the setting of input parameters as
functions of AE- and Kp-index of geomagnetic activity with taken into account solar flares
effects.

2 STATEMENT OF THE PROBLEM

The storms on September 9™-14™ were caused the strengthening of auroral activity, radio
blackout and strong ionospheric storm. In Fig. 1 the behavior of geomagnetic activity indexes
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Figure 1: The behavior of Dst, AE and Kp indices of
geomagnetic activity, potential drop through polar caps
and amplitude and latitudinal location of field-aligned
currents on September 9-14, 2005

for the considered time period is shown.
Values of a three-hour index of
geomagnetic activity Kp during storms on
September 9, 10 and 11, 2005 reached its
maximal values 4.3, 57 and 7.7
accordingly. On September 9", 2005 there
was a solar flare of class X17. This flare
was one of 10 most powerful solar flares
registered for all history. In all this period
there were five solar flares.

We carried out the calculation of
ionospheric parameters during geomagnetic
storm sequence on September 9-14, 2005
with taken into account solar flares.
Calculation of ionospheric effects of storm
sequence has been carried out with use of
the Global Self-Consistent Model of the
Thermosphere, lonosphere and
Protosonosphere (GSM TIP) developed in
West Department of IZMIRAN. Model
GSM TIP was described in details®*. At
simulation of ionospheric parameters in
quit geomagnetic conditions only the Fio7
changes from day to day were considered.

Under carrying out the calculation of the disturbed ionopsheric parametes the model input
parameters were set as function of AE- and Kp-index of geomagnetic activity according to
different empirical models and morphological representations. So, the potential difference
through polar caps A® was set according to empirical formula®:

A® = 38.0 + 0.089 x AE,kV 1

field aligned currents of the second region was set according to experimental data®’ in quiet

conditions and at recovery phase of storm:

j» =3.0%x107° +6.0 X 10712 x AE, A/m? )

at SSC phase of storm with 30 min delay

Jj» =3.0%x107° + 1.5 X 107! x AE, A/m? 3)
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in active phase of storm
j»=3.0%x10"°+3.6 x 107 x AE,A/m? ()

and the particle precipitation fluxes and energy according to the model®. The displacement of
field aligned currents of the second region to the lower latitudes was set as by”:

+652 for A® < 40kV (5)

+602 for 40kV < A® < 50kV (6)
+55¢ for 50kV < A® < 88.5kV (7)
+502 for 88.5kV < A® < 127kV (8)
+45¢ for 127kV < A® < 165.4kV 9)
+402 for 165.4kV < A® < 200kV (10)
+352 for 200kV < AD (11)

At the SSC moment we set the time delay of variations of the field aligned currents of second
region, equal of 30 min. relative to the variations of the potential difference through polar
caps®®. In Fig. 1 the behavior of input parameters (potential difference through polar caps,
amplitude and latitudinal location of field aligned currents of second region) for the
considered time period is shown.
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In Fig. 2 it is shown the
calculation results of critical
frequency foF and height
maximum hmF above
Jicamarca and Vanimo for 9- x : -
14 September 2005 with and AR
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solar flares effect. It is S :
possible to see the effects R T A
caused by geomagnetic Figure 2: foF and h,F above statior:;Hicamarca and Vanimo during

storms  and _ solar _flares. geomagnetic storms on 9-14 September 2005. Calculation results — quiet
Jumps of maximum height of conditions (open blue circles), storm-time conditions with and without
the F-layer are connected taken into account solar flares (red and blue circles). Experimental data —

with stratification of the quiet conditions (black open circles), storm-time conditions (black
circles).
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equatorial F2-layer and with
the appearance of an
additional F3-layer under
action of eastward electric
field. It is visible very well in
Fig. 3 where the calculated
vertical profiles of electron
density above station
Jicamarca are shown for the
moment of the stratification
beginning, maximum  of
stratification and during the
moment of time since which
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Figure 3: Vertical profiles of electron density calculated in quiet (dotted
lines) and storm-time (red lines) conditions with taken into account solar
flares.

critical frequency of the F3-layer becomes less than critical frequency of the F2-layer.
Therefore, the plots of foF in Fig. 2 show the behavior of critical frequency F2- or F3-
layer, depending on what of these frequencies is more. The same concerns to the height of
maximum hy,F which describes height of maximum F2- or F3-layer.

4  CONCLUSIONS

- The using of the dependence of input parameters from AE-index with time resolution
one minute allowed approaching the calculation results of ionospheric disturbances
during geomagnetic storms to experiment.

- The account of the solar flare ionospheric effects during storm sequence on September
9-14, 2005 improved the description of behavior of low-latitudinal ionosphere
parameters in maximum of F2-layer.

- It is shown that during geomagnetic storms there is the stratification of the equatorial
F2-layer and the appearance of F3-layer as a result of the eastward electric field

action.
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