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ABSTRACT

In this study, the response to geomagnetic storms of the ionospheric F2 layer critical
frequency (foF2) was investigated at the magnetic conjugate points. The hourly foF2 data
observed at the magnetic conjugate points of middle and high latitudes for the geomagnetic
stormy days around both of 1976 and foF2 data received from IRI-2016 Model for same
points were used. The foF2 data observed in magnetic conjugate points and received from IRI
Model were examined using the superposed epoch analysis method and the results obtained
were compared. From the results of analysis, it was observed that the foF2 data observed at
magnetic conjugate points and received from IRI Model simultaneously respond to
geomagnetic activity changes for both the middle latitudes and the high latitudes.
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1. INTRODUCTION

The two points on Earth that connect opposite
ends of the same magnetic field are called
geomagnetic conjugate points. Because charged
particles are trapped on the same magnetic field
lines, disturbances in plasma density during
geomagnetic storms can be carried between these
two points. Therefore, the ionospheric and
magnetospheric processes that were observed at
the magnetic conjugate points were expected to
occur simultaneously and symmetrically. So, the
first studies on these topics were on the detection
of magnetic conjugate points and the investigation
of the events occurring at these points. The
definition of magnetic conjugate points and the
processes occurring at these points were tried to
present with the results of these studies that were
conducted using magnetic field models [1-5].

Later, the investigations related to magnetic
conjugate have focused on polar regions, since the
ionospheric and magnetospheric traces of the
conjugate event during geomagnetic storms are
much easier to observe in these regions [6-14].
Also, studies were conducted to determine
conjugate points in the middle and low latitude
regions and to examine the ionospheric and
magnetospheric  processes at these points.
Different ionospheric and magnetospheric data
were used in these studies [15-19].

However, the determination conjugate points at
medium and low latitudes and observation of
conjugate effects at these points are more difficult
than high latitudes. Therefore, the magnetic
conjugate still remains a problem, particularly at
middle and low latitudes, because there are only
very few possibilities to observed the magnetic
conjugate  with  simultaneously in  both
hemispheres [19-21].

In our previous study, the effects of geomagnetic
activity changes were investigated and magnetic
conjugate points were determined for different
seasons and different latitudes. For this purpose,
ionospheric F2 region critical frequency (foF2)
data were taken from the stations which are
thought to be magnetic conjugate points and
statistical methods were used [21]. In this study,
similar analyzes were made by using foF2 data
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from International Reference Ionosphere (IRI)-
2016 Model for middle and high latitudes and the
results were compared. IRI is an international
project sponsored by the Committee on Space
Research (COSPAR) and the International Union
of Radio Science (URSI). This model has obtained
using experimental data and it is not a theoretical
model. It provides monthly averages of the
electron density, electron temperature, ion
temperature, and ion composition in the altitude
range from 50 km to 2000 km for a given location,
time and date. The previous studies on the
determination of conjugated points using the IRI
Model have not been encountered. Thus, the IRI
Model has tried to be tested in determining the
magnetic conjugate points.

2. DATA AND ANALYSIS METHOD

Four stations were used in this study. Akita-
Brisbane and Resolute Bay-Scott Base are
conjugate pair stations and two are located in the
northern hemisphere and the other two are located
in the southern hemisphere. The coordinates of
these stations for 1976 are given in Table 1 [1].

Table 1. The locations of the stations

Station Geogrgphlc Magn;ﬂc
location location

Brisbane 27.5°8, 36.7°S,
152.9°E 227.9°E

. 39.7°N, 32.2°N,

Akita 140.1° E 210.1°F
77.9°8S, 79.8°8S,

Scott Base 166.8° 3243°F
74.7° N, 83.9°N,

Resolute Bay 265.1°F 309.1°F

In this study, foF2 data and planetary activity
index (Kp) data of 1976 were used. 1976 was the
year in which the most complete foF2 data could
be obtained in four stations, so the data for 1976
were examined. These data were obtained using
the internet interface from  Community
Coordinated Modeling Center (CCMC-NASA)
[22]. The data obtained uses the URSI option of
the IRI-2016 Model and the storm mode is on.

Hourly K, data were used in the analyzes. Hourly
K, data were calculated from 3-hour K, data using
linear interpolation method. Thus, the influence of
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geomagnetic events on foF2 could be examined
hourly. Hourly K, data were divided into two
groups according to geomagnetic activity level.
K,<2" are geomagnetically quite hours, while
K,>2" are geomagnetically active hours. Also,
these analyses were conducted for geomagnetic
storms that were occurred at different seasons.
These seasons were given in Table 2.

The superposed epoch analysis (SEA) method was
used in the analyses. This method is used to
identify the effect of an event or events on the
system occurring through the time series period
and to measure the magnitude of response of this
system against this event. The SEA describes the
impact of geomagnetic storms on foF2 and
indicates the magnitude of this impact [20-21, 23-
24]. In this study, geomagnetically active hours
(Kp>2") were selected as events. Table 2 shows
the number of events detected for the different
seasons of 1976.

Table 2. The number of detected events

1976 15-29 | 15-28 14-28 16-31
March | June | September | December
Number | g 85 203 128
of events

The analysis was applied separately to the foF2
values for all hours and for the geomagnetically
quiet hours. ofoF2 values were calculated by
subtracting from each other the obtained results.
These values show the measure of the response of
foF2 to geomagnetic storms [20-21, 23-24]. SEA
was performed for all seasons and all stations and
the results were compared with each other.

3. RESULTS AND DISCUSSION

Figure 1 shows the variation according to event
time of ofoF2 values calculated for Akita and
Brisbane. The greatest change in foF2 values for
all stations and all seasons occurs at the event
time. In addition, changes in foF2 values at both
stations during geomagnetic storms have a very
similar structure.
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15 - 29 March 1976

Exvent Time (Hour)
(a)

15 - 28 Jun= 1976

Event Time (Four)
(b}

14 - 28 Eeptember 1976
203 : , — Alcita

Ewent Time (Hour)
(d

Figure 1. The changes of 6foF2 values [21]
Figure 2 shows the variation according to event
time of OfoF2 values calculated for the foF2
values obtained from the IRI-2016 model for
Akita and Brisbane. The greatest change in foF2
values for all stations and all seasons occurs at the
event time. In addition, changes in foF2 values at
both stations during geomagnetic storms have a
very similar structure.
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Figure 2. The changes of 6foF2 values calculated using foF2
values from IRI 2016

Figure 3 shows the variation according to event
time of dfoF2 values calculated for Resolute Bay
and Scott Base. The greatest change in delta fof2
values for both stations occurs at the event time.
There is a very high relationship between the
changes of these values.
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Figure 3. The changes of 6foF2 values [21]

Figure 4 shows the variation according to event
time of OfoF2 values calculated for the foF2
values obtained from the IRI-2016 model for
Resolute Bay and Scott Base.
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Figure 4. The changes of 6foF2 values calculated using foF2
values from IRI 2016

The greatest change in foF2 values for all stations
and all seasons occurs at the event time. In
addition, changes in foF2 values at both stations
during geomagnetic storms have a very similar
structure.

Sakarya University Journal of Science 24(4), 630-636, 2020

4. CONCLUSIONS

In this research, the influence of magnetic events
on the foF2 values obtained from IRI-2106 for the
magnetic conjugate stations located in the middle
and high latitude regions was investigated using
the superposed epoch analysis method. The results
obtained from this study were compared with the
results obtained from our previous study that were
conducted for ionospheric critical frequencies
obtained from same locations [21]. Thus, it was
tried to determine whether the international
ionosphere model can be used to determine the
magnetic conjugate points.

Although the magnitude of the responses observed
both from the data and the IRI model was
different, they show similar characteristic
properties for both the equinox and solstice.

The 3foF2 values at high latitudes have a negative
relationship in June and December. This result is
due to the fact that the electric fields are in the
same direction at the equinoxes and opposite
direction at the solstices. In other words, electric
fields in different hemispheres also exhibit
conjugate structure. It is take attention that is also
seen from the results obtained from the IRI.

The results obtained from this research show that
IRI model can be used to determine the magnetic
conjugate points for medium and high latitudes.
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