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Abstract

Total electron content (TEC) and GNSS positioning error over two Nigeria GNSS stations (CLBR:
Latitude; 4.9503°E, Longitude; 8.3514'N, FUTY:: Latitude; 9.3497'E, Longitude; 12.4978'N) were
studied during the geomagnetic storms of March 17, 2015 minimum Dst (Disturbed storm time) -
223nT and that of March 17, 2013 minimum Dst of -132nT (the St. Patrick’s Day intervals); TEC
was estimated using GPS Gopi TEC anaysis software over the two stations during the storms
period and the selected international quiet day used as reference. Understanding TEC variation in
the equatorial ionosphere during geomagnetic storm will enable adequate prediction of GNSS
positioning accuracy and correction over the region. Variation and enhancement of TEC were
observed during the storms. The positioning error and TEC were higher at CLBR than a FUTY
during the March 17, 2015 storm that could be as aresult of latitudinal variation. The result will be

useful for satellite based navigational systems.

Keywords: Tota Electron Content; Global Navigation Satellites System; Equatorial |onosphere;
Geomagnetic Storm; Positioning Accuracy.

1. Introduction

The equatoria ionosphere has remarkable
processes such as equatorial  electrojet,
equatorial spread F and the ionization
anomaly that make the dynamism of the
ionosphere in that region an interesting
subject to ionospheric physicists.

The response of the lonosphere to the
geomagnetic storm is important in the
understanding of trans- ionospheric signal
delay. The group delay of Global Navigation
Satellite Systems (GNSS) is as aresult of the
variation in the local Total Electron Content
(TEC). TEC has been a very important
parameter for the studying and understanding
GNSS positioning accuracy (Stankov et a.,
2010). Much has been revealed about TEC
behaviour both in the mid and high latitude
ionosphere as reported by several authors
(Stankov et d., 2010; Afraimovich et a.,
2002; Buonsanto, 1999; Li et al., 2012).
lonospheric impact on satellite navigation
and communication is the major source of
positioning error (Comberiate et al., 2012)
since TEC is the number of electrons in a
column of 1m? cross section from the height
of global positioning system (GPS) satellite
at approximately 20,000 km to the receiver
on the ground.

Severa authors have attempted to study TEC
behaviour in this region during both periods

of high and low solar activity (Moreno et a.,
2011; Bolgji et a., 2011; Adewale et 4.,
2013; D’ujanga et a., 2013; Olawepo et al.,
2015, Chakraborty et al., 2015).

This study reports TEC during two
geomagnetic storms that occur at the same
period for different years and the positioning
error associated with the storms over two
GNSS dtations situated in Nigeria (situated
within the region of an equatorial ionospheric
anomaly) in the equatoria region of African
sector (see Figure 1) for the first time. The
equatoria ionosphere is strongly influenced
by the electromagnetic field occasioned by
the horizontally aligned geomagnetic field
over the equatorial region.

Thorough knowledge of storm time
behaviour of TEC as it affects GNSS signa
isour utmost desire.

The ionospheric delay is related to the TEC
along the propagation path (Klobuchar, 1997;
Jakowski et al., 2012). lonospheric delay is
due to the refraction and dispersion of GNSS
signal. As it travels through the ionosphere,
the refractive group index of the ionosphere
is greater than one (i.e. >1), which implies
that the group velocity of the radio wave is
less than the speed of light in a vacuum. If
the refractive index of the ionosphere is less
than one, the phase velocity of the radio
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wave is greater than the speed of light
in vacuum. For this reason, there is an
advance on the measured carrier phase and a
delay on the measured pseudo-range (group
delay) shown in Equations (1) and (2), where
c is the speed of propagation, W; and W are
the critical frequency of the ionospheric
plasma and the signal frequency respectively,
with

V, =cy1-W/ /W (1)
is the group velocity delay (Navipedia, 2011)
and

C

V=
1-W?2 /W

¢

2

is the phase velocity advance (Navipedia,
2011).

Geomagnetic storm usually commences with
an increase in the Earth’s magnetic field that
is caled initial phase, followed by a large
decrease called the main phase, which could
last a few days before the commencement of
a recovery phase that is usually longer than
the main phase (Adebiyi et al.,2012;
Adekoyaet ., 2012).

Understanding TEC behaviour during the

40
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geomagnetic storm  will enhance better
estimation of positioning accuracy and
corrections.

2. Materialsand Method

2-1. Description of March 17, 2015
Geomagnetic Storm

The storm occurred in the declining phase of
solar cycle 24 and is the largest so far the
driver of the storm were two interacting
coronal mass gjection (CME) of March 15
(Zhang et al., 2015)

The storm of March 17 is a sudden
commencement storm at 4.45 UT on March
17 and reached its minimum Dst of -223nT at
23 UT on the same day after which it began
the recovery phase at about 11UT on March
18 to March 19.

2-2. Description of
Geomagnetic Storm
The storm is a sudden commencement storm
minimum Dst-index of which was -132nT on
March 17 at 21.00UT. Though this storm is
less in severity to that of 2015, they both
share some uniqueness; both are sudden
commencement and both occur at the same
season on the same day popularly regarded as
St. Patrick 's Day.

March 17, 2013
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Figure 1. Map of Africa showing the stations and the geomagnetic latitude.
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3. Research Data

The Dst values for the storm period and the
reference were downloaded from world data
centre for geomagnetism, Kyoto
(wdc.kugi.kyoto-u.ac.jp), corroborated with
Australian geosciences international quiet
and most disturbed days
(http://www.ga.gov.au/oracle/geomag/displa
y_iqd.jsp). GNSS observation and navigation
files were downloaded from Nigeria GNSS
network (www.nignet.net) for the stations
(see Figure 2 and Table 1) both during the
storm period and the selected quiet day was
chosen as areference.

3-1. Data Analysis

Gopi GPS — TEC analysis software version
2.9.3 was used to estimate the vertical totd
electron content (VTEC) over the sations
during the storm period, which was
compared with the TEC of atypica selected
quiet day. The quiet day TEC was plotted
over the storm period TEC using the ASCII
output file for further analysis with Matlab in
order to depict the TEC behaviour during the
storm period over the stations (1 TECU = 10
1 electrons/m?).

Red-Time Kinematic Library (RTKLIB)
open source software for GNSS positioning
estimation was utilized to compute the
position of the stations during the storm. The
deviation of the stations' position from the
International Terrestrial Reference Frame
(ITRF) and further analysis was done using
Matlab software.

4. Results and Discussion

4-1. CLBR Station

4-1-1. March 17, 2015 Geomagnetic Storm
The five-panel plots of Figure 3 depicted
the coordinate’s error, the Dst, and the
TEC over the station during the storm and
the reference (quiet) day positioning error
and TEC (thin line) superimposed on the
storm period (thick line) positioning error
and TEC. The maximum error (X=36.79 m,
Y=8.24 m) for CLBR station occurs before
the onset of the storm sudden commencement
a about 23.40 UT on the 16" of March
(Figure 2 and 3) that could be as a result of
plasma redistribution and enhancement
before the onset of the storm. The Z-
coordinate do not show a significant
signature of the storm as compared with the
reference day. Generdly, there is an
improvement in the accuracy of the position
of the station during the entire period of the
storm. There is noon time enhancement of
TEC with the maximum of 87.04 TECU
occurring in the noon period during the main
phase of the storm, which does not correlate
with the maximum position error of the
station.

4-1-2. March 17, 2013 Geomagnetic Storm
It can be inferred from the three panel plots
of Figures 6, 7, and 8 that the storm of March
17, 2013 has minimum effect on positioning
a CLBR. The maximum day time TEC
enhancement (62.90 TECU) coincide with
the main phase of the storm.
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Figure 2. Map of Nigeria showing the stations coordinate.
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Figure 3. CLBR - Coordinates error with TEC during March 17, 2015 storm.
Table 1. Site Information for the two stations.
ITRF ELEVATION ANTENNA SATELLITE
STATIONID | co0RDINATES(M) | (mellipsoid) | RECHVERTYPE TYPE SYSTEM
X: 6287177.4886
CLBR Y: 922980.2137 61.5 TRIMBLE NETRS TRM59800 GPS GLONASS
Z: 546714.5521
X: 6145058.5066
FUTY Y: 1362078.8671 248.4 TRIMBLE NETRS TRM59800 GPS GLONASS
Z:1029389.8941
200 T T T T T
k 16-03-2013 17032013 18032013
B _\—\_,,.-f——‘*_-
(=]
200 1 1 | 1 1
o 12 0 12 o 12 o
5 100 T T T T T
E 50 1
> 0 1 | 1
o 12 o 12 o 12 o
X T T T T T
[/ 4 a
o]
£
’I( -
E
/4
g
w
.3 -
]
g

0 12
TIME, Hr (UT)

0

— Slorm period CLBR
—— Cuiel day

Figure 4. CLBR- Coordinates error with TEC during March 17, 2013 storm.
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5. Futy Station

5-1. March 17, 2015 Geomagnetic Storm
The five-panel plots of Figure 5 depicted
the coordinates error, the Dst, and the TEC
over the station during the storm and
the reference (quiet) day positioning error
and TEC (thin line) superimposed on the
storm period (thick line) positioning error
and TEC. Maximum position error for this
station occurs during the recovery phase of
the storm X=12.68 m, Y =6.80 m. There is
noon time TEC enhancement during
the entire period of the storm the maximum
(72.83TECU) of which coincide with
the main phase of the storm. The maximum
positioning error on the Z-coordinate
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(9.19 m) coincides with maximum TEC
enhancement that occurs during the main
phase of the storm.

5-2. March 17, 2013 Geomagnetic Storm
FUTY dtation has the maximum position
error coincide with the main phase of the
storm with the highest on the x-coordinate
(10.67 m), while the Y and Z coordinates
have position error of about 4.50 m and 4.12
m respectively. Figure 6 shows that the
observed phenomenon in this station may be
as a result of the station proximity to the
geomagnetic equator with the attending
electrodynamics effect in the equatorial
ionospheric anomaly region.
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Figure5. FUTY — Coordinates error with TEC during March 17, 2015 storm.
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Figure 6. FUTY— Coordinates error with TEC during March 17, 2013 storm.
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Figure7. Latitudinal differences between the two stations March 17, 2015 storm.
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Figure 8. Latitudinal differences between the two stations March 17, 2013 storm.

6. Conclusion

The two storms behave differently at a
different latitude, which agrees with previous
authors (Amit et al., 2010; Stankov et a.,
2010; Li et al., 2012).

While the effect of the storms is consistent
with the maximum TEC during the main
phase of the two storms, the position error is
highest during the March 17, 2015 storm at
CLBR of lower latitude than at FUTY, which
falls directly in the region of equatorial

electrojet.

There is an enhancement of TEC during the
entire period of the storms, and the
enhancement becomes maximum during the
main phase of the storms. The position error
of CLBR is higher during the onset of the
initial phase of the storm on March 17, 2015,
which occurs on the 16" of March and
improves throughout the main phase and the
recovery phase of the storm. This error may
not be associated with the enhancement in



Effects of St Patrick’s Day | ntervals Geomagnetic Stormson the Accuracy of ... 187

TEC due to other parameters involved in the
equatorial ionosphere electrodynamics and
perturbations. FUTY dation has lesser
position error during the storm and lesser
TEC enhancement, which may be a signature
of latitudinal variation in total electron
content.
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