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Abstract This paper presents the impact of a fast solar wind on the ionosphere, in low latitudes, on 13 October 2012. On
that day, the high speed solar wind reached the Earth around 16:00UT, during the recovery phase of a geomagnetic storm
which started around 00:00UT. The solar wind speed was determined to be 580km/s, on the same day, around 17:00UT.
Its impact was observed in low and equatorial latitudes, in Africa and in Eastern South America, on the F layer and on the
geomagnetic field variations. Through the analysis of magnetic indices, ionosonde characteristics and the horizontal
component of the geomagnetic field, we found that the 13 October 2012 event exhibited a local impact, affecting the
observatories situated in a long
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ionosonde at Ascension Island) did not present any lift, and there was a delay for approximately two hours of the ascent
of the F layer in America (the ionosonde at Fortaleza). In this case, there was an evident inhibition on the development of
spread F at the time of the Pre Reversal Enhancement (PRE) in Africa and Eastern America, while the ionograms of the
days before and after presented clear spread F traces. The disturbances of the ionospheric equivalent electric current
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)
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America) exhibited on the dayside, an anti Sq current which is signature of the influence of the Disturbance Dynamo
Electric Field (DDEF).
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1. Introduction
Ionospheric variations constitute a key aspect
within the complex field of space weather. The source
of these changes of state in the ionosphere is in
general related to variable solar wind conditions, solar
disturbances, and meteorological influences. Trying to
understand the effect of such variations is an important
subject not only for practical applications but also for
its intrinsic scientific relevance (Akala et al., 2012; Liu et
al., 2011; Migoya-Orue et al., 2009). When ionospheric
perturbations are associated with magnetic storms,
they represent a real threat to the Global Navigation
Satellite System (GNSS) signals (Lanzerotti, 2007). In
middle latitudes, for example, the operation of space
based augmentation systems (SBAS) can be
endangered by the appearance of steep ionospheric
gradients. The ionospheric effect on the GNSS is also
significant in the regions surrounding the geomagnetic
equator where the irregularities are more frequent and
intense (Doherty et al., 2000). After sunset, a form of
the Rayleigh-Taylor instabilities gives place to the
Equatorial Plasma Bubble (EPB) formation (Kelley et al.,
2009). The plasma irregularities produce in ionosonde

echoes a phenomenon called spread F, when the F
layer is not presented at a single height but in a series
of lines that are vertically ‘swept’. The rise of the F layer
due to the regular eastward electric field produces
spread F/EPBs (Abdu et al., 1983).
Research to obtain predictions of the arrival of high
speed solar wind streams (HSSWSs) by using
observations from the Solar Terrestrial Relations
Observatories
(STEREOs)
and
the
Advanced
Composition Explorer (ACE) satellites are very
promising (Davies et al., 2012), a fundamental
understanding of the effects of HSSWSs emanated
from coronal holes on the ionosphere, still remains a
research effort (Grandin et al., 2015).
In the companion paper (Azzouzi et al., 2016), total
electron content (TEC) data derived from the GNSS
were employed in order to analyze the changes after
the impact of a the HSSWS on 13 October 2012. In this
work, we analyzed the same event but with the
ionosonde and magnetometer data, being our
purpose to complement the analysis done in the
companion paper.
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We present the source of the data sets and data
processing (in section 2) and describe the results (in
section 3). Section 3 is divided in three parts
concerning the global context, the ionospheric and
the geomagnetic signatures of the event. Section 4 is a
discussion and then we present the conclusions (in
section 5).

2. Data set and data processing
2.1 Data set
In this paper, we analyze the data of the month of
October 2012 focusing on the period between 12 and
17 October. The data of the Solar and Heliosheric
Observatory
(SOHO)
satellite
(www.nasa.gov/mission_pages/soho/)
and
the
website:
www.spaceweather.com were used to
determine the solar sources of the disturbances
(Coronal Mass Ejection (CME) and coronal hole). The
observations
of
the
ACE
satellite
(http://omniweb.gsfc.nasa.gov/) provide solar wind
parameters: the solar wind speed and the north-south
(Bz) component of the Interplanetary Magnetic Field
(IMF). We analyzed various magnetic indices: AU, AL,
AE, and Am/Km, the list of the Storm Sudden
Comencement (SSC) from the International Service for
Geomagnetic indices (http://isgi.unistra.fr/), and SYM-H
index from the World Data Center for Geomagnetism,
Kyoto (http://wdc.kugi.kyoto-u.ac.jp) (Mayaud, 1980;
Menvielle et al., 2011).

Figure
1
provides
the
location
of
the
magnetometers
and
the
ionosondes.
The
geomagnetic
data
are
obtained
from
the
International Real-time Magnetic Observatory Network
(INTERMAGNET) website (http://www.intermagnet.org)
and the ionosonde data are from the Lowell GIRO
Data
Center
(LGDC)
website
(http://ulcar.uml.edu/DIDBase/).
We used the ionosonde data of the Ascension
Island observatory because only this
observatory
provides the regular data in the African region during
our period of observations. Ascension Island is located
in the Southern crest of the equatorial anomaly and
large irregularities of plasma can be observed in its
observations.
2.2 Data processing
Magnetic observatories located along the
geomagnetic equator in the African sector (M’Bour
(MBO) and Addis Ababa (AAE)), in the American
sector (Huancayo (HUA) and Kourou (KOU)), and in
the Asian sector (Guam (GUA)) are selected for this
study and can be seen in Figure 1. We analyzed the
variation of the horizontal geomagnetic component, H.
We took ten of the International Quiet Day (IQD)
(http://www.gfz-potsdam.de/en/section/earthsmagnetic-field/services/kp-index/explanation/qddays/) in October 2012 to calculate the mean value of
the averaged quiet ΔH component of the
geomagnetic field, computed as following:

Figure 1. Location of the magnetometers and ionosondes
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(1)
where n=10.
The baseline value (H0), which is the average of the
hourly (LT) values around midnight was computed as
follows:
(2)
Thus, the daily range of ΔHi for every hour i was
obtained by subtracting the baseline value, H0 from
the hourly values Hi.
(3)
where i =1 to 24 hours.
The hourly Sq amplitude is subjected to non-cyclic
variation, a phenomenon in which the value at 24LT
differs from the one at 23LT (Vestine, 1967),
(4)
Then, the solar quiet variation in H, Sq(H) with
adjusted values at the hours is given by:
(5)
with i=1 to 24 hours.
The magnetic disturbance due to ionospheric
electric currents (Diono) is computed by the following
expression given by Le Huy and Amory-Mazaudier
(2005):
(6)
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variation of various parameters of the solar wind and
magnetic indices between 7 and 22 October (the solar
wind speed in km/s, the Bz component of the IMF, the
SYM-H indices and the AU and AL indices are shown
from top to bottom panels). Two red arrows in the top
panel show the arrival of the HSSWSs. The SSC is
indicated by a red line in the SYM-H plot. On 13
October 2012, the second HSSWS arrived during the
recovery phase of the storm around ~16:00UT. This
storm started around midnight on 12 October with the
southwards turning of the Bz component of the IMF. In
this case, the HSSWS was associated to a decrease of
SYM-H from ~-45 nT (~16:00UT) to ~-70 nT (~18:00UT) and
an increase of the AL index (~1000 nT). The solar wind
speed reached 570km/s around 17:00UT. On 18
October, there was a peak of the solar wind speed
higher than 600km/s and there was not associated
response of the magnetic indices, SYM-H, AU, and AL.
This can be explained by the fact that the Bz
component of the IMF was small and not directed
southwards during a long time like the other events on
8 and 13 October. There is detailed discussion on this
figure in Azzouzi et al. (2016).
3.2 Ionospheric signature (h’F and spread F) of the 13
October 2012 case
Figure 3 shows the variation of the virtual height of F
layer, h’F at 4 MHz recorded by 4 ionosondes in the
Asian sector (Guam), in the African sector (Ascension
Island), and in the American sector (Fortaleza and
Jicamarca). The h’F between 18LT and 24LT is plotted
in this figure.

where ΔH is the H component variation recorded at
one observatory, SYM-H is the estimation of the ring
current and λ is the geomagnetic latitude.
Diono is given also by the following relation:
(7)
where DP2 is the magnetic disturbance related to the
prompt penetration of magnetospheric electric field
(Nishida, 1968; Vasyliunas, 1970) and Ddyn is magnetic
disturbance related to the ionospheric disturbance
dynamo (Blanc and Richmond, 1980; Le Huy and
Amory-Mazaudier, 2005). In Fathy et al. (2014), a
technique to separate the effect of the DP2 signal from
the Ddyn signal has been proposed by taking running
mean values from Diono. For our case we took the
moving average values every 3 hours.

3. Results
3.1 Global context of the 13 October 2012 case
In October 2012, three major solar events affected
the Earth. A CME hit the Earth at 05:26UT on 8 October
2012 and the impact was seen as a SSC. After this CME,
two HSSWSs related to coronal holes arrived in the
evening (~19:00UT) on 9 October and in the afternoon
(~17:00UT) on 13 October. Figure 2 illustrates the

Figure 2. Variations of solar wind parameters (Vx and IMF Bz) and
magnetic indices (SYM-H, AU, and AL) between 7 and 22
October 2012. Two arrows in the solar wind speed show the
arrivals of the HSSWSs. The red line on SYM-H plot indicates
the time of the SSC.
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Figure 3a. Variation of the virtual height of the F layer at 4 MHz by
the ionosonde observations every 15 minutes between 15LT
and 24LT at Ascension Island and Fortaleza for the period
between 12 and 17 October 2012.

Figure 3b. Variation of the virtual height of the F layer at 4 MHz
by the ionosonde observations every 15 minutes between
15LT and 24LT at Guam and Jicamarca for the period
between 12 and 17 October 2012.

Table 1. Spread F observed at Ascension Island and at Fortaleza on 12, 13, and 14 October 2012
Day / Observatory Ascension (LT = UT-1)
Fortaleza (LT = UT -3)
12 October
Small spread F
20:30UT
20:50UT-21:10UT
High spread F
22:30-1:00UT
22:00-02:40UT
13 October
Small spread F
23:45UT (1 ionogram)
No
High spread F
No
23:30-3:00 UT
delay for approximately two hours
14 October
Small spread F
21:15-21:45 UT
21:30UT-22:00UT
High spread F
23:00-01:00UT
22:10-00:00UT & 00:40-02:10UT

Table 2. Maximums of H associated with geomagnetic storms
GUA
AAE
HUA
MBO
8 October
- 170 nT
- 110 nT
- 90 nT
- 60 nT
9 October
- 140 nT
- 100 nT
- 120 nT
- 120 nT
13 October
- 120 nT
- 100 nT
- 60 nT
-7 0 nT(*)
14 October
- 80 nT
- 50 nT
- 50 nT
- 80 nT
(*) last value registered before the gap
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At Ascension Island (Figure 3a, top panel), there
was no uplift of the F layer on 13 October. On the
same day, at Fortaleza (Figure 3a, bottom panel), the F
layer exhibited a behavior different from the other
days of the period. The layer was lifted up later than
the other days and the peak height of the F layer was
lowest in the period. The F layer exhibited similar
behavior at Ascension Island and Fortaleza on 13
October. This can be interpreted that both Ascension
Island (LT=0UT-1) and Fortaleza (LT=0UT-3) were
influenced by the HSSW. Ascension Island and
Fortaleza are in different longitudes and their
observations were slightly different. From Figure 3a, we
think that Ascension Island was under the influence of
the HSSWS between 17:00LT and 23:00LT and Fortaleza
was affected between 16:30LT and 20:30LT. At Guam,
on 13 October (Figure 3b, top panel), the h’F reached
a maximum at 18:30LT. At Jicamarca, on 13 October
(Figure 3b, bottom panel), the h’F exhibited a
particular pattern with two maxima, the first maximum
was around 19:45LT and another was around 21:15LT.
The behavior on 13 October exhibited similar behavior
as the majority of the other days of the period
between 12 and 17 October. We notice that peaks of
h’F of the four ionosondes were very high on 16
October (pink curve on each panel in Figures 3a and
3b) and the peak values were highest in the
observations of Ascension Island, Fortaleza, and
Jicamarca, respectively.
Figures 4 and 5 show the ionograms of Ascension
Island and Fortaleza at 22:30LT (Figure 4) and at 19:30LT
(Figure 5) on 12 (the top panels), 13 (the second
panels), and 14 October (the bottom panels),
respectively. According to Figures 4 and 5, it is clear
that on 13 October, there was no spread F observed at
Ascension Island and at Fortaleza. Table 1 gives the
time of occurrence of the spread F at Ascension Island
and at Fortaleza for the analyzed period. At Ascension
Island, there was no spread F during the night except
one ionogram at 23:45UT. At Fortaleza, the spread F
appeared approximately two hours later on 13
October comparing with the appearances on 12 and
14 October. This delay corresponds to the delay of the
ascent of the F layer (see Figure 3a, the bottom panel).
In the companion paper of this work, Azzouzi et al.,
(2016) found that the TEC rate of change index (ROTI),
signature of the plasma irregularities, was negligible
over the whole Africa on 13 October and was almost
not observed over Eastern America. These observations
are completely in agreement with the variation of the
h’F observed at Ascension Island (Figure 3a, the top
panel) and at Fortaleza (Figure 3a, the bottom panel).
The eastward equatorial electric field increases in
the post sunset before it turns toward west during the
night. This is called the Pre Reversal Enhancement (PRE)
(Kelley, 2009). This eastward electric field combined to
the horizontal magnetic field, produces an upward
vertical drift Vz (ExB) which lifts up the F layer. This
phenomena produces irregularities of the plasma
observed by the ROTI on the GPS data and by spread
F on the ionograms (Abdu et al., 1983). If there is no
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ascent of the F layer, there is no production of
irregularities nor spread F.
3.3 Geomagnetic signature of the 13 October 2012
case
Figure 6 shows the variations of the horizontal
component of the geomagnetic field, H at GUA, AAE
and HUA. On each panel, the blue line is the
observation data and the red line is the regular
variation computed following equation 3. On 8
October 2012, the impact of the CME was stronger at
GUA (H~-170 nT) than at AAE (H~-110 nT) and at HUA
(H~-90 nT). H decreased as a function of local time. On
9 October, the impact of the first HSSWS was also larger
at GUA (H~-140 nT) than at AAE (H~-100 nT) and at
HUA (H~-120 nT). For this event, the impact decreased
with local time from GUA to AAE and then increased
from AAE to HUA. On 13 October, the effect of the
second HSSWS decreased as a function of local time
like the impact of the CME. H was ~-120 nT at GUA,
was ~-100 nT at AAE, and was ~-50 nT at HUA. H of the
14 October disturbance was ~-80 nT at GUA, was
~-60 nT at AAE, and was ~-50 nT at HUA. Figure 7 is
similar to Figure 6 for the two magnetic observatories of
MBO and KOU. These magnetic observatories are
located in the crest of ionization of the northern
hemisphere. MBO and KOU exhibited similar behavior.
By the impact of the CME on 8 October, H was ~-60 nT
at MBO and was ~-40 nT at KOU. By the impact of the
first HSSWS on 9 October, H was ~-120 nT at MBO and
at KOU. During the impact of the second HSSWS on 13
October, the last H value recorded at MBO was ~-70 nT.
(Note that at MBO there is a gap in the data of about
8 hours from 14:00UT to 21:00UT, so we considered only
the last value registered) and H was ~-80 nT at KOU. On
14 October, H was ~-80 nT at MBO and was ~-40 nT at
KOU. Table 2 summarized the results.
On 8 October, the impact of the CME was larger
near the equator: GUA (H~-170 nT), AAE (H~-110 nT),
and HUA (H~ 90 nT) than in the latitudes of the northern
crest of ionization: MBO (H~-60 nT) and KOU (H~ 40 nT).
H at GUA was approximately three times greater than
H at MBO and was approximately four times greater
than H at KOU. This is explained by influence of
magnetospheric currents which is stronger at the
equator and decreases with increase of latitude. The
SYM-H index largely varied from 8 October to the early
morning on 9 October: -20 nT at 05:26UT, -100 nT at
10:00UT, -55 nT at 20:00UT, and -120 nT at 02:00UT. This is
important to understand the large variation observed
at the equatorial magnetic observatories.
When the first HSSWS impacted the Earth on 9
October, the SYM-H index was ~-20 nT and decreased
to ~-40 nT. The amplitudes of the geomagnetic
disturbance were almost the same order at GUA
(H~-140 nT), at AAE (H~-100 nT), at HUA (H~-20 nT), at
MBO (H~-120 nT), and at KOU (H~-120 nT). This can be
explained by the fact that the ionospheric electric
currents are stronger than the magnetospheric electric
currents.
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Figure 4. Ionograms of Ascension Island at 22:30LT (23:30UT) on 12 (the top panel), 13 (the middle panel), and 14 (the bottom panel)
October 2012.
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Figure 5. Ionograms of Fortaleza at 19:30LT (22:30UT) on 12 (the top panel), 13 (the middle panel), and 14 (the bottom panel) October
2012.
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Figure 6. Variation of the geomagnetic field in October 2012, in low latitudes in the African sector (Addis Ababa), in the Asian sector
(Guam), and in the America sector (Huancayo). The red line represents the regular variation of Sq and the blue line shows the
observations.
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The amplitude of the geomagnetic disturbance on
13 October associated with the second HSSWS was
smaller at HUA (|H|~60 nT) than that at MBO
(|H|~70 nT, considering the last value before the gap)
and at KOU (|H|~80 nT). The amplitude of the
geomagnetic disturbance |H| at AAE was ~100 nT
and at GUA was ~120 nT, respectively. They were only
33% greater than the amplitude at MBO and at KOU.
On 14 October, |H| (~80 nT) at GUA was still larger
than |H| (~50 nT) at MBO , at AAE, and at KOU.
Figure 8 is composed by two panels, the Diono (blue
curve) is superimposed to the disturbance D dyn (red
curve) for the period between 11 and 15 October (see
equations 6 and 7). October 11 and 15 were two
magnetic quiet days, with an Am index equal to 10
and 12, respectively. The day-to-day variation can be
estimated by the fluctuations observed during the
magnetic quiet days with the Am index between 20 nT
and -20 nT. The variations of both Diono and Ddyn were
similar for those two days. The fluctuations of the
equivalent current system DP2 (Nishida, 1968) were
observed on Diono.
In the early morning on 13 October, the D iono at
MBO and at KOU presented a large variation (~60 nT)
around 06:00UT and a negative variation in the
afternoon. This is the signature of a westward
ionospheric electric current. The disturbance in the

afternoon (~-60 nT) was greater than the day-to-day
variation. This observation can be interpreted as the
effect of the Disturbance Dynamo Electric Field (DDEF)
of the ionosphere (Blanc and Richmond, 1980). Blanc
and Richmond’s model predicts a disturbed westward
ionospheric electric current during the daytime in low
latitudes.
Figure 9 shows the superposition of Diono at MBO
and at KOU. In the early morning from 00:00UT to
06:00UT on 13 October, Diono at MBO and at KOU was
similar and grew up at the same time. This is the
characteristic of the Prompt Penetration Electric Field
(PPEF) which varies in universal time (Nishida et al.,
1966; Nishida, 1968; Vasyliunas, 1970). Around 11:00UT
(10:00LT at MBO and 08:00LT at KOU), variations of
Diono at MBO and at KOU were separated in time, but
exhibited a similar pattern. The variation at KOU was
similar to that at MBO with a delay for several hours.
This fact confirms our interpretation of the afternoon
disturbance as the effect of the DDEF (Blanc and
Richmond, 1980). The ionospheric disturbance dynamo
varies in local time. In the morning on 13 October, the
positive disturbance of Diono was associated with a
large decrease of the SYM-H index. SYM-H index
decreased from -30 nT at 00:00UT to -120 nT around
08:00UT and then increased. The PPEF was related to
this storm.
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Figure 8. Diono (blue curve) and Ddyn (red curve) for the period between 11 and 15 October 2012 at MBO (the top panel) and at KOU (the
bottom panel).

Figure 9. Diono at MBO (blue curve) and Diono at KOU (black curve) are superimposed for the period between 11 and 15 October 2012.
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4. Discussion
In this paper, we studied the 13 October 2012 case
with the global geophysical context (Figure 2). This
event was preceded by the arrival of a CME in the
early morning and by the arrival of a HSSWS in the
evening on 9 October. This case presents similar
features of the previously analyzed case on 14
October 2013 associated with the arrival of a HSSWS to
the Earth during daytime (Azzouzi et al., 2015).
We analyzed the variation of the h’F and showed
the presence of spread F, in low latitudes and in
equatorial latitudes, using the ionosonde data in the
African, Asian, and American sectors (Figures 3a, 3b, 4,
and 5). The impact of the HSSWS was observed on 13
October 2012 in the African sector (Ascension Island)
and in the Eastern American sector (Fortaleza). In this
case and the 14 October 2013 case (Azzouzi et al.,
2015), the HSSWS effect was to stop the lift of the F
layer in the post sunset. The absence of spread F at the
time of the PRE was observed on Figures 4 and 5.
During a geomagnetic disturbance, there are large
electric fields transmitted from the auroral zone to the
equator (Fejer et al., 1983). A westward electric field
from auroral origin inhibits the eastward regular field
and stops the ascent of the F layer. There is no
generation of irregularities as a consequence. Abdu et
al. (2009) observed, in equatorial latitudes, during a
large increase of auroral currents, a strong downward
vertical drift of the F layer associated to the
disappearance of spread F (as shown in Figure 1 of
their paper). This downward vertical drift is interpreted
as the effect of the prompt penetration of a westward
electric field, as explained in the introduction of
Azzouzi et al. (2016). On the 13 October 2012 case,
disappearance of irregularities was detected in the
ROTI (Figure 8 of Azzouzi et al. (2016)). Previously,
Azzouzi et al. (2015) studied the period in October 2013
and found that there was ionospheric scintillation over
all Africa in the analyzed period except on 14 October.
No uplift of the F layer after sunset on 14 October 2013,
like on 13 October 2012 was observed at Ascension
Island. Adohi et al. (2008) and Tanoh et al. (2015)
found similar events with no uplift of the F layer at
Korhogo. They found such events occurred only eight
times in 365 days (occurrence rate, 2.2%) in 1995,
during the descending phase of the solar cycle 22.
Two main physical processes, connecting auroral
and equatorial latitudes, produce disturbed electric
fields: 1) the prompt penetration of magnetospheric
convection, the PPEF (Nishida, 1968; Vasyliunas, 1970)
and 2) the DDEF (Blanc and Richmond, 1980).
Concerning the mechanism of the PPEF, the direction
of the electric field transmitted to the low latitudes,
depends on universal time of the event. The
geomagnetic disturbance related to the PPEF is
observed at the same time in all longitude sectors (see
Azzouzi et al., 2015). Before the shielding becomes
effective (phase of undershielding of the PPEF), the
transmitted electric field has the polarity of the dawndusk convection electric field (eastward during the
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day until 21:00LT and westward in the night sector). The
over-shielding electric field (Kelley et al., 1979; Kobea
et al., 2000) is related to the decline of the convection
electric field. The transmitted electric field of the PPEF is
westward in the day side and is eastward in the night
side. Finally, the transmitted electric field related to the
DDEF (Blanc and Richmond, 1980; Sastri, 1988) is
westward during the daytime, turns eastward around
22:30LT, and remains eastward until the end of the
night (Huang et al., 2005). Abdu et al. (2009) observed
the suppression of the pre-reversal drift and the
suppression of the spread F by an effect of the PPEF. In
our case like in the case studied by Azzouzi et al. (2015),
the suppression of spread F is related to the DDEF
associated to a HSSWS.
To study the geomagnetic variations, we used the
magnetometers at MBO (LT=0UT-1) and at KOU in
French Guyana (LT=0UT-3). They are in the same
longitude sector than Ascension Island and Fortaleza in
Brazil, respectively. In Figure 8, Ddyn (red curve) and
Diono (blue curve) variations observed at MBO and at
KOU are superimposed for the period between 11 and
15 October 2012. On 13 October 2012, a comparable
significant disturbance was observed at MBO (H~-60
nT) and at KOU (H~-50 nT) (see Figure 8). The
disturbance of the equivalent ionospheric electric
current, Diono was positive during the morning hours
(~6:00UT) and negative in the afternoon. This positive
disturbance occurred during the main phase of the
geomagnetic storm which started around 00:00UT on
13 October at MBO and at KOU and varied
simultaneously (Figure 9). This is evidence that the
disturbance of Diono was due to the PPEF. Abdu et al.
(2013) studied the development of sporadic E layer in
the early morning, during storms, associated to a
westward PPEF. Foster and Rich (1998) found, at the
beginning of a storm, the effect of an eastward PPEF
at middle latitudes and Huang (2009), like Foster and
Rich (1998) found a similar effect of an eastward PPEF,
in low latitudes, at the beginning of substorms. The
direction of the transmitted PPEF depends on the
phase of the disturbance.
The negative excursion of Diono in the afternoon on
13 October, which is dependent on local time (Figure
9), can be interpreted by the DDEF (Blanc and
Richmond, 1980). This disturbance is westward during
the daytime and turns eastward around ~22:30LT
(Huang et al., 2005). Such a disturbance was previously
observed, in April 2010, for several days by Fathy et al.
(2014). Indeed, the DDEF lasts and influences the
ionosphere for one or two days after a storm (Scherliess
and Fejer, 1997). Fejer et al. (2008a, 2008b) have
determined the equatorial vertical plasma drift during
geomagnetic quiet periods and geomagnetic
disturbed periods, with the data from the ROCSAT
satellite. They built a model of the DDEF. They found
the same result by Richmond and Blanc (1980) and
Huang et al. (2005). The plasma moves upward during
nighttime (~22:00UT to 6:00UT) and moves downward
during daytime (~6:00UT to 22:00UT). Around 19:00LT,
Fejer et al. (2008b) found a maximum of the downward
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vertical drift, i.e. a maximum of a westward electric
field which is opposite to the regular eastward electric
field. This westward electric field causes the inhibition
of ionospheric scintillations. An upward/downward
vertical drift corresponds to an eastward/westward
electric field and to a positive/negative variation of
the H component of the geomagnetic field.

HSSWS in the equator using the longitudinal chains of
equatorial magnetometers and ionosondes.
The next step of this work is to develop statistical
studies and modeling of this kind of disturbances with a
global model such as the Thermospheric Inospheric
Electrodynamic Global Circulation Model (TIEGCM).

5. Summary and conclusion
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In this paper we studied in detail the behavior of
the ionospheric F layer and of the geomagnetic field
at equatorial observatories under the influence of a
HSSWS on 13 October 2012.
We found the following results:
 The HSSWS affected the rising of the F layer at the
observatories of Ascension Island (Africa) and
Fortaleza (Eastern America). It stopped the lift of the
F layer at Ascension Island, and delayed the ascent
of the F layer for approximately two hours at
Fortaleza. It caused the disappearance of the
spread F during the whole night at Ascension Island
and the disappearance of the spread F during the
beginning of the night at Fortaleza, when the
ascent of the layer was delayed.
 The HSSWS affected the geomagnetic field and
produced an anti Sq circulation at MBO (the
African sector) and at KOU (the Eastern American
sector).
 No effect of the HSSWS was observed at Guam (the
Asian sector) and at Jicamarca (the Western
American sector).
 These observations highlight the fact that the
impact of the HSSWS was regional and affected the
observatories with local time between LT=0UT+3
and 0UT-3. They corresponds to a longitude sector
between 315°E and 45°E.
 The time delay of the geomagnetric disturbance in
the afternoon between MBO and KOU shows that
this disturbance varied in local time. This is the
particularity of the DDEF of the ionosphere (Blanc
and Richmond, 1980).
 In the early morning on 13 October 2012, a
disturbance of the geomagnetic field was
observed at MBO and KOU at the same time. This is
the signature of the PPEF which varies in universal
time.
 This work shows the interest of using geomagnetic
data to determine physical processes in the
ionosphere in the dayside. The geomanetic
signature of the PPEF is different from the magnetic
signature of the DDEF.
 The ionosonde and magnetic observations were in
good agreement with the GPS observations (see
Azzouzi et al., 2016) and these data added
precisions on the physical mechanisms activated
by the HSSWS.
While Azzouzi et al. (2015) analyzed the impact of a
HSSWS only in the African sector, in the present study,
we studied the equatorial ionosphere response at the
planetary scale and the longitudinal impact of a
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