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Abstract

In this paper, using plasma density data (Ne) obtained from the Swarm satellite, the effect of prompt penetration electric fields
(PPEFs) on the distribution of plasma density at low latitudes during the 07–08 September 2017 geomagnetic storm is discussed. The
observations of enhancements and reductions in ionospheric plasma around noon and midnight in association with the orientation of
the north–south component of the interplanetary magnetic field (IMF Bz) are presented during the main phase and the recovery phase
of geomagnetic storm. The days of 05–06 September 2017 were selected as geomagnetically quiet days, and the plasma density data on
these days were plotted as a quiet-time reference. The plasma enhancements and reductions in the low latitudes are found closely related
to the magnetic local time (MLT), the orientation of IMF Bz, the main phase and the recovery phase of geomagnetic storm. During the
main phase of geomagnetic storm with southward IMF Bz, plasma density increased around noon (10:00–11:00 MLT), while plasma
density decreased around midnight (22:00–23:00 MLT). During the recovery phase of geomagnetic storm with northward IMF Bz,
plasma density decreased around noon (10:00–11:00 MLT), while plasma density increased around midnight (22:00–23:00 MLT). The
plasma density around both noon and midnight after the geomagnetic storm shows a distribution very similar to the distribution of
plasma density during the geomagnetically quiet period. It is assumed that PPEFs are responsible for these results. During the main
phase of the geomagnetic storm, the eastward PPEFs cause an increase in plasma density around the noon side while the westward
PPEFs cause a decrease in plasma density around midnight side.
� 2021 COSPAR. Published by Elsevier B.V. All rights reserved.
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1. Introduction

It is known that the ionospheric plasma density in the
equatorial, low, middle and high latitude regions is chan-
ged by different physical and chemical processes that are
related to each other (Kivelson and Russell, 1995; Prölss,
2004; Tascione, 2010). The distribution of ionospheric

plasma density in the equatorial and low latitude regions
is controlled by electrodynamics processes in the E and F
regions, which vary due to changes in geomagnetic activity.
The primary reason for the plasma density variations in
low latitudes during geomagnetically quiet periods is the
low latitude electric field produced by the neutral wind
dynamo. This electric field is in the eastward direction on
the dayside, while it is in westward direction on the night-
side. This electric field cause electrons over the equatorial
and low latitude regions E � B drift which is upward dur-
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ing daytime and downward in nighttime. (Schunk and
Nagy, 2000; Danilov and Laštovička, 2001; Prölss, 2004;
Gilda de Lourdes, 2021).

During geomagnetically active periods, the plasma den-
sity at the equatorial and low latitudes is drastically modi-
fied by two main electrodynamics processes. The first
process is prompt penetration electric fields (PPEFs), and
the second process is disturbance dynamo electric fields
(DDEFs). Different orientation of IMF Bz and different
phases of geomagnetic storm occur different PPEFs, which
causes different distributions at ionospheric plasma density.
Since it was focused on the effects of PPEFs on the low lat-
itude ionosphere in this study, the mechanism of PPEFs is
only mentioned (Schunk and Nagy, 2000; Danilov and
Laštovička, 2001; Prölss, 2004; Veenadhari et al., 2010;
Yong et al., 2015; Veenadhari et al., 2019; Kumiko et al.,
2020).

Atsuhiro (1968) proposed the PPEFs for the first time.
Jaggi and Wolf (1973) made the theoretical explanation
of this phenomenon that was so-called the shielding mech-
anism. The source of the shielding electric fields and PPEFs
are the polarized electric field in the ring current region and
the convection electric field in the outer magnetosphere,
respectively. Region 1 (R1) field aligned current (FAC) in
the polar cap associated with the convection electric field
in the outer magnetosphere is called the prompt penetra-
tion electric field, while Region 2 (R2) field aligned current
(FAC) in the polar cap associated with the polarized elec-
tric field in the ring current region is called the shielding
electric field. The directions of these electric fields are oppo-
site, and two processes, called undershielding and over-
shielding occur according to their equilibrium status. In
the undershielding event, the convection electric field is lar-
ger than the shielding electric field, while in the overshield-
ing event, the shielding electric field is greater than the
convection electric field (Takashi et al., 2008; Yong et al.,
2015). The southward turning of the IMF Bz causes the
R1 FAC to increase rapidly. But the increase in R2 FAC
takes a long time because it depends on the development
of the shielding electric field in relation to the polarization
process in the ring current region. Thus, the convection
electric field in the outer magnetosphere penetrates into
the equatorial and low latitude regions and this process is
as called the undershielding phenomenon. The undershield-
ing usually occurs during the main phase of the geomag-
netic storm. During undershieilding conditions, PPEFs
are eastward on the dayside, while they are westward on
the nightside. The eastward PPEFs on the dayside cause
the upward E � B drift of electrons over the equatorial
and low latitude regions which turns out positive iono-
spheric storms in the dayside, while the westward PPEFs
on the nightside cause the downward E � B drift of elec-
trons over the equatorial and low latitude regions which
turns out negative ionospheric storms in the nightside
(Chao and John, 2005; Huba et al., 2005; Chao et al.,
2007; Libo et al., 2008; Takashi et al., 2008; Tsurutani
et al., 2008; Dashora et al., 2009; Veenadhari et al., 2010;

Guo et al., 2011; Yosuke and Michael, 2015; Yong et al.,
2015).

The northward turning of the IMF Bz causes the R2
FAC to increase strongly. Thus, the shielding electric field
penetrates into the equatorial and low latitude regions and
this process is as called the overshielding. The overshielding
usually occurs during the recovery phase of the geomag-
netic storm. During overshieilding conditions, PPEFs are
westward on the dayside, while they are eastward on the
nightside. The westward PPEFs on the dayside cause the
downward E � B drift of electrons over the equatorial
and low latitude regions which turns out negative iono-
spheric storms in the dayside, while the eastward PPEFs
on the nightside cause the upward E � B drift of electrons
over the equatorial and low latitude regions which turns
out positive ionospheric storms in the nightside
(Astafyeva et al., 2018; Erdinç, 2019a, 2019b; Veenadhari
et al., 2019; Akala et al., 2020; Kumiko et al., 2020;
Arowolo, et al., 2021).

Important attempts have been made to understand the
effects of PPEFs on ionospheric and magnetospheric
parameters at the equatorial, low and middle latitudes
(Chao and John, 2005; Huba et al., 2005; Chao et al.,
2007; Libo et al., 2008; Takashi et al., 2008; Tsurutani
et al., 2008; Dashora et al., 2009; Veenadhari et al., 2010;
Guo et al., 2011; Yosuke and Michael, 2015; Yong et al.,
2015; Astafyeva et al., 2018; Erdinç, 2019a, 2019b;
Veenadhari et al., 2019; Akala et al., 2020; Kumiko
et al., 2020; Younas, et al., 2020; Arowolo, et al., 2021).
In these studies, data sets such as Total Electron Content
(TEC), electron density, ionospheric critical frequency
(foF2), geomagnetic field and electric field derived from
different instruments such as GPS, satellite, incoherent
scatter radar, ionosonde, and magnetometer were used
for different local time and longitudinal regions. The stud-
ies indicated that ionospheric electric field increases over
mid and low latitudes during the main phase of the geo-
magnetic storm and these increases are related to the level
of geomagnetic activity. The drift velocity in the equatorial
F region increases during the daytime, while it decreases
during the nighttime. The total electron content (TEC) in
the daytime on the low latitude region increased by up to
a factor of two. During the main phases of geomagnetic
storms, the foF2 values at low latitude increase on dayside,
while the foF2 values decrease on nightside. However, dur-
ing the recovery phases of geomagnetic storms, the foF2
values decrease at dayside, while the foF2 values increase
on nightside. The interplanetary electric field (IEF) pene-
trates to low latitude during geomagnetic storms and its
orientation is closely related to the orientation of IMF Bz

(Yong et al., 2015; Astafyeva et al., 2018; Veenadhari
et al., 2019; Kumiko et al., 2020).

In this paper, the effect of prompt penetration electric
fields (PPEFs) on the plasma density obtained from the
SWARM satellite around noon and midnight of low lati-
tudes was examined during the 07–08 September 2017 geo-
magnetic storm.
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2. Materials and method of analysis

The main focus of this paper is to investigate effects of
the Prompt Penetration Electric Fields (PPEFs) on the dis-
tributions of plasma density in low latitudes under over-
shielding and undershielding conditions of the 07–08
September 2017 geomagnetic storm. It specifically was
focused on around noon and midnight sectors in order to
clearly examine the effects of PPEFs on low latitude iono-
sphere around the noon and midnight. For this study,
plasma density data from European Space Agency (ESA)
Swarm satellite for low latitudes during 05–10 September
2017 is used when the satellite was in orbit around local
noon (10:00–11:00 MLT) and around local midnight
(22:00–23:00 MLT). Swarm is the mission of the ESA to
explore the Earth’s magnetic field, upper atmosphere, and
ionosphere. It provides hourly, 1 min and 1 s high-
resolution measurement of magnetic and electric fields,
plasma density, electron and ion temperatures. The Swarm
satellites consists of three satellites (Alpha, Bravo, and
Charlie) placed on near-polar (87.5� and 88� inclination)
orbits and move with a period by about 1.5 h. In this study,
1 s resolution plasma density data measured by Swarm
Alpha in the ionospheric region between 441 km and
454 km altitude is used. Data was obtained via the VirES
for Swarm (https://vires.services/).

The days of 05–06 September 2017 were selected as geo-
magnetically quiet days, and the plasma density data on
these days were plotted as a quiet-time reference. For geo-
magnetic quiet days, the global geomagnetic activity index
(Kp) is less than or equal to 3. Thus, the change of the
plasma density around noon and midnight of low-
latitude in response to the reorientations of IMF Bz and
different phases of geomagnetic storm was compared with
the values over the quiet days. Firstly, variation of plasma
density around the noon and midnight side between 20:00
UT and 06:00 UT on 07 and 08 September 2017 was plot-
ted, so that it can be possible to investigate the effect of
PPEFs on the plasma density around the noon and mid-
night side during the main phase of the geomagnetic storm
with southward IMF Bz and the recovery phase of geomag-
netic storm with northward IMF Bz. Next, it was plotted
temporal variation of IMF Bz, Dst and plasma density
around midnight side and around noon side in groups of
two days between 05 and 10 September 2017, so that it
can be possible to compare the distribution of plasma den-
sity for geomagnetically active and quiet days.

3. Results and discussion

Fig. 1 (a-d) show temporal variation of IMF Bz and Dst,
latitudinal variation of the plasma density (Ne) measured
by the Swarm satellite around noon (�10:30 MLT) and
midnight (�22:30 MLT) from 20:00 UT to 06:00 UT on
07 and 08 September 2017, respectively. The cases of
Fig. 1a and b can be divided into two intervals. For
Fig. 1a, the first interval is 4 h with southward IMF Bz

from 21:00 UT to 00:00 UT, while the second interval is
5 h with northward IMF Bz from 01:00 UT to 05:00 UT.
Note that the northward turning of IMF Bz also includes
significant decrease in the magnitude of southward IMF
Bz (still remains southward for 01:00 UT). For Fig. 1b,
the first interval (as called main phase of geomagnetic
storm) is 5 h between 21:00 and 01:00 when Dst values
decrease. The minimum value of Dst during this time inter-
val is �124 nT. The second interval (as called recovery
phase of geomagnetic storm) is 5 h between 02:00 and
06:00 when Dst values increase. Because the IMF Bz and
Dst values at 20:00 UT on 07 September was close to the
geomagnetically quiet value (around 0), the plasma density
data of noon (�10:30 MLT) and midnight (�22:30 MLT)
for this hour are selected as a quiet-time data. For the case
of Fig. 1a, the IMF Bz starts to southward turning at 21:00
UT, increase gradually in magnitude, and reaches its max-
imum value with �24 nT at 00:00 UT. Although IMF Bz

still remains southward for 01:00 UT, the IMF Bz starts
to northward turning at 01:00 UT, increase gradually in
magnitude, and reaches its maximum value with 11 nT at
05:00 UT. Then IMF Bz become close to the geomagneti-
cally quiet value at 06:00 UT. It can be seen from Fig. 1b
that Dst value starts to decrease gradually from 21:00
UT and reaches its minimum value with �124 nT at
01:00 UT. The main phase of the geomagnetic storm ends
at 01:00 UT. Then the recovery phase of the geomagnetic
storm starts and Dst value increases gradually from 01:00
UT. The IMF Bz is southward during the main phase of
geomagnetic storm, while it is usually northward during
the recovery phase of geomagnetic storm.

The plasma density data around noon (�10:30 MLT)
and midnight (�22:30 MLT) for 20:00 UT was plotted as
quiet-time reference data (top graphic of Fig. 1c and d).
The Swarm satellite data around noon (Fig. 1c) were not
available for 22:00 UT on 07 September and for 01:00
UT, 04:00 UT and 06:00 UT on 08 September, while the
Swarm satellite data around midnight (Fig. 1d) were not
available for 21:00 UT on 07 September and for 00:00
UT, 02:00 UT and 05:00 UT on 08 September. The
4-hour continuous enhancement in the magnitude of
southward IMF Bz during the main phase of the geomag-
netic storm increased gradually the plasma density around
noon between 21:00 UT and 00:00 UT. The enhancement
in plasma density occurred almost immediately after IMF
southward turning at 21:00 UT. When the magnitude of
the southward IMF Bz has its maximum at 00:00 UT, the
plasma density reached its maximum values for around
noon. The plasma density around noon has two peak val-
ues around 6oS and 23oN latitudes. The plasma density
around these latitudes was increased by a factor of 5–6
compared to the previous quiet-time values. However, the
plasma density around midnight showed a decrease gradu-
ally in response to the southward turning of IMF Bz

between 21:00 UT and 00:00 UT.
The plasma density around noon showed a sudden

decrease in response to the IMF northward turning at
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02:00 UT. This decrease in plasma density occurred at a
maximum level between 5oS and 15oS latitudes and
between 20oN and 30oN latitudes. The decrease in plasma
density continued with the increase in the magnitude of the
northward IMF Bz. The plasma density around 6oS and
23oN latitudes for 03:00 UT was decreased by a factor of
10 and 5 compared to the plasma density around 6oS and
23oN latitudes for 00:00 UT. However, the 4-hour contin-
uous enhancement in the magnitude of northward IMF Bz

during the recovery phase of the geomagnetic storm
increased gradually the plasma density around midnight
between 01:00 UT and 04:00 UT. The plasma density
around midnight at 06:00 UT was close to the quiet-time
data at 20:00 UT.

Fig. 2a and b show the temporal variation of IMF Bz

and Dst during 05–06 September 2017, respectively. The
blue dashed line indicates the geomagnetic quiet value. It
can be seen from Fig. 2a and b that IMF Bz and Dst values
have around geomagnetically quiet value during this per-
iod. Therefore, 05–06 September 2017 period was selected
as geomagnetically quiet-time. Fig. 2c and d show the tem-
poral variation of plasma density (Ne) as a function of geo-
graphic latitude and longitude around noon (10:00–11:00
MLT) and the temporal variation of plasma density (Ne)
as a function of geographic latitude and longitude around

midnight (22:00–23:00 MLT) during 05–06 September
2017, respectively.

For the eastern longitudes of Fig. 2c, the plasma density
has the highest values between 10oS and 20oN. Between
01:00 and 07:00 UT on September 05, the plasma density
has two peak values around 5oS and 15oN. For latitudes
outside region between 10oS and 20oN, the plasma density
gradually decreases as the latitude increases in both hemi-
spheres. For the western longitudes of Fig. 2c, plasma den-
sity has maximum values during South Atlantic Anomaly
region between 15oN and 25oS. For latitudes outside this
region, the plasma density gradually decreases as the lati-
tude increases in both hemispheres. For the eastern longi-
tudes of Fig. 2d, although regional increases in plasma
density were observed between 10oN and 10oS, it usually
has values less than 0.3 � 106 cm�3. For the western longi-
tudes of Fig. 2d, the plasma density generally shows a dis-
tribution with values less than 0.45 � 106 cm�3 outside the
region bounded by 5oS-30oS and 60oW-100oW where the
maximum increase occurs.

Fig. 3a and b show the temporal variation of IMF Bz

and Dst during 07–08 September 2017. Between 00:00UT
and 20:00UT on 07 September, although there are fluctua-
tions in IMF Bz and Dst values, geomagnetic activity is
quiet between these hours. However, the geomagnetic

Fig. 1. Between 20:00 UT and 06:00 UT on 07–08 September 2017 (a) Variation of IMF Bz. (b) Variation of Dst. (c) Latitudinal variation of plasma

density (Ne) around noon (�10:30 MLT). (d) Latitudinal variation of plasma density (Ne) around midnight (�22:30 MLT).
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storm can be clearly seen from the temporal changes of
IMF Bz and Dst values between 21:00 UT on 07 September
and 23:00 UT on 08 September. Fig. 3c and d show the
temporal variation of plasma density (Ne) as a function
of geographic latitude and longitude around noon
(10:00–11:00 MLT) and the temporal variation of plasma
density (Ne) as a function of geographic latitude and longi-
tude around midnight (22:00–23:00 MLT) during 07–08
September 2017, respectively. For the eastern longitudes
of Fig. 3c during the period between 01:00 UT and 09:00
UT on 07 September, plasma density has its highest values
between latitudes 20oN and 10oS. In this region, plasma
density has two peak values around 5oS and 15oN lati-
tudes. Plasma density in latitudes outside the equatorial
region exhibits a decreasing pattern with increasing latitude
in both hemispheres. The distribution of plasma density
during this period is very similar to the distribution of
plasma density for geomagnetically quiet-time.

For the western longitudes of Fig. 3c during the period
between 10:30 UT and 21:30 UT on 07 September, plasma
density has maximum values during South Atlantic Ano-
maly region between 10oN and 25oS. The plasma density
on the outside of this region generally shows a distribution
with values less than 0.45 � 106 cm�3. The distribution of
plasma density during this period is very similar to the dis-
tribution of plasma density for geomagnetically quiet-time.

For the eastern longitudes of Fig. 3c during the period
between 23:00 UT and 10:00 UT, plasma density increase
gradually during the main phase of the storm with south-
ward IMF Bz and reaches its maximum values at 01:00
UT on 08 September. The distribution of plasma density
during this period has two peak values around 10oS and
20oN. The plasma density begins to decrease in association
with the northward turning of the IMF Bz at 00:00 UT on
September 08, continues to decrease between 00:00 UT and
04:00 UT in association with the recovery phase of geo-
magnetic storm, and reaches its minimum value around
04:00 UT on September 08. Then the plasma density
increases again in the region between 20oS and 20oN from
05:00 UT to 08:00 UT on 08 September. For the eastern
longitudes of Fig. 3c during the period between 11:30 UT
and 21:00 UT on 08 September, plasma density has maxi-
mum values during region between 15oN and 20oS. The
plasma density on the outside of this region generally
shows a distribution with values less than 0.45 � 106

cm�3. For the western longitudes of Fig. 3d during the per-
iod between 00:30 UT and 10:00 UT on 07 September, the
distribution of plasma density exhibits small fluctuations
during South Atlantic Anomaly region between 15oN and
20oS. Plasma density in latitudes outside this region shows
a decreasing pattern with increasing latitude in both hemi-
spheres. For the eastern longitudes of Fig. 3d during the

Fig. 2. During 05–06 September 2017 (a) Temporal variation of IMF Bz. (b) Temporal variation of Dst. (c) Temporal variation of plasma density (Ne) as a

function of geographic latitude and longitude around noon (10:00–11:00 MLT). (d) Temporal variation of plasma density (Ne) as a function of geographic

latitude and longitude around midnight (22:00–23:00 MLT).
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period between 11:00 UT and 20:30 UT on 07 September,
plasma density usually has values less than 0.4 � 106 cm�3.
For the western longitudes of Fig. 3d during the period
between 22:30 UT and 09:00 UT on 07–08 September,
the plasma density exhibits a fluctuating distribution with
enhancements and reductions between 30oN and 40oS from
22:30 UT to 06:00 UT in association with the orientation of
IMF Bz and the main and recovery phase of the geomag-
netic storm. The plasma density begins to decrease in asso-
ciation with the southward turning of the IMF Bz at 00:00
UT on September 08 and continues to decrease between
00:00 UT and 02:00 UT in association with the main phase
of geomagnetic storm. Then the plasma density begins to
increase in association with the northward turning of the
IMF Bz and it continues to increase between 40oS and
20oN from 02:00 UT to 06:00 UT on 08 September in asso-
ciation with the recovery phase of geomagnetic storm. The
observed increases in plasma density during this period
occurred at a maximum level around 10oN and 30oS lati-
tudes. However, the plasma density decreases around 10oS.

The plasma density decreases after 06:00 UT and gener-
ally exhibits a distribution with values lower than 0.3 � 106

cm�3. For the eastern longitudes of Fig. 3d during the per-
iod between 10:30 UT and 21:00 UT on 07 September,
plasma density decreased greatly in the region between
10oN and 10oS latitudes from 15:00 UT to 16:00 UT on

08 September. However, plasma density increased in this
region after 16:00 UT. In addition, plasma density
increases greatly between 15:00 UT and 18:00 UT around
20oN and 15oS latitudes. For other latitudes and longi-
tudes, the plasma density generally shows a distribution
with values less than 0.3 � 106 cm�3.

Fig. 4a and b show the temporal variation of IMF Bz

and Dst during 09–10 September 2017, respectively. The
IMF Bz have around geomagnetically quiet values from
00:00 UT on 09 September to 03:00 UT on 10 September.
The IMF Bz data were not available between 03:00 UT and
23:00 UT on 10 September. Dst is about �80 nT at 00:00
UT on September 09. The Dst value gradually increases
in association with the recovery phase of the geomagnetic
storm and approaches the geomagnetically quiet value.
Fig. 4c and d show the temporal variation of plasma den-
sity (Ne) as a function of geographic latitude and longitude
around noon (10:00–11:00 MLT) and the temporal varia-
tion of plasma density (Ne) as a function of geographic lat-
itude and longitude around midnight (22:00–23:00 MLT)
during 09–10 September 2017, respectively. It can be
clearly seen from Fig. 4c and d that the distributions of
plasma density over eastern and western longitudes around
noon and midnight during 09–10 September 2017 are very
similar to the distribution of plasma density 05–06 Septem-
ber 2017 which is geomagnetically quiet-time. That is, the

Fig. 3. During 07–08 September 2017 (a) Temporal variation of IMF Bz. (b) Temporal variation of Dst. (c) Temporal variation of plasma density (Ne) as a

function of geographic latitude and longitude around noon (10:00–11:00 MLT). (d) Temporal variation of plasma density (Ne) as a function of geographic

latitude and longitude around midnight (22:00–23:00 MLT).
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plasma density values after the geomagnetic storm tend to
approach the plasma density data in the geomagnetically
quiet period.

The observations clearly indicate that the interplanetary
electric field (IEF) penetrates to ionosphere on the low and
equatorial latitude regions and its effects on the ionospheric
plasma density vary in association with orientation of IMF
Bz, different phases of geomagnetic storm and local time.
The plasma density enhancements and reductions detected
by the Swarm satellite during 07–08 September geomag-
netic storm are caused by the prompt penetration electric
fields (PPEFs).

The results are in agreement with the results from studies
that investigate the effects of the interplanetary electric field
(IEF) on the low latitude ionosphere (Chao and John, 2005;
Huba et al., 2005; Chao et al., 2007; Libo et al., 2008;
Takashi et al., 2008; Tsurutani et al., 2008; Dashora et al.,
2009; Veenadhari et al., 2010; Guo et al., 2011; Yosuke
and Michael, 2015; Yong et al., 2015; Astafyeva et al.,
2018; Erdinç, 2019a, 2019b; Veenadhari et al., 2019;
Kumiko et al., 2020; Younas et al., 2020; Arowolo et al.,
2021). These studies have shown that if the interplanetary
electric field (IEF) during geomagnetic storms penetrates
to the low-latitude ionosphere it cause significant redistribu-
tion of the ionospheric electron density. During the main
phase of the geomagnetic storm with southward IMF Bz,
the eastward PPEFs on the dayside drive the ionospheric

plasma to higher altitudes owing to E � B drift, and
decrease in recombination rate for higher altitudes cause
increases in the plasma density, while the westward PPEFs
on the nightside drive the ionospheric plasma to lower alti-
tudes owing to E � B drift, and increase in recombination
rate for lower altitudes cause decreases in the plasma den-
sity. During the recovery phase of the geomagnetic storm
with northward IMF Bz, the westward PPEFs on the day-
side drive the ionospheric plasma to lower altitudes owing
to E � B drift, and increase in recombination rate for lower
altitudes cause decreases in the plasma density, while the
eastward PPEFs on the nightside drive the ionospheric
plasma to higher altitudes owing to E � B drift, and
decrease in recombination rate for higher altitudes cause
increases in the plasma density.

4. Conclusions

In this paper, the effect of prompt penetration electric
fields (PPEFs) on the plasma density obtained from the
SWARM satellite for low latitudes during the 07–08
September 2017 geomagnetic storm was examined. The
main results from the study are as follows:

� During the main phase of geomagnetic storm with
southward IMF Bz, plasma density increased around
noon (10:00–11:00 MLT), while plasma density

Fig. 4. During 09–10 September 2017 (a) Temporal variation of IMF Bz. (b) Temporal variation of Dst. (c) Temporal variation of plasma density (Ne) as a

function of geographic latitude and longitude around noon (10:00–11:00 MLT). (d) Temporal variation of plasma density (Ne) as a function of geographic

latitude and longitude around midnight (22:00–23:00 MLT).
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decreased around midnight (22:00–23:00 MLT). The
mechanisms that cause to the enhancements and reduc-
tions in the plasma density around noon and midnight
during this period include the undershielding effect.

� During the recovery phase of geomagnetic storm with
northward IMF Bz, plasma density decreased around
noon (10:00–11:00 MLT), while plasma density
increased around midnight (22:00–23:00 MLT). The
mechanisms that cause to the reductions and enhance-
ments in the plasma density around noon and midnight
during this period include the overshielding effect.

� The plasma density around both noon and midnight
after the geomagnetic storm shows a distribution very
similar to the distribution of plasma density during the
geomagnetically quiet period.

The results show that the changes in plasma density
around noon side and midnight side during the main phase
and recovery phase of geomagnetic storm is associated with
the PPEFs. During the main phase of the geomagnetic
storm with southward IMF Bz, the plasma density around
the noon side increased due to the eastward PPEFs while
the plasma density around midnight side decreased due
to the westward PPEFs.
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