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Abstract

Study of the dynamic nature of low-latitude ionosphere
during geomagnetically disturbed conditions, especially in
the EIA and the magnetic equatorial regions are vital for
understanding the underlying physics as well as for miti-
gating space weather hazards on the sophisticated techno-
logical systems essential for human civilization. An im-
portant aspect of the space weather studies is the thor-
ough understanding of coupling between the solar wind and
the terrestrial magnetosphere-ionosphere system and subse-
quent influence on the low-latitude ionosphere. This paper
presents an effort to understand the influence of actual val-
ues of the north-south component of Interplanetary Mag-
netic Field (IMF, Bz) on the vertical plasma drifts at a loca-
tion near the EIA and the geomagnetic equator. The strong
storm event of October 13, 2016, falling in the descend-
ing phase of solar cycle 24, has been taken up as a case
study. Thermosphere-Ionosphere-Electrodynamics General
Circulation Model (TIEGCM) simulation runs have been
performed under two scenarios: first when no coupling is
present (IMF Bz = 0 nT) and second when actual obser-
vations of the values of IMF Bz is given as inputs to the
model. Observations show when actual data is fed to the
model, there is significant shift of the vertical drift towards
westward, while there is an increase in the peak value of
the westward drift after the pre-reversal enhancement. This
study is an initial effort to understand the variations in low-
latitude plasma motions during the main phase of strong
geomagnetic storms. This initial work will be followed up
with understanding the global plasma drift variations under
the influence of other components of the IMF near the EIA
and the dip equatorial regions.

1 Introduction

The occurrence of geomagnetic storms is associated with
input of the energy of the solar wind and subsequent cou-
pling of the same with the Magnetosphere-Ionosphere (MI)
system. In general, these storms occur when the north-
south component (Bz) of the frozen-in Interplanetary Mag-
netic Field (IMF), emanating from the Sun and carried by
the solar wind into the heliosphere, turns completely south-
ward (or negative Bz by convention) and remains in this
state for several hours while reconnecting with the geomag-

netic field [1-2]. These phenomena occur mainly following
a Coronal Mass Ejection (CME) or successive CMEs and
the type of magnetic storms driven by this solar transient are
generally refereed to as CME-driven geomagnetic storms.
Additionally, these type of storms occur from components
like the strong magnetic field in the ejecta, the strong mag-
netic field of the sheath and the interplanetary shocks. It is
to be noted that these storms mainly occur in the ascending
phase and solar maximum phase of solar cycles (or solar
activity cycle of ≈ 11 years duration). The Storm Sudden
Commencements (SSC), before the onset of the main phase
of these type of storms, are associated with the interplane-
tary shocks that are driven by the CMEs while the recovery
phase lasts for only about one-two days [3-4]. A geomag-
netic storm’s beginning is noted with large variations of Bz
in addition to the transmission of magnetospheric convec-
tion electric field (with an associated equivalent current sys-
tem having average periods of the order of few minutes to
about 3 hours) from the higher to the lower-equatorial lati-
tudes, also called as the Prompt Penetration Electric Fields
(PPEF and eastward during dawn-to-dusk) which cause se-
vere perturbations to the low-latitude electrodynamics [5-
10].

The ionosphere of the low-latitude region is character-
ized by a phenomenon known as the Equatorial Ionization
Anomaly (EIA), that starts around 09 Local Time (LT) and
moves towards higher latitudes up to 15-20◦ magnetic dip
latitude around 16 LT and returns back to the magnetic
equator around 24 LT. This phenomena is caused as a re-
sult of the two plasma motions: one perpendicular to the
geomagnetic field and generating drifts upward the zonal
electric field (eastward during daytime and westward dur-
ing nighttime) produced by E region dynamo and the ge-
omagnetic field and the other parallel to the geomagnetic
field, that cause the plasma to diffuse down following the
geomagnetic field line under influence of ambipolar diffu-
sion drift related to gravity and pressure gradients [11-16].

The present work investigates the changes in the plasma
drift, near the dip equator and the EIA regions, that were
caused due to the influence of the CME-driven geomag-
netic storm of October 13, 2016 by utilizing simulations
from the Thermosphere-Ionosphere-Electrodynamics Gen-
eral Circulation Model (TIE-GCM) developed by NCAR.



Firstly, the analysis is performed by simulating the vertical
plasma drifts at Indore:IDR (a location near the EIA, mag-
netic dip of 32.23◦N) and Tirunelveli: TIR (a dip equatorial
location, magnetic dip of 0.2◦N) under no variations of the
IMF Bz (i.e: Bz = 0 nT) and then by simulating the same
for these two locations, with observed values of Bz during
the entire day of October 13, 2016. The motivation of the
work comes from the need of understanding these physics-
based models and their performance such that these models
can be reliably run across locations where actual data from
ionosondes or GNSS receivers are not present. The paper
is divided starting with a general discussion of the NCAR
TIEGCM model followed by the results, the corresponding
discussions and the summary sections.

2 Data: The TIEGCM

The National Center for Atmo-
spheric Research (NCAR) TIE-GCM
(https://www.hao.ucar.edu/modeling/tgcm/tie.php) is a
3D, non-linear and first principles representation of the
coupled ionosphere and thermosphere system. It consists
of self-consistent solution of the mid-and low-latitude
dynamo field. It solves energy, continuity and momentum
equations for ion and neutral species at every time-step
(typically 120 s) using a semi-implicit, 4th-order, finite
difference method on each pressure surface in a vertical
grid. The standard parameters in this model are: latitudinal
and longitudinal extent from -87.5◦ to +87.5◦ and -180◦ to
+180◦ respectively, in steps of 5◦, altitude-wise pressure
level from -7 to +7 in steps of H

2 with lower boundary
≈97 km and upper boundary ≈500-700 km (depending
on the solar activity condition). The inputs to this model
are: daily solar radio flux (F10.7) and its 81-day centered
mean (F10.7_81) while the output parameters (specified in
3D spatial and time dimensions) are: Height of pressure
surfaces in cm, electron, ion and neutral temperatures in K,
compositions like N2+, NO+, N+, Ne, NO, N(4S), N(2D),
O, O2, O+, O2+, meridional, vertical and zonal drifts
in m/s and potentials both geographic and geomagnetic
coordinates. Several researchers [17-22] have shown the
capability of the TIEGCM to understand geomagnetically
disturbed as well as quiet-time conditions’ ionospheric
electrodynamic processes thus making it an ideal simula-
tion platform that closely reproduces and resembles the
same.

3 Results and Discussions

3.1 Interplanetary and geomagnetic condi-
tions

A CME erupted into the space as a result of the erup-
tion of a magnetic filament from the northern hemisphere
of the Sun around 16 UT on October 08, 2016. The
CME arrived at L1-point around 21:21 UT on October
12, 2016. Following the events, a G2 class (K_p =
6, NOAA scales: http://swpc/noaa.gov/noaa) geomagnetic

storm commenced on October 13, 2016 at around 08:15 UT
(https://www.spaceweather.com/archive). Figure 1 from
top panel to bottom panel shows the IMF Bz (in nT), the
average solar wind flow speed Vsw (in km/s), the Interplan-
etary Electric Field (IEF) Ey (in mV/m) and the one-minute
average of Dst index: SYM-H index (in nT) during October
12-14, 2016. The shaded region (24-48 UT) shows the day
(October 13, 2016) of the main phase of the geomagnetic
storm. The IMF Bz had been below -10 nT during October
13, 2016 from 08:26 UT to 21:58 UT. It reached minimum
value of -21 nT on 15:18 UT of the same day, thus signi-
fying strong coupling between the solar wind and the MI
system. The average Vsw values on October 12, 2016 had
been around 367 km/s, rose to values around 411 km/s dur-
ing the day of the storm main phase (October 13, 2016) and
dropped back to about 369 km/s on October 14, 2016. The
IEF Ey had also showed a peak on October 13, 2016 around
16:18 UT with a value of 8.77 mV/m, as a result of higher
values of Vsw and strong southward IMF Bz conditions on
October 13, 2016. The SYM-H here shows minimum value
of -114 nT on 23:45 UT, thus designating the event to be a
strong/intense (Dst/SYM-H <-100 nT) geomagnetic storm
[23].

Figure 1. From top to bottom: IMF Bz (in nT), Vsw (in
km/s), IEF Ey (mV/m) and the SYM-H (in nT) from Octo-
ber 12 through 14, 2016. The shaded rectangle (24-48 UT)
marks October 13, 2016: the period of main phase of the
geomagnetic storm.

3.2 TIEGCM results

Figure 2 shows the TIEGCM simulation results on October
13, 2016. As discussed in the introduction section, the lo-
cations observed are IDR and TIR which are locations near
the EIA and the geomagnetic equator passing the Indian
subcontinent. The top panel shows the vertical drift varia-
tion of both IDR (in blue) and TIR (in red) when IMF Bz
was set to 0 nT (scenario 1). The bottom panel shows the
same with the observed IMF Bz values as obtained from the
omniweb database (scenario 2). On investigating the sim-



ulation results, it can be seen that when the model is fed
with actual or observed data, the difference in the eastward
(positive values) peak of the vertical plasma drift reduces
while there is an increase of the same in the westward (neg-
ative values) peak. Furthermore, feeding of the observed
IMF Bz reduces the overall level of the eastward drift but in-
creases the westward drift after the Pre-Reversal Enhance-
ment (PRE) around 13 UT (or 18:30 LT). It is also to be
noted that at an off-equatorial location (IDR), the PRE gets
suppressed in both the simulation scenarios, however there
is no effect of the same on equatorial location’s (TIR) PRE
levels. The possible reason of these suppressions could be
attributed to the disturbance dynamo effect which is getting
reflected in an off-equatorial location. From this figure it
is evident that when applying real data of the IMF Bz, the
overall level of the drift is getting reduced (more westward).
Thus indicating a possible mechanism that is affecting the
vertical drifts of both off-equatorial and equatorial locations
under geomagnetic storm effect.

Figure 2. Variation of the vertical plasma drifts over an
equatorial location (TIR in red) and an off-equatorial loca-
tion (IDR in blue) on the day (October 13, 2016) of main
phase of the geomagnetic storm event, when Top panel
(Scenario 1): IMF Bz is set to zero throughout the TIEGCM
run and bottom panel (Scenario 2): when actual values of
Bz is fed as inputs to the model throughout the main phase
period.

4 Summary

The low-latitude ionosphere is dynamic in nature, espe-
cially in and around the EIA, where almost two-thirds of
the global ionization gets concentrated. In addition, the
perturbations might increase or decrease when there is an
external driver such as geomagnetic storms as a result of
solar outburst and subsequent strong coupling of the solar
wind and MI system. There arises a need to understand the
effect of the IMF parameters (especially Bz) during such
events on the plasma motion in the form of drift from equa-
torial to off-equatorial locations. This study compares the
TIEGCM simulation results of the vertical plasma drift over

both EIA and magnetic equator in the Indian sector under
the scenario of no coupling of the solar wind with MI sys-
tem (Bz = 0 nT) and a scenario with actual observations of
Bz fed to this model. Observations brought forward the fact
that there had been significant difference in the variation
of the vertical plasma drift, in the form of suppression of
the entire profile towards westward, when the model was
fed with actual observations of IMF Bz. Further studies
with variations of the IMF conditions, under geomagneti-
cally disturbed as well as quiet-time conditions, fed to the
TIEGCM model could bring out new physical mechanisms
that are taking place at such highly geosensitive locations
over low-to-equatorial latitudes, especially in and around
the EIA and the magnetic equator. This initial work will be
followed up by thorough investigation of the effects of the
other IMF components on the global plasma drift motions
over these dynamic locations.
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