
URSI GASS 2021, Rome, Italy, 28 August - 4 September 2021

Effects of thermospheric meridional winds on the interhemispheric asymmetry of the equatorial
ionization anomaly over the African sector

A. Loutfi(1), F. Pitout(1), A.Bounhir(2), Z. Benkhaldoun(2), and J. J. Makela(3)

(1) IRAP, CNES/CNRS/Toulouse University, Toulouse, France.
(2) Oukaimeden Observatory, Laboratory of High Energy Physics and Astrophysics, FSSM, Cadi Ayyad University,

Marrakech, Morocco
(3) Department of Electrical and Computer Engineering, University of Illinois at Urbana-Champaign, Urbana, Illinois, USA.

Abstract

Observations made by the Langmuir probe on board the
Swarm satellites and Fabry-Perot interferometer (FPI) in-
stalled at the Oukaimeden Observatory in Morocco have
been systematically analyzed, by making use of three years
of measurements from 2014 to 2016, to find the effect of ge-
omagnetic activity on the thermosphere-ionosphere system
and the coupling between these two layers. The effect of
meridional neutral winds on equatorial ionization anomaly
(EIA) crests have been classified during both quiet and dis-
turbed conditions. Over the studied region, the southward
meridional winds have the tendency to enhance the north-
ern crest of the EIA during quiet time and in a more pro-
nounced way during geomagnetically disturbed conditions.
Moreover, very low electron densities, at times lower than
5×103 cm−3, are observed during disturbed conditions. Fi-
nally, we have quantified the relations between the FPI data
and the EIA, during both quiet and disturbed conditions by
introducing an asymmetrical index.

1 Introduction

One of the important phenomena of the equatorial and mid-
latitude ionosphere irregularities is the equatorial ionization
anomaly (EIA). It is formed as a consequence of the foun-
tain equatorial effect [1], occurring by the upward vertical
ExB/B2 plasma drift that elevates the F-region ionosphere
plasma to higher altitudes over the magnetic equator, fol-
lowed by diffusion along the geomagnetic field lines, that
moves the plasma down and away from the equator, form-
ing ionization crests on both sides of the magnetic equa-
tor and an ionization trough over the dip equator. The lat-
itudinal plasma distribution that characterizes the EIA (a
through at the magnetic equator and two crests at approxi-
mately ±17° latitude) is well predicted by many theoretical
models [2, 3]. The dynamics of the EIA is significantly
influenced by serval parameters. One of them is the ther-
mospheric neutral wind.
Several studies have investigated the interhemispheric
asymmetries of the mid-latitude ionosphere, including the
asymmetries of the latitudinal positions and intensities of
EIA crests. Moreover, the significant longitudinal varia-

tions of the EIA interhemispheric asymmetry have been
studied in previous works [4, 5], where, the seasonal vari-
ability of the interhemispheric asymmetry of the EIA crests
with a global view in both solstices and equinoxes have
been reported in recent years. One of the prime candidates
that govern the EIA variability is the change in magnitude
and direction of the neutral wind field initiated by global
or local pressure distribution and ambipolar diffusion as-
sociated with neutral density and scale height [6]. The
EIA asymmetry, not only depend on seasons, solar activity,
time, longitudinal and latitude, it also depends on the dis-
placement between the geographic and geomagnetic equa-
tors and the magnetic declination angle [5], which is the
largest in the American sector. Despite all these studies,
the interhemispheric asymmetry of the topside ionosphere
needs to be further investigated. Studying the ionosphere-
thermosphere coupling has recently become more feasible
due to the increasing availability of observations and mod-
elling capabilities. However, many key challenges and is-
sues remain open, as there are large discrepancies in esti-
mates of some of these processes.
This paper aims to present the coupling of the ionosphere-
thermosphere during both quiet and disturbed periods
through the study of the effect of meridional winds on
the EIA crests asymmetry. It is the first time that such a
study has been achieved in the Africa sector. Data used in
this study were collected during the declining solar cycle
(2014-2016). In Section 2, we describe the FPI instrument
and methods used to produce the estimates of the thermo-
spheric neutral winds. A brief description of the SWARM
instrument is included in this section. Section 3 provides a
general classification of the thermospheric-ionospheric re-
sponse to the storms observed during the studied period.
Then, we present an analysis of the disturbed data through
the introduced symmetrical index versus the meridional
winds. Finally, the last section is devoted to conclusions.

2 Data and method

2.1 Fabry-Perot interferometer

The thermospheric wind data are provided by a Fabry-Pérot
interferometer installed at Oukaimeden Observatory in Mo-



rocco (Geographic coordinates: 31.206°N, 7.866°W; mag-
netic latitude: 22.84°N; elevation: 2700 m) [7]. The FPI
[8] measures the thermospheric wind and temperature by
observing the 630-nm airglow generated by the dissociative
recombination of O2+, which takes place at an average al-
titude of 250 km approximately. This instrument contains:
(1) a sky scanner system having two mirrors with dual-axis
that can be moved to point out to any direction (azimuth
angle/zenith), (2) a 42-mm diameter etalon with an air gap
spacing of 15 mm, (3) a narrow band interference filter to
isolate the emission of interest, and finally (4) a thermoelec-
trically cooled CCD to capture the interference pattern pro-
duced by the etalon. The resultant interference pattern is an-
alyzed using the methodology used to analyze the resultant
interference pattern described in detail in [9]. We adopt the
method detailed in [10] to determine thermospheric wind
variability. 545 nights, with FPI data available from 2014
to 2016, were classified according to two geomagnetic in-
dices, SYM-H and Kp. We have 504 quiet nights referring
to SYM-H≥-20 and Kp≤2, and 41 disturbed nights with
SYM-H≤-50 and Kp≥5. This classification (quiet and dis-
turbed days) will be presented for creating the ionosphere-
thermosphere coupling.

2.2 Swarm

Swarm is a European Space Agency mission designed to
study the Earth’s magnetic field [11]. It’s a constellation
of three satellites equipped with identical instruments and
placed on polar orbits (inclination 87.55°), which accom-
modate a comprehensive payload designed to measure the
magnetic field, but also all the features that can locally mod-
ify it. Swarm A and C are located at 460 km of altitude
whereas Swarm B is flying at 530 km. Langmuir Probes
(LP) in Swarm satellites allow to estimate the electron den-
sity (Ne) and temperature (Te) of a plasma. In the next
section, we will analyze the variation of the electron den-
sity as a function of magnetic latitude and in different lo-
cal time (LT) sectors. Most of the processes occurring in
the ionosphere have a marked magnetic latitudinal depen-
dence [12]. So, we converted geographical coordinates into
quasi-dipole coordinates [13]. Swarm Alpha (A), Swarm
Bravo (B), and Swarm Charlie (C) satellites are named
hereafter SWA, SWB, and SWC, respectively. For creat-
ing climatologies of the ionosphere electron density, we
have selected all swarm satellite passes that cross a rect-
angle of -60°S, 60°N in magnetic latitude and -7.88°-4°W
and -7.88°+4°W in geographic longitude.

3 The Thermosphere-Ionosphere coupling

The thermospheric neutral wind, especially its meridional
component, has a very important effect on the final config-
uration of the EIA. Figure 1 shows four examples of the
electron density response to disturbed (top four panels) and
quiet nights (bottom four panels) and the corresponding
meridional neutral wind. By analyzing the observed data
obtained from Swarm satellites (electron density) with the

Figure 1. Four examples of response of the electron density
to disturbed (four top panels) and quiet nights (four bottom
panels). All left panels show the electron density recorded
by the Langmuir probe on board a Swarm spacecraft. All
right panels show the corresponding meridional wind speed
given by the HWM14 model with a dot which represents
the closest FPI measurement (positive values are northward
meridional winds).

meridional wind speed obtained by Fabry-Perrot interfer-
ometer over the studied area, two typical types of EIA crests
response are shown in the present section: 1) asymmetrical
EIA crests and 2) symmetrical EIA crests with respect to
the equator. Both cases are observed during both quiet and
disturbed conditions.
From our observations, the case of a symmetrical EIA crests
most likely is generated by either weak wind speeds or by
converging/diverging winds with about the same velocity in
both hemispheres. On the other hand, a northward or south-
ward trans-equatorial meridional wind is a good candidate
for this EIA asymmetry generation. More details concern-
ing this analysis will be available in a forthcoming paper
where Fabry-Perrot and Swarm data are used along with
HWM14 winds simulation results. From observed results
most ionospheric electron density provided by Swarm dur-
ing geomagnetically disturbed conditions are much lower
than correspondent quiet time.
The Swarm data have been sorted by seasons (equinoxes
and solstices) in order to relate more accurately to the wind
data. We introduce an asymmetry index equal to the differ-
ence between electron density values at northern (Ne)nc and
southern (Ne)sc EIA crests divided by their average (see
equation (1)).

a =
2∗ [(Ne)nc − (Ne)sc]

(Ne)nc +(Ne)sc
(1)

The figure 2 and 3 show meridional wind speed as a func-
tion of the index (a) over 3 years. (a) was calculated for



Figure 2. Meridional wind speed as a function of the
index (a) over 3 years of all the pass satellites SWA,
SWB, SWC during quiet nights of FPI data for all seasons:
around December solstice (blue points), March equinox
(green points), June solstice (yellow points), and September
equinox (red points). Positive values are northward merid-
ional winds.

Figure 3. Meridional wind speed as a function of the in-
dex (a) over 3 years of all the pass satellites SWA, SWB,
SWC during disturbed nights of FPI data for all seasons:
around December solstice (blue points), March equinox
(green points), June solstice (yellow points), and September
equinox (red points). Positive values are northward merid-
ional winds.

each satellite (SWA, SWB, SWC) overflight during quiet
and disturbed nights of FPI data. The data are sorted by
season: around December solstice (blue points), March
equinox (green points), June solstice (yellow points), and
September equinox (red points). Positive values are north-
ward for meridional winds.
It is evident that the asymmetry of the EIA crests is the most
probable phenomena with the northern crest higher than the
southern one (more data points in the bottom right quadrant
of 2 and 3). This is first due to the fact that our obser-
vations are biased by the single instrument we have in the
northern hemisphere only. This behaviour is also related to
the direction of the meridional winds that are equatorward
during most of the night around March equinox, September
equinox and June solstice. However, during the December
solstice, meridional winds are northward and their equato-
rial component is very low. This explains the EIA crests
asymmetry with the southward component higher than the
northward one. In case of geomagnetic storms, the EIA
asymmetry is pronounced in the northern one because of
the equatorward component of the disturbed winds due to
sudden storm energy deposition. The climatology of the
meridional wind [15] during both quiet and disturbed con-
ditions explain the observed EIA crests asymmetries.

4 Conclusions

The effect of geomagnetic activity on the thermosphere-
ionosphere system and the coupling between the two lay-
ers over 3 years from 2014 to 2016 has been studied us-
ing the Langmuir probe on board the Swarm satellites and
Fabry-Perot interferometer (FPI) installed at the Oukaime-
den Observatory in Morocco. The effects of the meridional
wind on the interhemispheric asymmetry of the EIA on the
African sector during both quiet and disturbed nights, lead-
ing to the following main conclusions:

1. Two typical types of EIA crests response are shown.
The first type have characterised by the asymmetri-
cal EIA crests, however the second type is presented
by symmetrical EIA crests with respect to the equator.
Both cases are observed in both quiet and disturbed
conditions.

2. The relations between the FPI data, the EIA crests,
and HWM model outbut, during both quiet and dis-
turbed conditions have been quantified. A stronger
equatorward wind fields a strong EIA asymmetry with
a denser ionisation crest in the northern hemisphere.
However, the degree of such asymmetry depends upon
the competing forces of the wind velocity and the sea-
sons.

This preliminary study is obviously limited by our instru-
mental setup: an FPI in the southern hemisphere and in the
same local time sector would advantageously complement
our study. Unfortunately, such an instrument does not yet



exist. A way of having further information about thermo-
spheric winds in the southern hemisphere would be to use a
numerical model such as HWM. This will be the next stage
of our study.
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