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Abstract We investigate the interhemispheric circulation at the solstices, in order to understand why O/N2

is larger in the northern hemisphere winter than in the southern hemisphere winter. Our studies reveal
that the equatorial ionosphere anomaly (EIA) significantly impacts the summer-to-winter wind through
plasma-neutral collisional heating, which changes the summer-to-winter pressure gradient, and ion drag.
Consequently, the wind is suppressed in the summer hemisphere as it encounters the EIA but accelerates
after it passes the EIA in the winter hemisphere. The wind then converges due to an opposing pressure
gradient driven by Joule heating in auroral regions and produces large O/N2 at subauroral latitudes. This EIA
effect is stronger near the December solstice than near the June solstice because the ionospheric annual
asymmetry creates greater meridional wind convergence near the December solstice, which in turn produces
larger O/N2 in the northern hemisphere winter than in the southern hemisphere winter.

1. Introduction

Thermospheric composition, represented here by the ratio of atomic oxygen to molecular nitrogen (O/N2), is
critical to understanding both the thermosphere and ionosphere. Thermospheric composition drives many
well-known coherent phenomena in the thermosphere and ionosphere, both climatologically and during
storms. Variations of thermospheric composition during geomagnetic storms are closely related to both posi-
tive and negative storm time responses in the ionosphere [e.g., Mayr et al., 1978; Burns et al., 1991, 1995;
Fuller-Rowell et al., 1994; Prölss, 1993; Wang et al., 2010] and associated mass density variations [Sutton
et al., 2005]. Climatologically, thermospheric composition exhibits annual and semiannual variations in which
O/N2 maximizes near equinoxes, with a primary low near the June solstice and a secondary low near the
December solstice [e.g., Qian et al., 2009]. This annual/semiannual variation of thermospheric composition con-
tributes to annual and semiannual variations in thermospheric mass density [e.g., Fuller-Rowell, 1998; Qian et al.,
2009; Qian and Solomon, 2012]. In the ionosphere, annual/semiannual variation of O/N2 is themain forcing that
drives annual and semiannual variations in daytime NmF2 at low and middle latitudes [e.g., Torr and Torr, 1973;
Rishbeth, 1998; Rishbeth et al., 2000; Burns et al., 2012; Qian et al., 2013].

In this paper, we focus on thermospheric composition variations during the June and December solstices. At
the solstices, O/N2 shows a seasonal variation in which O/N2 is larger in the winter hemisphere than that
in the summer hemisphere [e.g., Hedin et al., 1974; Jacchia, 1974; Mayr et al., 1978]. In the ionosphere, this
seasonal variation of O/N2 is found to be closely related to the winter anomaly of NmF2, which is defined as
occurringwhen daytimeNmF2 is larger in thewinter hemisphere than it is in the conjugate summer hemisphere
at middle latitudes [e.g., Torr and Torr, 1973; Rishbeth, 1998; Burns et al., 2014].

Recent O/N2 data observed by the Global Ultraviolet Imager (GUVI) on board the Thermosphere-Ionosphere
Mesosphere Energetics Dynamics (TIMED) satellite reveal that the summer-winter seasonal variation of O/N2

exhibits a hemispheric asymmetry, with larger O/N2 in the northern hemisphere winter compared to that
in the southern hemisphere winter [e.g., Qian et al., 2009; Burns et al., 2014]. This hemispheric asymmetry
of O/N2 is consistent with a hemispheric asymmetry of the ionospheric winter anomaly, as the ionospheric
winter anomaly is stronger in the Northern Hemisphere than in the Southern Hemisphere. Torr and Torr
[1973] found that the ionospheric winter anomaly occurred more often and was stronger in the northern
hemisphere than in the southern hemisphere; they also found that this hemispheric asymmetry of the winter
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anomaly seemed to be closely related to O/N2. Burns et al. [2014] found that there is a greater winter increases
in electron density in the Northern Hemisphere than in the Southern Hemisphere, and this hemispheric
asymmetry of the winter anomaly appears to be related to the greater seasonal variation of O/N2 in the
Northern Hemisphere, compared to the Southern Hemisphere. Clearly, understanding the hemispheric asym-
metry of the seasonal variation of O/N2 is a key to understand the hemispheric asymmetry of the ionospheric
winter anomaly. The question is, why does the summer-winter seasonal variation of thermospheric composi-
tion exhibit a hemispheric asymmetry? It is important to note that since the F2 layer peak (hmF2) tends to
remain on a fixed pressure surface, and NmF2 is proportional to O/N2 [Rishbeth, 1998], thus, we are interested
in composition on fixed pressure surfaces in this paper.

Seasonal variation of thermospheric composition has been attributed to the large-scale interhemispheric
circulation [e.g., Mayr et al., 1978; Burns et al., 1989; Rishbeth, 1998; Rishbeth and Müller-Wodarg, 1999].
Thermospheric composition can also vary responding to temperature variations through thermal expansion
and contraction, but this change of composition only occurs at a fixed altitude and composition at a fixed
pressure surface remains unchanged [Burns et al., 1995]. Dynamical upwelling and downwelling are the
primary driver for composition change on a fixed pressure surface [Burns et al., 1989; Rishbeth, 1998]. At
solstices, larger solar heating in the summer hemisphere, compared to the winter hemisphere, drives a
prevailing (daily average) summer-to-winter, large-scale circulation in the middle and upper thermospheres
and a small return flow from the winter hemisphere to the summer hemisphere in the lower thermosphere,
with upwelling in the summer hemisphere and downwelling in the winter hemisphere.

The thermosphere is diffusively separated, with heavier species dominant at lower altitudes and lighter
species dominant at higher altitudes. Therefore, upwelling in the summer hemisphere transports heavier
species from the lower thermosphere upward and increases the relative abundance of heavier species at a
particular pressure surface. Downwelling in the winter hemisphere transports lighter species downward
and increases the relative abundance of lighter species at a fixed pressure surface. Therefore, in order to
understand the hemispheric asymmetry of the high O/N2 in the winter hemispheres, we need to understand
the interhemispheric circulations at the solstices.

In this paper, we will investigate the interhemispheric circulations at the solstices. We will conduct modeling
studies to examine differences of the interhemispheric wind circulation during these two periods, the
mechanisms that determine these differences, and how these differences determine the hemispheric
asymmetry of the summer-to-winter variation of thermospheric composition, and thus, the hemispheric
asymmetry of the ionosphere winter anomaly. O/N2 observed by the TIMED/GUVI will be used to verify
and illustrate the hemispheric asymmetry of the seasonal variation of thermospheric composition. The model
we will use is the National Center for Atmospheric Research (NCAR) Thermosphere-Ionosphere-Electrodynamics
General Circulation Model (TIE-GCM) [Qian et al., 2012].

2. O/N2 Data From TIMED/GUVI and Model Description

The TIMED/GUVI measures airglow emissions from H, O, and N2 and absorption by O2, in the spectral range
from 120 to 180 nm [Christensen et al., 2003]. The sunlit disk emission measurements of the atomic oxygen
emission at 135.6 nm (OI 135.6 nm) and N2 LBH molecular bands (141 to 153 nm) are used to derive column
number density ratio O/N2 above an altitude where the N2 column density is 1017 cm�2 (approximately
140 km) [Zhang et al., 2004]. In this study we used TIMED/GUVI data from 2002 to 2007; the data in 2003
are shown to illustrate the O/N2 distribution at the solstices near solar maximum.

The NCAR TIE-GCM is a first-principles upper atmosphere general circulation model that solves the Eulerian
continuity, momentum, and energy equations for the coupled thermosphere/ionosphere system. It utilizes
latitude and longitude as the horizontal coordinates and pressure surfaces as the vertical coordinate.
The pressure interfaces are defined as z= ln(P0/P), where P0 is a reference pressure of 5 × 10�4 μb. The
vertical range of the pressure interfaces is from �7 to 7, which covers an altitude range about 97–600 km
depending on solar activity [Roble et al., 1988; Richmond et al., 1992; Qian et al., 2012]. In this study, we utilize
the standard version of the model, which has a horizontal resolution of 5° × 5° and a vertical resolution
of one half pressure scale height. A detailed description of the model is given by Qian et al. [2012] and will
not be repeated here.
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3. Methodology

We ran NCAR TIE-GCM for January and July 2003. The year 2003 was near solar maximum, and TIMED/GUVI
measurements of O/N2 were available. We examinemonthly and zonal mean, daily averaged values of impor-
tant state variables in the coupled thermosphere-ionosphere system. These include temperature, winds,
O/N2, and electron density. We also investigate the energetics in the thermal energy equation and the forces
in the meridional momentum equation, focusing on differences in the summer-to-winter circulation in
January and July that might cause the hemispheric asymmetry of the seasonal variation of thermospheric
composition. This enables us to determine the mechanisms that drive these differences. We investigate
monthly mean quantities to smooth out day-to-day variability to look at the prevailing behavior in each
season. The monthly mean values for F10.7 and Kp, obtained from the NOAA Space Physics Interactive Data
Resource (SPIDR), were 140 and 2.4, respectively, in January 2003. They were 134 and 2.9, respectively, in
July 2003. Therefore, the solar conditions and geomagnetic activity levels in January 2003 were close to those
in July 2003; thus, geomagnetic activity should not have a large effect on our results.

4. Results

During the solstices, the summer-to-winter meridional wind blows through the equatorial ionization anomaly
(EIA) region, which is characterized by enhanced electron densities on each side of the magnetic equator.
The EIA is strongly coupled to the thermosphere energetically through plasma-neutral collisions, which heat
the neutral atmosphere, and dynamically through ion drag, which exerts a drag force on themeridional wind.
Therefore, questions arise as to how the EIA affects the prevailing summer-to-winter wind and whether these
effects could be different in January and July. We answer these questions using modeling studies in this sec-
tion. We conducted an analysis of themodeling results in both the geographic and geomagnetic coordinates.
Both analyses arrived at the same conclusions regarding the EIA effect on the summer-to-winter meridional
circulation. However, since the EIA and its associated processes are better defined in geomagnetic coordinates,
we show modeling results in these coordinates.

Figure 1 showsmonthly and zonal mean, daily averaged electron density, neutral heating due to plasma-neutral
collisions, and themeridional temperature gradient, defined asΔT= Tj2� Tj1, where Tj1 and Tj2 are the tempera-
tures at two consecutive latitudes (5° apart) from left to right on the x axis. All quantities are shown as daily
averaged values to be consistent with the prevailing summer-to-winter wind, which is a daily averaged quantity.
The y axis is model pressure levels from 0 to 7, which corresponds to the F region ionosphere, covering an alti-
tude range from~200 km to ~600 km. The x axis shows the geomagnetic latitudes. Note that the x axes for both
January (left column) and July (right column) are from the summer hemisphere on the left side to the winter
hemisphere on the right hand side, for easier comparisons between January and July.

The EIA in January is stronger than that in July (Figure 1). This is the ionosphere annual asymmetry in the F2
layer in which average F2 layer electron densities are larger near the December solstice than they are near the
June solstice [e.g., Rishbeth and Müller-Wodarg, 2006; Zeng et al., 2008]. Since the EIA is stronger in January,
neutral heating through plasma-neutral collisions (Qeni) is also larger in January than in July, as shown in
Figure 1. This neutral heating, which is the dominant neutral heating process near and above the F2 peak,
modifies the solar heating-induced, summer-to-winter temperature gradient. For example, the temperature
gradients diminish in the ~0°–30° region and are enhanced again in the ~30°–60° region in the winter hemi-
sphere, due to EIA heating, and this modification is larger in January than in July. Temperature gradients in
the high-latitude regions are small or even positive, due to high-latitude heating that was driven by geomag-
netic activity (in both the summer and winter hemispheres) and solar heating (in the summer hemisphere).
This paper does not address these high-latitude processes. Therefore, we will only briefly mention the high-
latitude regions when necessary.

The modification of the temperature gradient by the EIA heating changes the pressure gradient. Figure 2 has
the same x axis and y axis as Figure 1 does. Figure 2 (top row) shows monthly and zonal mean, diurnally
averaged, meridional pressure gradients for January and July. Due to the heating near the EIA, the pressure
gradients have a peak on each side of the equator, separated by a minimum pressure gradient region in the
low-latitude region in winter. This is different from the situation that would occur if solar heating alone caused
these pressure gradients. In that case the pressure gradients would be controlled by solar zenith angle.
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Figure 2. (top row) Monthly and zonal mean, daily averaged, meridional pressure gradient, (middle row) meridional ion
drag, and (bottom row) meridional neutral wind. (left column) January 2003 and (right column) July 2003. The y axes are
model pressure levels, the x axes are equivalent to geomagnetic latitudes, but with the summer hemisphere on the left side
and the winter hemisphere on the right side.

Figure 1. (top row)Monthly and zonalmean, daily averaged, electron density, (middle row) neutral heating by plasma-neutral
collisions, and (bottom row) the neutral temperature gradient. (left column) January 2003 and (right column) July 2003.
The y axes are model pressure levels, the x axes are equivalent to geomagnetic latitudes, but with the summer hemisphere
on the left side and the winter hemisphere on the right side. The start location of the differencing for the temperature
gradients is at �87.5° and 87.5° magnetic latitudes for January and July, respectively.
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Therefore, they would be more or less continuous across the equatorial area. In January, stronger neutral
heating near the winter EIA (~0°–30°, Qeni in Figure 1) causes a stronger pressure gradient in the winter mid-
latitudes (~30°–60°, Figure 2). In this paper, we focus on this winter midlatitude region since this is the region
associated with the large winter O/N2 that contributes to the ionosphere winter anomaly.

There are other forces that contribute to the strength of the meridional wind. According to the momentum
equation, meridional wind is determined by pressure gradient, ion drag, Coriolis force, horizontal advection,
vertical advection, viscosity, and horizontal diffusion. We investigated the rest of the forces simulated by the
model and found that vertical advection, viscosity, and horizontal diffusion are secondary compared to other
forces. Horizontal advection is important at high latitudes where there are both strong winds and horizontal
gradients of winds [Wang et al., 2008]. Ion drag can be an important mechanism through which the EIA can
affect the summer-to-winter wind dynamically. Figure 2 (middle row) shows the meridional ion drag for
January and July. Ion drag by the summer EIA is larger in January than in July, due to the larger electron
density in January (Figure 1). Ion drag in the winter EIA is near zero for both January and July since meridional
ion drift is in the same direction as the neutral meridional wind in this hemisphere, whereas it is in the opposite
direction in the summer hemisphere. At midlatitudes (~30°–60°), ion drag is also larger in January than in July,
due to the ionosphere annual asymmetry, which results in larger midlatitude electron density in January.

Figures 2 (top and middle rows) and 1 (top and middle rows) indicate that the EIA can have a strong effect on
the summer-to-winter wind through both ion drag and plasma-neutral heating. Figure 2 (bottom row) shows
meridional winds (VN) for January and July. The winter EIA heating causes a wind peak at midlatitudes in
the winter hemisphere, which is stronger in January than in July due to the stronger winter EIA heating in
January. The strength of the summer-to-winter wind in the winter midlatitude region is important since it
largely determines the convergence and thus the strength of downwelling in the subauroral region in the
winter hemisphere, which in turn controls O/N2 in this region.

Figure 3 shows wind vectors overplotted on contours of electron density (top row) and the natural logarithm
of O/N2 (bottom row). The wind vectors are those of the meridional wind and vertical wind, with the vertical
wind multiplied by 100 to be compatible with the meridional wind in magnitude. Figure 3 is in the same style
as Figures 1 and 2. The wind vectors in black indicate the upward vertical wind, whereas those in white
indicate the downward vertical wind. There are two convergence zones (regions of downward winds), one
in the magnetic equator region after the meridional wind passes the summer EIA and before it encounters
the winter EIA, the other in the ~30°–60° (subauroral) region after the meridional wind passes the winter
EIA and before it encounters Joule heating in the auroral regions. The Joule heating in the auroral regions
weakens the summer-to-winter pressure gradient or even reverses the pressure gradient. In both regions,
the convergences are stronger in January due to the stronger EIA heating (Figure 1). Note that there are
divergences (upward vertical winds) at high latitudes in both January and July, due to high-latitude heating
that was driven by geomagnetic activity (in both the summer and winter hemispheres) and solar heating
(in the summer hemisphere). These divergences decrease O/N2 in these high-latitude regions, as seen in
Figure 3. During strong geomagnetic storms, the decrease of O/N2 due to high-latitude Joule heating can
extend to middle and low latitudes. The effect of high-latitude processes on thermospheric composition
is an interesting topic itself, but it is beyond the scope of this paper. Therefore, we will not discuss these
high-latitude regions further.

In January, the stronger meridional wind in the winter midlatitude region (Figure 2) causes a stronger conver-
gence, and thus stronger downwelling in the subauroral region (Figure 3), compared with July. Since the
main cause of the summer-to-winter composition variability is vertical advection [e.g., Burns et al., 1989;
Rishbeth, 1998; Rishbeth and Müller-Wodarg, 1999], O/N2, as well as the latitudinal gradient of O/N2, is larger
in this region in January than in July. Note that vertical advection is the multiplication of vertical wind and
vertical gradient of O/N2 (with respect to pressure surfaces); therefore, both the vertical wind and the vertical
gradient of O/N2 contribute to the value of O/N2 [Burns et al., 2015]. Here in the subauroral region in the
winter hemisphere, both the vertical wind (Figure 3) and the vertical gradient of O/N2 (not shown) are larger
in January than in July. Also note that in the summer hemisphere, the summer EIA heating should weaken the
solar heating-induced summer-to-winter temperature gradient, which in turn reduces the summer-to-winter
meridional wind. The ion drag in the summer EIA region also reduces the summer-to-winter meridional wind.
Therefore, the EIA has the effect of suppressing vertical advection in the summer. Since vertical advection in
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the summer hemisphere reduces O/N2, the EIA effectively increases O/N2 in the summer hemisphere. This effect,
reflected in O/N2 in the summer hemisphere, should be stronger in January than in July, due to the stronger
heating and ion drag in the January summer hemisphere (Figure 1).

The aforementioned effect of the EIA on the summer-to-winter meridional wind, and consequently, its influence
on O/N2, especially in the winter hemisphere, can be verified and illustrated using O/N2 measured by the
TIMED/GUVI. Figure 4 shows January and July median O/N2 measured by TIMED/GUVI and simulated by
the NCAR TIE-GCM, in geographic coordinates. Due to orbital precession, local times of TIMED/GUVI O/N2

observations changed from 15:43 to 09:27 in January and from 16:10 to 09:55 in July, respectively. Therefore,
the observational local times in January are very similar to those in July, so local time effects should be minimal.
The simulated O/N2 was sampled the same way as the data. There are no data at high latitudes beyond ~60°
in the winter hemisphere since TIMED/GUVI can only measure O/N2 in sunlit conditions. TIMED/GUVI O/N2

shows the following features: (1) midlatitude O/N2 in the January winter hemisphere (Northern Hemisphere)
is much larger than that in the July winter hemisphere (Southern Hemisphere); (2) the latitudinal gradient of
O/N2 is larger in January than in July; (3) zonal mean O/N2 in the January summer hemisphere is slightly larger
than the zonal mean O/N2 at equivalent latitudes in the July summer hemisphere; and (4) consequently, O/N2 is
larger in January than in July on a global average basis. These features are true for all the years from 2002 to
2007 in TIMED/GUVI O/N2. Aspects (1)–(3) largely drive the hemispheric differences in the ionosphere winter
anomaly in daytime NmF2 [Rishbeth, 1998], whereas aspect (4) is largely caused by the ionosphere’s annual
asymmetry in the F2 layer but should also have feedback effects on the ionosphere’s annual asymmetry,
considering that O/N2 is closely related to NmF2 [Rishbeth, 1998]. The main discrepancy between the data
and the model results occurs at high latitudes in the summer hemisphere, where the simulated O/N2 is larger
than the data. However, model results clearly shows features that are consistent with the EIA effect on the
summer-to-winter meridional circulation, with larger O/N2 in the northern winter hemisphere (January) than
in the southern winter hemisphere (July).

Figure 3. (top row) Monthly and zonal mean, daily averaged, electron density and (bottom row) natural logarithm of
(O/N2). Overplotted are vectors of the meridional wind and vertical wind, with the vertical wind multiplied by 100 to be
compatible with the meridional wind in magnitude. Black wind vectors indicate upward vertical wind, whereas white wind
vectors indicate downward vertical wind. (left column) January 2003 and (right column) July 2003. The y axes are model
pressure levels, the x axes are equivalent to geomagnetic latitudes, but with the summer hemisphere on the left side and
the winter hemisphere on the right side.
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5. Conclusions and Discussion

In this paper, we investigated the large-scale, interhemispheric meridional wind at the solstices, driven by the
need to understand the hemispheric asymmetry of the summer-winter seasonal variation of thermospheric
composition (O/N2) and NmF2. This hemispheric asymmetry in composition is defined as a larger O/N2 in the
northern hemisphere winter than in the southern hemisphere winter. We conducted NCAR TIE-GCM model
simulations for January and July of 2003, which have similar monthly mean solar and geomagnetic conditions.
We analyzed monthly and zonal mean, diurnally averaged quantities of the thermosphere and ionosphere
key state variables including temperatures, winds, O/N2, and electron density; energetics; and forces in the
meridional momentum equation. Our findings are as follows:

1. The EIA interrupts the solar heating-induced, summer-to-winter meridional wind. This interruption is
primarily due to plasma-neutral collisional heating, which maximizes near the EIA. This EIA-associated
heating counteracts the summer-to-winter pressure gradient in the summer hemisphere but increases
pressure gradients in the winter hemisphere. As a result, instead of exhibiting a morphology influenced
by solar zenith angles, pressure gradients have a peak on each side of the equator, separated by aminimum
pressure gradient region in the winterside low latitudes.

2. Consequently, the summer-to-winter wind is suppressed as it encounters the EIA in the summer
hemisphere but accelerates again at midlatitudes in the winter hemisphere after it passes through
the EIA. The meridional wind then converges as equator-pole pressure gradients diminish at high
latitudes and is countered by Joule heating in auroral regions creating an opposing pressure gradient.
These convergence and thus downwelling cause large values of O/N2 at subauroral latitudes in the
winter hemisphere.

3. This EIA effect is stronger near the December solstice than near the June solstice. This December/June
difference is caused by the ionosphere annual asymmetry: there is more electron density near the
December solstice than near the June solstice. As a result, the meridional wind convergence and down-
welling at subauroral latitudes in the winter hemisphere are stronger in January than in July. These
stronger convergence and hence downwelling lead to a larger O/N2 in the January winter hemisphere
(Northern Hemisphere) than in the July winter hemisphere (Southern Hemisphere), causing the hemispheric
asymmetry of the summer-winter seasonal variation of thermospheric composition and consequently in
the ionospheric winter anomaly.

Figure 4. O/N2 observed by TIMED/GUVI and simulated by NCAR TIE-GCM. (left) Median O/N2 in January 2003 and (right)
median O/N2 in July 2003. Solar local times for January changed from 15:43 to 09:27 due to orbit precession, whereas they
changed from 16:10 to 09:55 for July.
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4. In the summer hemisphere, ion drag due to the EIA suppresses the meridional wind, which effectively
enhances O/N2. In the winter hemisphere, since the meridional ion drifts are in the same direction as the
meridional neutral winds, dynamical influences of the EIA on the summer-to-winter wind, through ion drag,
do not play a significant role in influencing thermosphere composition in the winter hemisphere.

This effect of the EIA on the interhemispheric circulation can be an important mechanism for the vertical
coupling between the lower atmosphere and the upper atmosphere: upward propagating waves, such as
tides, influence ion drift in the EIA region through the neutral wind dynamo and thus changes the EIA; the
EIA then affects the interhemispheric circulation through ion drag and plasma-neutral collisional heating,
which then changes the meridional wind, particularly, the convergence and downwelling at midlatitudes
in the winter hemisphere, and consequently, thermosphere composition and the ionosphere. For example,
observational and modeling studies have found that sudden stratospheric warming (SSW) influence the
upper atmosphere [e.g., Liu and Roble, 2002; Goncharenko et al., 2010]. This chain of processes could be a
pathway through which the SSW affects the middle and high latitudes of the upper atmosphere.

Note that in this paper, we have been concerned with the average seasonal behavior near the two solstices.
To do this, we have examined all quantities asmonthlymeans. Therewill also be day-to-day variability depending
on solar and geomagnetic conditions, as well as internal thermospheric conditions. For example, the relative
strength of the meridional wind and high-latitude Joule heating in the winter hemisphere determines the
latitudes andmagnitudes of convergence and downwelling. In addition, we examined the EIA effects on a zonal
mean basis. The EIA should have longitudinal variability due the positions of the magnetic poles, which can
affect the ionosphere as well as the thermosphere, and thus the effects of the EIA on the meridional wind
and thermospheric composition. Furthermore, this EIA effect could have a solar cycle variation, which can
at least affect the solar cycle variability of the ionosphere winter anomaly [e.g., Torr and Torr, 1973; Burns et al.,
2014]. The longitudinal and solar cycle variabilities of the EIA effect on the meridional wind and thermospheric
composition will be reported in separate papers.
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