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Abstract Recent satellite and ground-based observations have revealed the existence of upward drifts in
the postmidnight equatorial ionosphere (~0–3 LT). The phenomenon has not been explained by
theoretical models. Simulations using the Whole Atmosphere Model coupled with the Global Ionosphere
Plasmasphere model have successfully reproduced the unusual nighttime upward drifts. The simulations
and observations by the Ion Velocity Meter onboard the Communications/Navigation Outage Forecasting
System also reveal substantial longitudinal dependence of the drifts. Our analysis indicates that the upward
drifts are driven by thermosphere dynamics associated with the midnight temperature maximum (MTM). The
MTM locally reverses the typical large-scale zonal and meridional wind pattern, in turn affecting the
nighttime F layer electrodynamics. In addition, the longitudinal variation of the drifts in different seasons
depends on the magnitude and position of the MTM peak relative to the magnetic equator.

1. Introduction

Significant upward drifts, known as the prereversal enhancement (PRE), often occur in the postsunset equatorial
ionosphere. PRE affects the nighttime plasma density distribution, particularly the strength of the equatorial
ionization anomaly (EIA), and also contributes strongly to the formation of equatorial irregularities responsible
for GPS signal scintillation and radio communication outages [Anderson et al., 2004]. The morphology of iono-
spheric vertical drifts has been studied over the past few decades using multiple radar and satellite observa-
tions. The empirical model established by Scherliess and Fejer [1999] widely used in the community is capable
of reproducing most of the diurnal, seasonal, and solar activity variations of the equatorial ionosphere drifts.
However, examining details of the observations shown by Scherliess and Fejer, it appears that an upward drift
feature may also be found in the nighttime period in different seasons and under different solar activity levels.
The magnitude of the nighttime upward drift sometimes may even be larger than the peak daytime upward
drift [Scherliess and Fejer, 1999; Stoneback et al., 2011].

Several sets of direct and indirect measurements have recently manifested the existence of nighttime
upward vertical plasma drifts. Yizengaw et al. [2009] reported a strong EIA in total electron content (TEC) in
the postmidnight period apparently caused by the upward drifts and driven by the F region wind dynamo.
Observations by the Ion Velocity Meter (IVM) onboard the Communications/Navigation Outage
Forecasting System (C/NOFS) satellite have also revealed a large semidiurnal component in the ion drift var-
iation at the magnetic equator, which produces significant deviations from typical climatology. Afternoon
downward drifts and upward drifts around or after midnight are present in most seasons in IVM data but
the magnitudes are strongest during solstice [Stoneback et al., 2011]. Stoneback et al. suggested that the
nighttime upward drift could be related to the semidiurnal tide in the ionospheric E region. Driving the
Naval Research Laboratory SAMI3 ionosphere model with the empirical neutral wind model HWM07, results
from Huba et al. [2010a, 2010b] found a strong dawn density depletion that is caused by a large enhancement
of the postmidnight eastward electric field. Their simulation results also conclude that that zonal wind plays a
significant role in the development of the postmidnight eastward electric field. McDonald et al. [2015] repro-
duced similar magnitude of the nighttime ion upward drift using the Sami3 is Also a Model of the Ionosphere
(SAMI3) through specifying the neutral winds from the specified dynamics Whole Atmosphere Community
Climate Model (SD-WACCM-X). Their results indicated that the nonmigrating tides play an important role.
Analyzing the C/NOFS Planar Langmuir Probe (PLP) measurements, Dao et al. [2011] found that the plasma
density irregularities were more commonly observed after midnight. Yizengaw et al. [2013] further showed
that substantially more postmidnight plasma bubbles and scintillations were observed by the PLP in June
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under quiet geomagnetic conditions. They suggested that the bubbles were generated by the increase of the
growth rate of Rayleigh-Taylor (RT) instability due to the upward plasma drift. Yokoyama et al. [2011a, 2011b]
compared the ionospheric irregularities seen in radar, GPS-TEC, and C/NOFS measurements in the postmid-
night period in the Asian sector and suggested that the equatorward wind related to the midnight tempera-
ture maximum (MTM) creates conditions for the formation of the irregularities.

The physical process of MTM was investigated using different numerical models [Fesen et al., 2002; Colerico
et al., 2006; Akmaev et al., 2009; Ruan et al., 2015]. However, possible effects of the MTM and associated
dynamics on the ionosphere have not been investigated in detail or simulated by theoretical models before.
The Whole Atmosphere Model (WAM) was the first comprehensive model to reproduce a robust MTM of rea-
listic magnitude, accompanied by the midnight density maximum (MDM) and characteristic wind patterns
[Akmaev et al., 2009; Akmaev et al., 2010]. The model results indicate that the feature may be traced down
to the lower thermosphere, where it is manifested primarily in the form of an upward propagating terdiurnal
tide, possibly generated in part within the thermosphere in general agreement with the nonlinear mechan-
ism proposed by Mayr et al. [1979]. At higher altitudes waves of higher-order zonal wave numbers and fre-
quencies also contribute reflecting the steepening of the temperature peak with height, also consistent
with the nonlinear nature of the phenomenon. The MTM creates a significant temperature bulge aroundmid-
night at ionospheric F region heights andmodulates the nighttime circulation. The climatology and timing of
nighttime wind and temperature variations in WAM simulations have been validated with ground-based
observations in equatorial Brazil and in Arecibo [Meriwether et al., 2013; Martinis et al., 2013]. Recently,
Hickey et al. [2015] also confirmed the WAM prediction of MTM extending out to midlatitudes.

Since previous studies from ground-based and satellite measurements [e.g., Li et al., 2011; Yizengaw et al.,
2013] have demonstrated higher occurrence of the postmidnight plasma density irregularities particularly
in June solstices, simulations focusing on solstice periods (June–July and November–December) in 2010
are carried out. This study demonstrates that simulations using WAM coupled with the Global Ionosphere
Plasmasphere (GIP) model successfully reproduce the observed nighttime equatorial upward plasma drifts.
Analyzing the simulation results in two different seasons (June–July and November–December), we explain
the causal mechanism of the drifts and their observed longitudinal variation confirming the strong connec-
tion between the thermosphere and ionosphere through dynamics associated with the MTM.

2. Simulation and Observation

The simulations presented in this study were carried out using WAM and GIP in a one-way coupling scheme.
WAM [Akmaev, 2011] has been extensively validated and described in the literature over the past few years, in
particular in regard to the effects on the ionosphere of tides propagating up from the lower atmosphere, for
example, during sudden stratospheric warmings [Fuller-Rowell et al., 2010, 2011;Wang et al., 2011, 2014; Fang
et al., 2012, 2014]. It is a general circulation model spanning the atmosphere from the surface to an average
height of about 600 km and built from an operational weather prediction model by vertical extension to the
exobase. In this study, the WAM data assimilation and forecast system [Wang et al., 2011, 2014] is used to pro-
duce realistic day-to-day thermospheric conditions during June–July and November–December 2010.

GIP is an upgraded ionosphere-plasmasphere-electrodynamics model [Fang et al., 2009]. It utilizes a Magnetic
Apex coordinate system [Richmond, 1995], in which a realistic global three-dimensional grid of magnetic field
lines is created by tracing through the full International Geomagnetic Reference Field. The midlatitude and
low-latitude portion of GIP is defined by closed flux tubes with magnetic latitude up to 60°. The high-latitude
part assumes open flux tubes extend to ~10000 km. The horizontal resolution is about 1° × 4.5° in latitude-
longitude at midlatitude and low latitude. The altitude covers from 100 km to higher than 20,000 km. It solves
continuity, momentum, and energy equations, and outputs are Ni (O+, H+, O2

+, NO+, N2
+, N+), Ne, Ti, Te, and

Vi. O+ and H+ solutions include field-aligned and field perpendicular transport; the remaining ions are
assumed to be in chemical equilibrium. The nighttime ionization rate in GIP is adopted from the National
Center for Atmospheric Research (NCAR) Thermosphere-Ionosphere-Electrodynamics General Circulation
Model (TIEGCM) and was described in Richmond and Maute [2013]. GIP simulations of the equatorial iono-
sphere have been validated through comparison with other community models and observations [Fang
et al., 2013a]. Using the one-way coupled WAM-GIP model, several studies focusing on understanding the
impact of the lower atmosphere on the ionosphere during quiet geomagnetic conditions have been carried
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out [Fang et al., 2013b; Fang et al., 2014]. To examine ionospheric electrodynamic responses to winds asso-
ciated with the MTM, WAM thermospheric winds and GIP conductivities are used to drive the electrodynamic
solver developed by Richmond [1995]. Both models were run under low solar activity (solar 10.7 cm radio flux
F10.7 = 70) and geomagnetic quiet conditions (Kp= 1).

The observed vertical drift used in this study is obtained from the C/NOFS ion velocity meter. The ion velocity
meter [Heelis and Hanson, 1998] is comprised of two instruments, a retarding potential analyzer (RPA) and a
drift meter (DM). A retarding voltage inside the RPA may be used to control the energy of ions that have
access to the detector. The variation in plasma flux as a function of energy may be used to determine basic
thermal plasma parameters such as ion density, temperature, major ion composition, and the RAM velocity of
plasma. The DM employs a segmented collector plate to measure the arrival angle of ions. Combined with
satellite attitude and ephemeris the ion drifts relative to corotation may be extracted. For the C/NOFS satellite
the geophysical boundary condition that equatorial electric fields are curl free is employed to maintain an
instrument uncertainty for averaged drifts that is less than 7m/s over the life of the mission [Stoneback
et al., 2012]. IVM data are publicly available through NASA CDAWeb (http://cdaweb.gsfc.nasa.gov).

IVM data have previously been used in various studies. Araujo-Pradere et al. [2012] demonstrated that the
longitudinal distribution of ion drift from IVM has significant impact on density distributions. Seasonal and
longitudinal variations between IVM drifts and Formosa Satellite Mission 3/Constellation Observing System
for Meteorology, Ionosphere, and Climate electron density profiles obtained from radio occultation measure-
ments have been shown to be consistent [Stoneback and Heelis, 2014]. The underlying physical connection
between these two data sets has also been exploited to estimate the distribution of the ionosphere at shorter

Figure 1. Ion vertical drift at magnetic equator simulated by the coupled WAM-GIP model in (a) June/July and (d)
November /December periods. Black dashed lines correspond to longitude sectors shown in Figures 2, 3, and 5. Ion verti-
cal drifts near the magnetic equator observed by the C/NOFS IVM instrument in (b) June/July and (e) November/December
periods. Day count of IVM observation in the (c) June/July and (f) November/December periods.
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timescales [Stoneback et al., 2013]. The vertical ion drift has also been validated with radar measurement
[Patra et al., 2014]. Regions with large downward drifts from IVMmeasurements have been shown to coincide
with large plasma decreases [Huang et al., 2012]. Comparison of GRACE-derived neutral densities and IVM ion
drifts shows a similar decrease in neutral densities [Huang et al., 2013].

3. Results and Discussion

Figure 1 compares the 2month average vertical ion drifts at 500 km above the magnetic equator simulated by
WAM-GIP (Figures 1a and 1d) with IVM observations (Figures 1b and 1e) as a function of longitude and local
time in June–July (left) and November–December (right). The white lines represent the zero contours and the
black dashed lines are the longitudes selected for detailed analysis (see Figures 2–4). No significant height gra-
dient of the nighttime vertical drift at F region heights is found in the simulation at these local times (LT). The
locations of IVM observations are restricted to within ±12° magnetic latitude, altitudes below 550km, and geo-
magnetic quiet conditions. Figures 1c and 1f show the number of days of observations in each longitude-LT bin
during the two 2month periods that are used to obtain drift velocity in Figures 1b and 1e.

In the June–July period, the simulation shows significant upward drifts with magnitudes of up to 20m/s near and
after midnight in the American sector (between 60°W and 150°W). Somewhat weaker upward vertical drifts are
also observed in two other longitude sectors (0°E to 60°E and 140°E to 180°E) at about the same local time. The
IVM observations confirm the existence of these upward drifts that occurs at around midnight and show similar
longitudinal variation in the nighttime. The 2month average simulated upward drifts appear to bemore confined

Figure 2. Temperature perturbation at 300 km (ΔT), zonal wind at 400 km (Un), andmeridional wind at 400 km (Vn) simulated
by the WAM at (a–c) 6 UT and (d–f) 17 UT in June–July. Positive values in zonal and meridional winds are eastward and
northward, respectively. White lines are the zero contours. White dotted lines represent the location of geomagnetic equator.
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to postmidnight, while the observed drifts occasionally show a larger velocity at some locations around midnight
and the upward direction of drift extends throughout the nighttime. These large velocities in the observation
occurred on some particular days (see Figure 1c) rather than throughout the whole period, which reflects the
strong day-to-day variability in the ionosphere. In November–December the average simulated upward drifts in
the American sector are somewhat weaker and shifted to earlier local times than in June–July. Compared to obser-
vations in this period, the magnitude of simulated upward drift is smaller in American sector (west of 60°W) but
slightly larger in African sector (0° to 60°E). The observation again shows the upward direction of drift extends
throughout the nighttime. For both periods, the downward drifts seen in the observations in the 0° to 60°W long-
itude sector are not captured in the 2month average drift from the model. Overall, the magnitude and longitudi-
nal distribution of simulated nighttime vertical drifts shows a better agreementwith the IVMobservations in June–
July. The different longitudinal and LT distributions in different seasons in the simulations motivate to further
investigate the physical mechanisms of the nighttime electrodynamics and its seasonal dependency.

The upward vertical drifts in both IVM observations and WAM-GIP simulations present a very different scenario
from previous understanding of nighttime electrodynamic processes, i.e., primarily downward ion drift in the
nighttime as represented in empirical models [e.g., Scherliess and Fejer, 1999]. The longitudinal distribution and
seasonal dependency of the nighttime drift indicate that the upward velocity is variable and not a persistent fea-
ture occurring in the ionosphere every night, at every location and season. As is well known, the nighttime F
region electrodynamic processes are largely controlled by the thermosphere dynamics [Rishbeth, 1971]. Recent
studies using the NCAR TIEGCM coupledwith GIP have revealedmore details of F region dynamo during the post-
sunset period [Richmond et al., 2015; Richmond and Fang, 2015]. The simulations confirmed that the PRE is driven
primarily by an increasing eastward zonal wind (acceleration) forced by the diurnally varying zonal pressure

Figure 3. Same as in Figure 2 but at (a–c) 4 UT and (d–f) 20 UT during November–December.
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gradient force when the E region con-
ductivity is diminished after sunset.
The eastward zonal wind at dusk is
driven by the large-scale solar-driven
dayside temperature and pressure
bulge. The zonal pressure gradients
are therefore fairly uniform in latitude
and altitude. Through different
numerical experiments, these studies
also found that the postsunset F
region zonal winds at latitudes that
encompass the EIA are themain driver
of the eastward plasma convection,
which increases into the evening and
connects to the upward/poleward
convection that constitutes the PRE.
During the nighttime period, local
thermosphere dynamics features
associated with the temperature
bulge in MTM also lead to a pressure
gradient driving zonal winds similar
to those driving the PRE but the
impact is predominately on the iono-
spheric F region height. Unlike the
day to night circulation that drives
the large-scale poleward meridional
wind, the MTM dynamics creates a
rather localized impact on the meri-
dional wind [Akmaev et al., 2009].

Figure 2 shows the June–July average
of temperature deviation at 300 km
from the nighttime longitude mean
(e.g., between 15°W and 135°W in
Figure 2a) and of total zonal (positive
eastward) and meridional (positive
northward) winds at 400 km simu-
lated by WAM at 6 UT (a–c) and 17
UT (d–f). These UT instances corre-
spond to 1 LT at longitudes of 75°W
and 120°E, approximately where the
simulations show a maximum and a
minimum in the upward nighttime
drifts (Figure 1a), respectively. In

November–December (Figure 3) the same parameters are presented at 4 UT (a–c) and 20 UT (d–f), these UT
instances corresponding to 22 LT at longitude of 30°E and 90°W where the simulations also show a maximum
and a minimum in the nighttime drift (Figure 1d). The white solid lines represent the zero contour and the dotted
white lines show the magnetic equator. Using the 2month averaged winds from the June–July and November–
December periods to drive the GIP, the results do show similar magnitudes and longitude-LT variations of the
nighttime drifts as those in Figures 1a and 1d (not shown here). The temperature deviation (Figures 1a and 1d)
generally follows the familiar MTM V-shaped distribution in latitude-longitude indicating that the maximum
occurs first in the equatorial region and at later local times away from the equator [Akmaev et al., 2009; Martinis
et al., 2013; Hickey et al., 2015]. The magnitude of the peak and smaller-scale variations within the feature are also
clearly longitude dependent. The temperature maximum in the underlying layers, say at 300 km (Figures 2a and
2d and 3a and 3d), raises the pressure at heights above that level via hydrostatic balance, resulting in a local

Figure 4. Schematic plot of local time variations of neutral temperature,
zonal wind, and meridional wind with MTM (red lines and arrows) and
without MTM (gray lines and arrows).
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pressure bulge [Akmaev et al., 2010]. Just as the day-night pressure gradient drives the eastward gradient of zonal
wind across the evening terminator resulting in PRE [e.g., Richmond et al., 2015], the horizontal pressure gradients
on the pressure bulge edge, say at 400 km, drive divergent winds away from the bulge (Figures 2b, 2c, 2e, and 2f
and 3b, 3c, 3e, and 3f). The total wind magnitude and direction is then determined by superposition of the local
divergent MTM-related structures and the prevailing large-scale seasonal and diurnal patterns.

Analysis of thermosphere dynamics in the different longitude sectors presented in Figures 2 and 3 enables dee-
per insight into the mechanism of nighttime upward drifts. The strong postmidnight upward drift in the
American sector near 75°W is clearly associated with eastward acceleration (increasing magnitude) of the zonal
wind at low latitudes (Figure 2b) on the eastward edge of the pressure bulge driven by the underlying tempera-
ture maximum at lower altitudes (Figure 2a). The eastward acceleration of the zonal wind along the magnetic
equator results in an ion convection pattern similar to the conditions during the PRE and creates an upward ion
drift [Rishbeth, 1971; Richmond et al., 2015]. The meridional winds are more structured and more difficult to
interpret. The midnight temperature feature in Figure 2a has a local maximum close to the magnetic equator
(75°W, 20°S) that drives a localized divergence in the meridional wind, fairly symmetrically with respect to the
magnetic equator, i.e., poleward wind on either side of the magnetic equator, in the same LT-longitude sector
(Figure 2c). In this case, the meridional wind would contribute equally to the upward drift maximum (shown
later in Figure 5b). The symmetric poleward meridional winds on either side of the magnetic equator drive

Figure 5. Ion vertical drifts atmagnetic equator simulated by the coupledWAM-GIPmodel on (a) 25 June and (d) 27 November.
Simulated nighttime equatorial vertical drift (black lines) (b and c) on 25 June and (e and f) on 27 November at different long-
itudes. Red and blue dots are simulation results with only zonal wind (only Un) and only meridional wind (only Vn), respectively.
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the westward Pedersen current setting the eastward polarization electric field and contributing to the upward
plasma drift [Rishbeth, 1971]. In the longitude sector centered at 120°E the temperature maximum at 300 km
(Figure 2d) also creates a pressure bulge and similar divergent wind structures (Figures 2e and 2f) in the same
local time period at the low-latitude region. However, the upward drift is very weak at this longitude (Figure 1a)
apparently because the divergent wind patterns are formed on one side of the magnetic equator and cannot
contribute efficiently to the upward postmidnight drift (see also Figure 5c).

Even though the temperature peak extends to midlatitudes (Figures 2a and 2d), it is not unexpected that the loca-
lized divergent structure in the total meridional wind only form south of the geographic equator centering approxi-
mately at 20°S (Figures 2c and 2f) during this season. In the absence of MTM the background meridional wind
structure would be dominated by superposition of a diurnal day-to-night flow and a weaker seasonal summer-
to-winter flow with converging and therefore weak winds near the antisubsolar latitude. On this background, the
divergent winds flowing away from theMTM pressure bulge are the main component of the total meridional wind
at this latitude. Besides the interplay between the shape and location of theMTM-related local structures in thewind
components relative to the magnetic equator, clearly the magnitude of the temperature peak also plays a role. For
example, the 2month average temperature deviation at 6 UT reaches a maximum of about 53K near latitude 20°S
at 1 LT (Figure 2a), while at 17 UT it is much weaker in the other longitude sector (Figure 2d).

The longitude sectors shown in Figure 3 correspond to weak (a–c) and moderate (d–f) nighttime upward drifts
LT in November–December (Figure 1d). Note that the temperature perturbations at 300 km (Figures 3a and 3d)
again exhibit a robust MTM feature extending from the geographic equator at about 22 LT to midlatitudes at
later times. In the longitude sector centered at 90°W (Figure 3b), the coherent and symmetric area of eastward
acceleration of the total zonal wind at either side of magnetic equator does occur after 1 LT when a weak
upward drift is obtained (Figure 1d). However, at 22 LT the total zonal wind above the MTM is actually slowing
down and reversing to westward, apparently driven by the weakening of the large-scale day-night pressure gra-
dient. There is no symmetric divergent feature in the total meridional wind at EIA region (Figure 3c) throughout
the night in this longitude sector and the meridional wind does not contribute to the upward drift (Figure 1d).
The longitude sector centered at 30°E at 20 UT (Figures 3d–3f) presents yet another interesting scenario. The
MTM V-shaped temperature deviation centered on the geomagnetic equator takes place just east of 30°E at
about 23 LT; however, the corresponding divergent structures in total winds occur beyond the EIA region
and are not able to produce the upward drift. There is also an evening (about 20 LT and at around longitude
0°) local temperature maximum on the geomagnetic equator (Figure 3d), which is connected to the main fea-
ture of MTM at later hours. Such localized postsunset temperature enhancements preceding the main MTM by
several hours have been observed at low latitudes at solstice [e.g., Herrero and Spencer, 1982; Faivre et al., 2006]
and simulated by WAM in December [e.g., Akmaev et al., 2009]. The localized temperature enhancement also
exhibits strong day-to-day variation in our simulation and its magnitude can reachmore than 70K in some days
during the November–December period. This temperature maximum does generate a weak eastward gradient
in zonal wind and a divergence ofmeridional wind symmetric with respect to themagnetic equator at about 21
LT (Figures 3e and 3f). However, since the magnitude of meridional wind is close to zero at low latitudes, the
enhanced upward drifts at this local time sector are dominated by the zonal wind (Figure 1d).

To summarize the characteristics of F region wind associated with the MTM dynamics, a schematic plot is pre-
sented in Figure 4. The local time variation of temperature (a), zonal wind (b), and meridional wind (c) in the
low-latitude region are shown in the figure. The grey lines and arrows represent the regular diurnal variation
of thermosphere caused by the solar heating. The red lines and arrows are for the thermospheric conditions
under the existence of MTM. For the zonal wind, the curve stands for eastward and westward wind above and
below the axis, respectively. For the meridional wind, the upper and lower parts are the northern and south-
ern hemisphere, respectively. The location of the sun demonstrates the approximate LT for the subsolar
point. As shown in the plot, the regular diurnal variation of temperature tends to peak at round 14 LT. The
increased temperature creates strong horizontal pressure gradient to increase the eastward zonal wind (max-
imizes at dusk) and the poleward meridional wind (peaks at round 14 LT). In the nighttime, the temperature
decreases, the zonal wind turns westward, and the meridional wind blows toward equator. When the MTM is
present, the temperature increases near the midnight period, which reduces the eastward zonal wind at pre-
midnight and enhances the eastward zonal wind at postmidnight. The increased temperature also reverses
the meridional wind from its typical equatorward direction to poleward direction in the nighttime. Note that
the amplitudes of eastward zonal wind and poleward meridional wind association with the MTM are much
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weaker in the nighttime compared to those in the daytime since the temperature enhancement cause by the
MTM heating is smaller and rather localized. The increased zonal gradient of zonal wind caused by the MTM
provides a similar condition as those during the PRE at 19 LT to generate an upward ion drift motion. Notice
that between 0 and 1 LT, the zonal wind is increasing in the eastward direction, similar to the 18 to 19 LT dusk
period. Different from the PRE, the divergence feature of meridional wind after midnight does play an impor-
tant role on the formation of the upward drift through the F region dynamo.

To evaluate the relative contribution of the zonal and meridional wind components to the upward drifts and
their longitudinal structure in both seasons (Figure 1), a series of sensitivity experiments was conducted, similar
to those presented before [e.g., Fang et al., 2014; Richmond and Fang, 2015; Richmond et al., 2015]. In these
experiments, the GIP is run with only zonal wind (only Un) or only meridional wind (only Vn) from the WAM
for one-time step to distinguish the wind impact on the electrodynamics. The electric fields calculated from this
dynamo test do not feedback to the ionospheric calculation. The field line-integrated conductivities used for the
baseline, only Un, and only Vn calculations are the same at a given time. Days with similar longitudinal variations
as those in the 2month averaged drifts (Figures 1a and 1d) were chosen to demonstrate the impact of zonal
and meridional wind. For example, Figure 5a shows the longitudinal variation of the nighttime vertical drift
at 500 km above the magnetic equator on a typical day, 25 June 2010. The differences between Figures 5a
and 1a demonstrate strong day-to-day variability of the simulated vertical ion drift, which has to be taken into
account when comparing to the observations (Figure 1b) covering only a few days (Figure 1c) during this per-
iod. The vertical drifts at longitudes 76°W and 131°E as a function of local time on this particular day are also
shown (Figures 5b and 5c, black line). The two longitudes approximately correspond to the locations with
strong and weak upward drifts on 25 June (Figure 5a) as well as in the 2month average (Figure 1a). In the
American sector (Figure 5b) the upward nighttime drift maximizes at ~17ms�1 near midnight LT on this parti-
cular day followed by a strong downward velocity in the early morning (black line). The vertical drifts calculated
by the dynamo module with only zonal (red dots) or only meridional (blue dots) wind component applied are
also shown at each local time. It is clearly seen that the local MTM-related structures in both the zonal and mer-
idional wind components (Figures 2b and 2c) contribute equally to the upward nighttime drift in this longitude
sector. This is contrasted by a very weak upward tendency in the drift at 131°E near 1 LT (Figure 5c). Neither
wind component contributes strongly at this location and local time (see also Figures 2e and 2f). There is no
coherent eastward acceleration of zonal wind encompassing the EIA on both sides of the magnetic equator
as required, for example, for the PRE [Richmond et al., 2015]. A divergent meridional wind structure is entirely
confined south of the magnetic equator making it inefficient in generating an eastward polarization electric
field, and the overall magnitude of the underlying MTM peak is weaker than in the American sector.

Similar dynamo tests are carried out on another day, 27 November 2010. Figure 5d shows the local time and long-
itudinal distribution of simulated vertical drift at 500km. Local time variations of nighttime drift at longitudes 90°W
and 35°E of this particular day are also shown (Figures 5e and 5f, black line). The two longitudes approximately cor-
respond to the locations with weak and strong upward drifts on 27 November (Figure 5d) as well as in the 2month
average (Figure 5d) indicating the day-to-day variability. The peak vertical drift on this day showsmuch larger mag-
nitude compared to the 2month average (Figure 5d). At 35°E, the nighttime upward drift peaks at around 22.5 LT,
and the simulation results suggest again that both wind components contribute approximately equally. The zonal
gradient of zonal wind is strong and consistent in the whole EIA region (Figure 3e) resulting in an upward drift after
about 20 LT. The divergence of meridional wind after 21 LT (Figure 3f) also contributes driving an eastward polar-
ization electric field, as described earlier. The upward drift and the distribution of winds that occur before midnight
are strongly controlled by the dynamics associated with the local temperature maximum (Figure 3d). The spatial
distribution of winds at 90°W (Figures 3b and 3c) does not show the large eastward gradient of zonal wind or
the divergence of meridional wind, and no upward nighttime drift is found at this longitude. Using the 2month
averagedwind shown in Figures 2 and 3 for the sensitivity tests, similar conclusions can be drawn (not shown here).

4. Conclusions

Recent direct and indirect observations with multiple satellite and ground-based instruments suggest the
existence of substantial upward plasma drifts and associated plasma instabilities in the quiet nighttime
equatorial ionosphere, particularly around June solstice. A coupled whole atmosphere and
ionosphere/plasmasphere model was used to simulate the global nighttime F region electrodynamics in
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June–July and November–December 2010. The WAM-GIP model simulations successfully reproduced the mag-
nitude, timing, and longitudinal variation of the nighttime upward vertical drifts in good agreement with the
IVM observations from C/NOFS during the June–July period. Comparing the simulation results in the two sea-
sons, the upward drifts tend to occur at locations where the magnetic equator goes through the winter hemi-
sphere and the occurrence time of peak upward drift happens at earlier LT in November–December.

The simulation results confirm that the nighttime upward vertical drifts in the equatorial ionosphere are dri-
ven by local dynamics associated with the thermospheric MTM and similar local features. Furthermore, sen-
sitivity studies indicate that depending on longitude both the zonal and meridional wind component may
contribute to the electrodynamic processes. A coherent eastward acceleration of the zonal wind on both
sides of the magnetic equator on the eastward flank of the pressure bulge associated with the MTM drives
the poleward-upward plasma convection similar to that occurring during the PRE. Additionally, poleward
structures in the total meridional wind may drive an eastward electric field and upward plasma drift if they
happen to straddle the magnetic equator as in the American sector in June–July.

Overall, the magnitude, timing, and longitudinal variation of the upward nighttime drifts is determined by
the interplay between the shape and location of the MTM and related local structures in temperature and
wind components relative to the magnetic equator as well as by the magnitude of the temperature peak.
It has been previously suggested that the MTM itself is possibly driven by nonlinear interactions of tides pro-
pagating from the lower atmosphere with a diurnally varying ion drag. Future modeling studies with two-way
coupled whole atmosphere-ionosphere models will shed more light on relative contributions of neutral-ion
and ion-neutral interactions on the nighttime dynamics and electrodynamics of the equatorial
thermosphere-ionosphere system. Both observational and modeling studies of seasonal, solar activity, and
longitudinal variations will be of particular interest and importance.
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