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Fig. 1. Schematic diagram of the procedure for estimating zonal plasma drift velocity from CHAMP measure-

Fig.
ments. 1. Schematic diagram of the procedure for estimating zonal
plasma drift velocity from CHAMP measurements.

In this paper we estimate zonal plasma drift in the equatorial ionospheric F region indirectly from the Challenging
Mini-Satellite Payload (CHAMP) measurements. We also
make direct comparisons 14between zonal wind and plasma
drift in the low-latitude F region. Furthermore, we assess
the influence of these two components on the vertical current
flowing in the equatorial F region. In Sect. 2 the instruments
and the derivation methods are described. The estimated velocities are presented and validated in Sect. 3. The climatology of the zonal drift is discussed in Sect. 4, and we draw
conclusions in Sect. 5.

2

Instrumentation and method

The CHAMP satellite was launched on 15 July 2000 into
a circular polar orbit. The orbit altitude was about 450 km
right after launch, and decayed slowly until the atmospheric
re-entry on 19 September 2010. The orbit inclination angle was 87.2◦ , so the local time (LT) changed by 12 h over
131 days. The main purpose of CHAMP was precise measurement of geomagnetic field, which was performed by
the Overhauser Magnetometer (OVM) and the Flux-Gate
Magnetometer (FGM). The pre-processed data rate is 1 Hz.
The Space Triaxial Accelerometer for Research (STAR or
ACC) is the on-board accelerometer, from which we can
get information on the neutral mass density and cross-track
wind velocity (approximately in the zonal direction in geographic coordinates) every 10 s. The Planar Langmuir Probe
(PLP) measures electron density and temperature every 15 s.
CHAMP also carried a Digital Ion Drift Meter (DIDM),
which could have directly measured the three-dimensional
plasma drift velocity. Unfortunately, the DIDM was degraded
severely during launch. We can only get relative ion density
variation from the DIDM. Below we describe how the zonal
Ann. Geophys., 31, 1035–1044, 2013
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drift speed can be retrieved from the combined observations
of the FGM, ACC, and PLP.
The geomagnetic field vectors observed by the FGM reflect a variety of source current systems – e.g. in Earth’s
core, crust, ionosphere, and magnetosphere. In this study
we are only interested in the ionospheric currents. Therefore, the contributions from Earth’s core, crust, and magnetosphere (hereafter called “mean field” or “mean geomagnetic
field”) are modelled and subtracted from the FGM observations. We use the Pomme6 model (http://www.geomag.us/
models/pomme6.html) for this study. The result of the subtraction (hereafter, “residual field”) is considered as reflecting ionospheric currents. The residual field is transformed
into the mean-field-aligned (MFA) coordinates. The x-axis is
parallel to the mean field (hereafter, “parallel component”),
y-axis perpendicular to the magnetic meridian pointing eastward (hereafter, “zonal component”), and z-axis completes
the right-handed triad and is pointing towards lower L shells
(hereafter, “meridional component”). In this study we only
use the zonal (y) component of the residual field.
The vertical current density flowing in the equatorial ionospheric F region, jz , can be described by the following equation (e.g. Park and Lühr, 2012):
jz = σP (Ez − uy Bx ),

(1)

where σP is the local Pedersen conductivity, Ez the vertical
electric field, uy the zonal wind, and Bx the mean geomagnetic field at the equator. The first term on the right-hand side
reflects the current originating from the polarization E field.
The second term is the F region dynamo current driven by F
region zonal wind (see e.g. Lühr and Maus, 2006). Most of
the terms in Eq. (1) can be deduced from the CHAMP observations (refer to the schematic diagram in Fig. 1). The vertical current density (jz ) on the left-hand side can be estimated
when the CHAMP/FGM observations of zonal magnetic deflection are interpreted in terms of the Ampere’s law.
jz ≈

1 ∂by
,
µ0 ∂x

(2)

where µ0 is the permeability of free space, and ∂by is the
spatial change of the zonal magnetic field between positions
x and x + ∂x. The ambient magnetic field, Bx (in the second
term on the right-hand side of Eq. 1), is also measured by
CHAMP/FGM. The CHAMP/ACC observes the cross-track
(practically zonal in geographic coordinates) wind, which we
approximate as uy in Eq. (1). The Pedersen conductivity,
σP , can be estimated using plasma and neutral density values (Schunk and Nagy, 2009, Sect. 4.8, Table 4.5), which
are directly measured by CHAMP/PLP and deduced from
CHAMP/ACC data, respectively. Hence, the only unknown
parameter in Eq. (1) is the vertical E field, Ez (or, equivalently, zonal plasma drift velocity, Ez /Bx ). Solving for this
unknown, the zonal plasma drift velocity at the equator is expressed by the following equation (e.g. Park and Lühr, 2012):
www.ann-geophys.net/31/1035/2013/
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vy =

Ez
jz
jz Bx2
=
+ uy =
Bx
σP Bx
νin ne mi Bx
+ uy
=

3.67 × 10−17 nn

√

jz Bx2
Tr (1 − 0.064 log10 Tr )2 ne mi Bx

+ uy
≈

jz Bx2
ρ √
−17
3.67 × 10
mn Tr (1 − 0.064

+ uy ,

log10 Tr )2 ne mi Bx
(3)

where νin is ion-neutral collision frequency (in s−1 ), ne electron density (in m−3 ), mi mean mass of ions (in kg), nn
neutral number density (in m−3 ), Tr the arithmetic mean of
neutral and ion temperatures (in K), ρ neutral mass density (in kg m−3 ), and mn the mean mass of neutral particles (in kg). We have deduced the temperature Tr from
the International Reference Ionosphere (IRI)-2012 (http:
//omniweb.gsfc.nasa.gov/vitmo/). For environmental conditions similar to those prevailing during the considered period
(F10.7 ≈ 155, height = 400 km, LT = 15 h) we obtain Tr ≈
1200 K. Also, we have assumed that mi is the oxygen mass
based on the IRI-2012, and mn ≈ 1.2 × mi based on the
Mass-Spectrometer-Incoherent-Scatter (MSIS) model (http:
//omniweb.gsfc.nasa.gov/vitmo/).
The Republic of China Satellite-1 (ROCSAT-1, also
known as FORMOSAT-1) is Taiwan’s first scientific satellite, launched in 1999. Its orbital altitude is 600 km,
and the inclination angle is about 35◦ (e.g. Su et al.,
2001). Note that the orbit altitude is higher than that of
CHAMP. The Ionospheric Plasma and Electrodynamics Instrument (IPEI) measures cold plasma parameters such as ion
density/temperature/composition and 3-dimensional plasma
drift velocity. The IPEI operated during the solar maximum
period from March 1999 to June 2004. In this study zonal
plasma drift (perpendicular to the geomagnetic field) with 1 s
resolution is used (data available at http://cdaweb.gsfc.nasa.
gov/). In the ROCSAT-1 data set, zonal drift speed exceeding
500 m s−1 is deemed unreasonable and neglected in the data
binning. As the processed CHAMP/ACC data are available
only from June 2001, we use the period from June 2001 to
June 2004 in this study. Further, we restrict ourselves to the
sector from 08:30 to 20:30 LT. For the other LT bins the reliability of the method described above is expected to be low
because (1) the F region vertical current is weak (e.g. Park
et al., 2010, Fig. 3), and (2) zonal wind exhibits large variability in comparison to the mean value (e.g. Liu et al., 2006,
Fig. 3).

www.ann-geophys.net/31/1035/2013/

Results

In this study we are focusing on the statistical properties
of the low-latitude F region dynamics. For that reason the
CHAMP data of June 2001–June 2004 are binned in cells of
3◦ in magnetic latitude (MLAT), 20◦ in geographic longitude
(GLON), and 1 h in LT. Thanks to the large number of readings, we could further subdivide the entries into the three seasons: combined equinoxes, June solstice, and December solstice. For each season, measurements for ∼ 131 days, during
which CHAMP can sample all LT sectors, have been used.
Note that each solstice overlaps with equinox for a few days
at the borders. As we are interested in the climatological features of the F region dynamics, geomagnetically active days
with daily Kp > 4 are skipped. Bin averages for all the quantities needed in Eq. (3) are calculated. These are the magnetic
field vectors, neutral density and zonal wind, and the electron
∂b
density. To calculate the µ10 ∂xy term in Eq. (2), we first apply linear detrend and the discrete Fourier transform (DFT)
to each MLAT profile of by , and extract the latitudinally antisymmetric component (e.g. Park et al., 2010). Then, the latitudinal gradient of that component around the geomagnetic
equator is calculated by linear regression within ±6◦ MLAT,
∂b
which is ∂xy .
We have obtained the bin averages of the ionosphere–
thermosphere parameters around the peak of solar cycle 23
(June 2001–June 2004) with an average solar flux level of
F10.7 ≈ 155. One of the prime drivers of the low-latitude
ionospheric dynamics is the zonal wind. Figure 2 shows the
observed mean zonal wind above the magnetic equator at
about 400 km altitude. Colour-coded velocities are plotted
into GLON versus LT frames separately for each of the three
seasons. The standard deviation and standard error of the
mean are calculated in each bin (GLON × LT × season). Between 09:00 LT and 20:00 LT the standard deviation (standard error of the mean) in each bin is 40–50 m s−1 (4–
5 m s−1 ) on average. These values are smaller than the natural diurnal variation range of zonal wind velocity (i.e. within
about ±150 m s−1 ). This means that Fig. 2 closely represents the diurnal behaviour of zonal wind. CHAMP observations reveal the well-known characteristics of the lowlatitude zonal wind: westward (negative) winds prevail during daytime and eastward in the evening (e.g. Coley et al.,
1994). The direction switches around 16:00 LT. On a diurnal
cycle the westward wind maximizes before noon. The daytime westward wind speed is higher than 100 m s−1 around
the diurnal peak.
The zonal plasma drift (vy ) as estimated from Eq. (3) is
presented in Fig. 3 in the same format and colour scale as in
Fig. 2. We see LT dependences very similar to those of Fig. 2.
Both plasma and wind move in the same direction with the
switch-over around 16:00 LT, but the wind is a little faster in
both (westward and eastward) directions. Westward plasma
drifts peak before noon just as the westward neutral winds
Ann. Geophys., 31, 1035–1044, 2013
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Fig. 2. Average cross-track (nearly zonal) wind velocity estimated from the CHAMP observations. Each panel corresponds to a season.

shown in Fig. 2. Equation (3) contains an empirical relation
of the Pedersen conductivity, whose accuracy is not known
to us, and we have introduced several assumptions to solve
Eq. (3). Hence, it is not straightforward to determine error
bars for vy in Fig. 3. Instead we describe the sensitivity of
vy in Fig. 3 to some independent variables. First, the spread
of zonal wind speed, as shown in the preceding paragraph,
enters directly the spread of vy (see Eq. 3). Second, the vy
in Fig. 3 is affected by the assumed value of Tr . We have
used Tr = 1000 K and 1400 K. Both of the values lead to deviations, with respect to the case of Tr = 1200 K, at most by
18 m s−1 . As the variation range of vy is about ±100 m s−1 ,
these uncertainties cannot compromise the results presented
in Fig. 3 severely.
From Eq. (1) we know that both the zonal wind and
the vertical component of the polarization electric field (or,
equivalently, the zonal plasma drift) contribute to the F region vertical current. The net current density can be estimated from CHAMP magnetic field measurements using
Eq. (2) (see also Lühr and Maus, 2006). Combining CHAMP

Ann. Geophys., 31, 1035–1044, 2013

observations (FGM, PLP, and ACC) we can also quantify
the relative contributions of the two constituents to the net
F region vertical current. Figure 4 shows a comparison of
the current contributions averaged over all GLON sectors
and seasons. As the right-hand side of Eq. (2) is obtained
by the Fourier decomposition and linear regression, it is not
straightforward to add error bars to Jnet in Fig. 4. Instead
we estimate the variability of Jnet as follows. The standard
error of the mean by within ±6◦ MLAT is 0.5–0.6 nT on
average, and the linear regression is conducted within the
∂b
MLAT range. Therefore, the error of ∂xy is approximately
(0.6 nT)/(6◦ ), which corresponds to an error of 0.7 nA m−2
for Jnet . As described above, the standard error of the mean
zonal wind is generally 4–5 m s−1 . This value corresponds
to error of about 2 nA m−2 for Jdynamo . In general, these errors are small in comparison to the variation ranges of Jnet ,
JPedersen , and Jdynamo , implying that Fig. 4 shows representative behaviours of the currents. It is quite obvious that the
polarization electric field drives a current in the direction opposite to the F region dynamo wind. The amplitude of the

www.ann-geophys.net/31/1035/2013/
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Fig. 3. Zonal plasma drift velocity estimated from CHAMP observations, in the same format as that of Fig. 2.

observed net current is therefore only a small fraction of the
magnitude of the currents driven by the F region wind dynamo. Still, the dominance of the F region wind dynamo
controls the polarity of the net F region vertical currents. It is
interesting to see that the independently measured wind velocity and current density switch their signs at nearby points
around 16:00 LT.
To validate the zonal plasma drift (vy ) in Fig. 3 we considered plasma drift data from ROCSAT-1. These measurements
have been binned in the same way as the CHAMP readings.
The ROCSAT-1 zonal plasma drifts, which were averaged
within ±1.5◦ MLAT, are displayed in Fig. 5, in just the same
format and colour scale as in Fig. 3. The standard deviation and standard error of the mean are calculated in each
bin (GLON × LT × season). Between 09:00 LT and 20:00 LT
the standard deviation (standard error of the mean) in each
bin is 40–50 m s−1 (about 1 m s−1 ) on average. These values
are smaller than the variation range of vy (i.e. within about
±100 m s−1 ), which suggests that Fig. 5 closely describes the
representative behaviour of vy . As a cross check we compare

www.ann-geophys.net/31/1035/2013/

our Fig. 5 with Su et al. (2009), who also used the ROCSAT-1
zonal drift data during a similar period of time. Notable features in Figs. 3–4 of Su et al. (2009) can be summarized as
follows. In December–January daytime vy generally exhibits
weaker LT dependence than in June–July. The magnitude of
daytime vy in December–January is generally smaller than
that in June–July. Westward-to-eastward reversal time is generally later (near 18:00 LT) in June–July than in December–
January (near 16:00 LT). Westward-to-eastward reversal time
in June–July (December–January) is latest (earliest) around
330◦ E GLON. All these features are in good agreement with
our Fig. 5.
In the following we compare Figs. 3 and 5 in detail. In
both figures, vy reversal time during December solstice is
earlier around 330◦ E GLON than in the other GLON sectors. For June solstice, drift reversal is latest around 330◦ E
GLON in Fig. 5 (ROCSAT-1), while this tendency is barely
observable in Fig. 3 (CHAMP). Also, the diurnal variation
range of vy is slightly smaller for ROCSAT-1 (Fig. 5) than
for CHAMP (Fig. 3). The sign change of vy occurs later for

Ann. Geophys., 31, 1035–1044, 2013
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−50 m s−1 , which leads to the large intercept (37.8 m s−1 ) of
the regression equation. In summary, the zonal plasma drifts
from ROCSAT-1 and CHAMP are in qualitative agreement,
but there are non-negligible offsets and differences between
them, especially near the westward velocity peak and drift
reversal.

4

Fig. 4. Comparison of the contributors to the net F region vertical
current: the F region dynamo current driven by F region zonal wind
and the F region Pedersen current driven by the polarization electric
field.

ROCSAT-1 than for CHAMP around June solstice (by about
2 h in LT). Moreover, the peak westward drift as observed by
ROCSAT-1 occurs in the afternoon sector, especially during
equinoxes and June solstice. Note that the westward drift as
estimated from CHAMP data (Fig. 3) generally maximizes
before noon.
Figure 6 presents the correlation between vy from
ROCSAT-1 (x-axis) and CHAMP (y-axis) separately for
each season in the form of scatter plots. The bottomright panel contains all the data points combined. Each
point in Fig. 6 corresponds to one bin in Figs. 3 and
5 (GLON × LT × season). The correlation coefficients are
quite high. For December and equinox seasons they reach
almost 0.9, which confirms the close agreement between
the two independent data sets. Also the slopes of the robust linear regression lines are close to unity (see the equations in each panel). Of the three seasons, the correlation coefficient is lowest during June solstice, but still as
high as 0.75. Some systematic differences between CHAMP
and ROCSAT-1 are worth discussing. For highly negative
(westward) velocities, ROCSAT-1 values go into saturation
with respect to those estimated by CHAMP. Conversely,
ROCSAT-1 observes slightly larger positive (eastward) velocities than those estimated by CHAMP except for June
solstice. Good agreements are achieved in the range vy =
±50 m s−1 . During June solstice months a bias between the
ROCSAT-1 data and CHAMP estimates appears to be about
Ann. Geophys., 31, 1035–1044, 2013

Discussion

In this study we have presented the distribution of zonal
plasma drift at low latitudes, estimated indirectly from
CHAMP observations. The method was suggested earlier by
Park and Lühr (2012), but applied then only to a limited period around the major sudden stratospheric warming (SSW)
event in December 2001. For a qualitative verification, Park
and Lühr (2012) compared their results (averaged over all the
GLON sectors) with the climatological drift model of Fejer
et al. (2005) (obtained at Jicamarca).
In the current study we make use of CHAMP and
ROCSAT-1 measurements during 3 years of high solar activity. This larger data set results in a finer resolution in GLON,
LT, and season. CHAMP estimates have been directly compared with ROCSAT-1 plasma drift observations for validation purposes. Since the orbits of the two satellites are very
different in terms of altitudes and inclination angles, a statistical approach is used: the two vy values are compared in bins
of GLON, LT, and season. A favourable correlation coefficient, R ≥ 0.84 during December solstice and equinox, confirms the general agreement of plasma drift velocities from
the two satellites. Also, the ratio between the two drift velocities is close to unity. We may conclude that the vy estimated
from CHAMP data has a reasonable reliability.
Concerning certain differences between ROCSAT-1 and
CHAMP plasma drifts, we compare both results with previous works. Fejer et al. (2005) conducted a climatological
study on zonal plasma drift above Jicamarca near the F region peak (typically 300–500 km), which is similar to the
CHAMP orbit altitude. For high solar activity periods, daytime westward drift in general maximizes at 11:30–12:00 LT,
12:30–13:00 LT, and 11:00–11:30 LT during equinox, June
solstice, and December solstice, respectively (Fejer et al.,
2005, Fig. 1). In our Fig. 3 westward drifts estimated by
CHAMP around 280◦ E GLON generally peak at 09:00–
11:00 LT during the three respective seasons. In the same
GLON sector, our Fig. 5 shows westward drift maxima for
ROCSAT-1 generally at 12:00–13:00 LT during the three respective seasons. Concerning the LT of maximum westward
drift, the results of Fejer et al. (2005) show better agreement
with ROCSAT-1 data (our Fig. 5) than with CHAMP estimates (our Fig. 3).
In Fig. 1 of Fejer et al. (2005) zonal plasma drift
for high solar activity periods reverses from westward
to eastward between 16:00 LT and 17:00 LT in all seasons. In our Fig. 3 (CHAMP) zonal plasma drift around
www.ann-geophys.net/31/1035/2013/
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Fig. 5. Same as Fig. 2, but for average zonal plasma drift velocity observed by the ROCSAT-1/IPEI.

280◦ E GLON generally reverses from westward to eastward at 15:00–16:00 LT. Compared to Fejer et al. (2005)
the reversals in CHAMP data appear about an hour early.
In the case of ROCSAT-1 (see our Fig. 5) the reversal times
at 280◦ E GLON are 16:00–17:00 LT, 17:00–18:00 LT, and
15:00–16:00 LT during the respective seasons. According to
Su et al. (2009) mean reversal times in the Jicamarca sector
are 16:40 LT and 15:20 LT for June and December solstice
months, respectively, which is consistent with our Fig. 5.
Concerning the LT of vy reversal, ROCSAT-1 measurements
are in better agreement with Fejer et al. (2005) than CHAMP
estimates are.
According to the San Marco D observations at 350–
700 km apex altitudes (Maynard et al., 1995, Fig. 4), vy
changes sign near 16:00 LT in equinox and solstice. Note
that these observations are not limited to the Jicamarca location. In our Figs. 3 and 4, the reversal times of CHAMP vy
are slightly before 16:00 LT on average. In our Fig. 5 and
Fig. 4 of Su et al. (2009) the reversal times of ROCSAT1 vy are near 17:00 LT on average. Hence, the vy reversal

www.ann-geophys.net/31/1035/2013/

time of San Marco-D data (16:00 LT) is consistent with the
CHAMP estimates rather than with the ROCSAT-1 observations. vy reversal time in Fig. 3 (CHAMP) depends little on
seasons. Conversely, ROCSAT-1 measurements in our Fig. 5
and in Su et al. (2009, Fig. 4) show that the vy reversal time is
much later during June solstice than in the other seasons. As
a consequence, the intercept of the regression line in Fig. 6
is largest during June solstice (about 40 m s−1 ), which corresponds to the delayed reversal of ROCSAT-1 vy with respect
to CHAMP vy . We note that the reversal time in Maynard et
al. (1995, Fig. 4) and Fejer et al. (2005, Fig. 2) exhibits no
conspicuous delay during June solstice, which agrees with
our Fig. 3 (CHAMP) rather than with our Fig. 5 (ROCSAT1). Daytime westward drift shown in Maynard et al. (1995,
Fig. 4) maximizes at 13:00 LT for both equinox and solstice.
It is in better agreement with ROCSAT-1 observations (our
Fig. 5) than with CHAMP estimates (our Fig. 3).
As discussed in the preceding paragraphs, vy measured by
ROCSAT-1 and that estimated by CHAMP exhibit some discrepancies in the local times of vy reversal and of maximum

Ann. Geophys., 31, 1035–1044, 2013
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J. Park and H. Lühr: Zonal plasma drift estimation

Fig. 6. The correlation diagram between Figs. 3 and 5 for each season. The bottom-right panel contains all the data points in the other panels.

westward drift. Concerning these differences, previous studies generally support the ROCSAT-1 observations, but not
always (e.g. Maynard et al., 1995, Fig. 4). Hence, there
seem to be multiple factors that compromise the agreement
of vy between CHAMP and ROCSAT-1. First, assumptions
used for vy estimation from CHAMP data can contribute to
the discrepancies. Especially, the empirical equation
√of ionneutral collision frequency (νin = 3.67 × 10−17 nn Tr (1 −
0.064 log10 Tr )2 ) may need additional correction terms depending on LT, GLON, and season. Second, CHAMP observations may also have some uncertainties, e.g. zonal wind uncertainty of about 20 m s−1 as mentioned by Liu et al. (2006).
Also, vy measured by ROCSAT-1 may have non-negligible
uncertainties as the velocity component is deduced primarily from the along-track drift measurements. For this component an uncertainty of ±37.8 ∼ 75.45 m s−1 is quoted in
http://cdaweb.gsfc.nasa.gov/misc/NotesR.html.
We discuss the relative contributions from the ionospheric
E and F regions to the vertical currents in the equatorial F
region. The daytime vy at F region altitudes is driven primarily by the meridional electric field generated in the E layer
Ann. Geophys., 31, 1035–1044, 2013

(e.g. Heelis, 2004, Eq. 11). This electric field maps up from
low latitudes to CHAMP and ROCSAT-1 altitudes and causes
the zonal plasma flow. The zonal wind in the F region blows
in the same direction as the plasma drift (westward during
daytime and eastward in the evening and at night), thus experiencing a much reduced ion drag. In our Figs. 2–3 the
neutral wind is generally faster (in magnitude) than the ion
drift, which agrees with Coley et al. (1994, Fig. 2). In our
Fig. 4 we show the large and oppositely directed contribution of the zonal neutral wind and vy (vertical polarization E
field) to F region vertical currents, which has not been appreciated appropriately in some of the earlier studies (e.g. Lühr
and Maus, 2006; Park et al., 2010). Our observations demonstrate not only that the E region is a high-conductivity load
for the F region wind dynamo currents, but also that the E
field generated by E region zonal wind affects the net F region vertical current significantly via the polarization electric
field.
We have shown that zonal plasma drift in the equatorial F region can be estimated reasonably well without any
ion drift meter, if electron/neutral/magnetic observations in
www.ann-geophys.net/31/1035/2013/
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the F region are available. The reliability of the estimation
will be improved when we have further information on ion
temperature and composition (see Eq. 3), which were unavailable for this study. The upcoming constellation mission
of the European Space Agency, “Swarm”, consists of three
identical CHAMP-like satellites. The Swarm satellites can
measure all the ionospheric parameters obtained by CHAMP
as well as ion temperature, composition, and drift velocity.
The ion temperature and composition can give further constraints to Eq. (3), and the estimated vy can be compared
directly to vy measured by Swarm. Moreover, one of the
Swarm satellites will be at higher altitudes than the others. This formation may help to clarify whether some of
the discrepancies between the CHAMP estimation and the
ROCSAT-1 observation (see Fig. 6) reflect a real altitude dependence of vy . With the advent of the next solar maximum,
when the F region vertical currents are expected to be strong
and clearly measurable, the Swarm satellites should provide
an opportunity to validate our method of vy estimation more
thoroughly and extensively.
5

Summary

Following the method suggested by Park and Lühr (2012),
we have estimated zonal plasma drift velocity in the 09:00–
20:00 LT sector using electron/neutral/magnetic observations
of CHAMP. For the period from June 2001 to June 2004 the
estimated values are validated against ion drift measurements
by ROCSAT-1/IPEI, and are compared with results from previous ionospheric studies. Our main conclusions can be summarized as follows:
1. The plasma drifts estimated from CHAMP data are
in reasonable agreement with the measurements by
ROCSAT-1. A direct comparison of the data reveals a
high linear correlation (R ≈ 0.8) for data obtained between 09:00 and 20:00 LT. The slope of the regression
line is close to unity for all seasons (Fig. 6).
2. vy estimated from CHAMP data show some discrepancies with the ROCSAT-1 measurements. vy measured
by ROCSAT-1 (estimated from CHAMP data) generally exhibits peak westward velocities after (before)
noon. The reversal from westward to eastward zonal
plasma drift, as estimated from CHAMP data, is earlier
by about 1–2 h than ROCSAT-1 observations. Concerning these differences, some previous studies support the
ROCSAT-1 observations, while others agree better with
the CHAMP estimates.
3. During most parts of daytime, zonal wind and plasma
drift generally point in the same direction in the equatorial F region. This significantly reduces the ion drag
effect on the neutrals. The reduced ion drag is one of
the main causes of the high wind speeds along the magnetic equator, as reported by Liu et al. (2009).
www.ann-geophys.net/31/1035/2013/
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4. Zonal wind and plasma drift (or, equivalently, vertical
polarization E field) contribute to the vertical F region
current in opposite directions: e.g. an eastward wind
drives upward currents, while an eastward plasma drift
(or, equivalently, downward polarization E-field) causes
downward current. In general the former effect (u × B
wind dynamo) is lager in magnitude than the latter (Pedersen current), determining the direction of the net vertical current in the equatorial F region.
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