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Abstract. In this paper we estimate zonal plasma drift in Plasma density in the ionospheric F region is controlled not
the equatorial ionospheric F region without counting on iononly by local ionization/loss processes, but also by plasma
drift meters. From June 2001 to June 2004 zonal plasmdransport. Therefore, the climatology of the F region plasma
drift velocity is estimated from electron, neutral, and mag- drift has gained significant attention in ionospheric science.
netic field observations of Challenging Mini-satellite Pay- Especially, the vertical drift has direct control over the F layer
load (CHAMP) in the 09:00-20:00 LT sector. The estimated height, which affects the recombination rate. The majority
velocities are validated against ion drift measurements byof previous studies about F region plasma transport have fo-
the Republic of China Satellite-1/lonospheric Plasma andcused on the vertical drift (e.@astrj 1996 Scherliess and
Electrodynamics Instrument (ROCSAT-1/IPEI) during the Fejer, 1999 Hartman and Heelj007 Kil et al., 2007, Fe-
same period. The correlation between the CHAMP (altitudejer et al, 2008 Stolle et al, 2008 to name only a few). The
~ 400 km) estimates and ROCSAT-1 (altitud00 km) ob-  horizontal drift (e.gColey et al, 1994 Maynard et al.1995
servations is reasonably higlR & 0.8). The slope of the Fejer et al. 2005 Pacheco et 312011, on the other hand,
linear regression is close to unity. However, the maximumhas been given relatively less attention. Zonal drift of F re-
westward drift and the westward-to-eastward reversal occugion plasma is generally westward (eastward) during day-
earlier for CHAMP estimates than for ROCSAT-1 measure-time (nighttime) (e.gFejer et al. 2005 Fig. 1). As the east-
ments. In the equatorial F region both zonal wind and plasmawvard drift speed at low latitudes is generally stronger than the
drift have the same direction. Both generate vertical currentsvestward one, the daily average of the zonal drift results in
but with opposite signs. The wind effect (F region wind dy- net eastward drift: the so-called super-rotation (Bacheco
namo) is generally larger in magnitude than the plasma driftet al, 2011). As the latitudes get lower, the super-rotation
effect (Pedersen current generated by vertical E field), thudecomes stronger. The magnitude of zonal drift speed on the
determining the direction of the F region vertical current.  dayside (nightside) exhibits weak (strong) positive correla-
tion with the solarFi7 index (e.g Fejer et al.2005 Fig. 2).
The zonal drift depends on longitude as well as on latitude
(e.g.Pacheco et g12011).

Although there are a number of papers on the zonal plasma
1 Introduction drift, a large number of those studies are restricted to lo-

) _ o ) ) ~ cal nighttime because they used equatorial plasma bubbles

The ionospheric F region is an important medium for radio (EpBs) as a tracer for estimating the zonal plasma drift (e.g.
communication. Among a variety of parameters characteriz(j| et al., 2002 de Paula et 82002 Martinis et al, 2003
ing the F region, the plasma density is one of the most esgngland and ImmeR012). Some of the other extensive stud-
sential parameters because it determines the reflection heighs * which covered the dayside climatology, used ground-
of various radio waves (e.@Chen et al. 2011, affects the  pased instrumentation at a fixed geographic location eg.
phase delay of wave signals (elge et al.2004 Noja et jer et al, 2005. Further studies on the climatology of zonal

al, 2013, and disturbs communication links (easu et plasma drift, especially on the dayside, are still warranted.
al.,, 1988 2001, Nishioka et al. 2011, Manju et al, 2011).
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drift speed can be retrieved from the combined observations

Jz=0p(E;) - U,By) of the FGM, ACC, and PLP.

¢he only unknolon in this equation The geomagnetic field vectors observed by the FGM re-
FraOn ST SCTELT, L flect a variety of source current systems — e.g. in Earth’s
(estimated by the FGM) core, crust, ionosphere, and magnetosphere. In this study

CHAMP we are only interested in the ionospheric currents. There-
i l : fore, the contributions from Earth’s core, crust, and magneto-

sphere (hereafter called “mean field” or “mean geomagnetic

Atk i, UP‘-__“ ﬂeld”) are modelled and subtracted from the FGM observa-

:..-’(estima“cegr?;;réﬁ)LP,ACC, tions. We use the Pomme6 modéktp://www.geomag.us/

e . B models/pomme6.htfor this study. The result of the sub-

k traction (hereafter, “residual field”) is considered as reflect-

7 4 1 ing ionospheric currents. The residual field is transformed

geomagheticfield, By ¢ ] into the mean-field-aligned (MFA) coordinates. The x-axis is
(measuredby theFGM) - % parallel to the mean field (hereafter, “parallel component”),
" : y-axis perpendicular to the magnetic meridian pointing east-
ward (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.

In this paper we estimate zonal plasma drift in the equa- The_ vertica_l current density flqwing in the equatprial iono-
torial ionospheric F region indirectly from the Challenging SPheric F regionjz, can be described by the following equa-
Mini-Satellite Payload (CHAMP) measurements. We also tion (e.g.Park and lihr, 2012:
make direct comparisons between zonal wind and plasma
drift in the low-latitude F region. Furthermore, we assess’? = op(Ez —uyBy), (1)
the influence of these two components on the vertical currenfynereop is the local Pedersen conductivity, the vertical
flowing in the equatorial F region. In Sect. 2 the instrumentsg|ectric field,uy the zonal wind, andBy the mean geomag-
and the derivation methods are described. The estimated Veretic field at the equator. The first term on the right-hand side
locities are presented and validated in Sect. 3. The climatolreflects the current originating from the polarization E field.
ogy of the zonal drift is discussed in Sect. 4, and we drawThe second term is the F region dynamo current driven by F
conclusions in Sect. 5. region zonal wind (see e.giihr and Maus2006). Most of
the terms in Eq. (1) can be deduced from the CHAMP obser-
vations (refer to the schematic diagram in Fig. 1). The verti-
cal current density ) on the left-hand side can be estimated
when the CHAMP/FGM observations of zonal magnetic de-
flection are interpreted in terms of the Ampere’s law.

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

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 1 9by

re-entry on 19 September 2010. The orbit inclination an-/z "~ %g’ (2)

gle was 872°, so the local time (LT) changed by 12 h over

131 days. The main purpose of CHAMP was precise meaWwhere o is the permeability of free space, andy is the
surement of geomagnetic field, which was performed byspatial change of the zonal magnetic field between positions
the Overhauser Magnetometer (OVM) and the Flux-Gatet andx + dx. The ambient magnetic fieldy (in the second
Magnetometer (FGM). The pre-processed data rate is 1 HZ€rm on the right-hand side of Eq. 1), is also measured by
The Space Triaxial Accelerometer for Research (STAR orCHAMP/FGM. The CHAMP/ACC observes the cross-track
ACC) is the on-board accelerometer, from which we can(practically zonal in geographic coordinates) wind, which we
get information on the neutral mass density and cross-traciPproximate asiy in Eq. (1). The Pedersen conductivity,
wind velocity (approximately in the zonal direction in geo- op, can be estimated using plasma and neutral density val-
graphic coordinates) every 10s. The Planar Langmuir Probél€s Schunk and Nagy2009 Sect. 4.8, Table 4.5), which
(PLP) measures electron density and temperature every 1538re directly measured by CHAMP/PLP and deduced from
CHAMP also carried a Digital lon Drift Meter (DIDM), CHAMP/ACC data, respectively. Hence, the only unknown
which could have directly measured the three-dimensionaParameter in Eq. (1) is the vertical E fiell; (or, equiva-
plasma drift velocity. Unfortunately, the DIDM was degraded lently, zonal plasma drift velocitylz;/ By). Solving for this
severely during launch. We can only get relative ion densityunknown, the zonal plasma drift velocity at the equator is ex-
variation from the DIDM. Below we describe how the zonal Pressed by the following equation (eRark and lihr, 2012:
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3 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), 20in geographic longitude
(GLON), and 1 hin LT. Thanks to the large number of read-
ings, we could further subdivide the entries into the three sea-
sons: combined equinoxes, June solstice, and December sol-

 p2

~ 7 J2Bx 5 stice. For each season, measurements-fd81 days, during
3.67x 107172 /Tr(1-0.064 logo Tr)?nemiBx  which CHAMP can sample all LT sectors, have been used.

+uy, (3) Note that each solstice overlaps with equinox for a few days

at the borders. As we are interested in the climatological fea-
tures of the F region dynamics, geomagnetically active days
with daily Kp > 4 are skipped. Bin averages for all the quan-
tities needed in Eq. (3) are calculated. These are the magnetic
field vectors, neutral density and zonal wind, and the electron

density. To calculate th 0% term in Eq. (2), we first ap-
ply linear detrend and the discrete Fourier transform (DFT)
the International Reference lonosphere (IRI)-20h2tp( to each MLAT profile ofby, and extract the latitudinally anti-
/lomniweb.gsfc.nasa.gov/vitmo/For environmental condi- symmetric component (e.§ark et al. 2010. Then, the lat-
tions similar to those prevailing during the considered perioditudinal gradient of that component around the geomagnetic
(F107 ~ 155, height=400km, LT=15h) we obtaifi, ~ equator is calculated by linear regression withié® MLAT,
1200K. Also, we have assumed thait is the oxygen mass \yhich is%.

based on the IRI-2012, anety ~1.2x m; based on the e have obtained the bin averages of the ionosphere—
Mass-Spectrometer-Incoherent-Scatter (MSIS) moldb{  thermosphere parameters around the peak of solar cycle 23
/lomniweb.gsfc.nasa.gov/vitmo/ (June 2001-June 2004) with an average solar flux level of
The Republic of China Satellite-1 (ROCSAT-1, also fy,;~ 155. One of the prime drivers of the low-latitude
known as FORMOSAT-1) is Taiwan's first scientific satel- jonospheric dynamics is the zonal wind. Figure 2 shows the
lite, launched in 1999. Its orbital altitude is 600km, gbhserved mean zonal wind above the magnetic equator at
and the inclination angle is about 3%e.g. Su et al,  about 400 km altitude. Colour-coded velocities are plotted
200]). Note that the orbit altitude is higher than that of jhto GLON versus LT frames separately for each of the three
CHAMP. The lonospheric Plasma and Electrodynamics In-seasons. The standard deviation and standard error of the
strument (IPEI) measures cold plasma parameters such as iqRean are calculated in each bin (GLGNLT x season). Be-
density/temperature/composition and 3-dimensional plasm@yeen 09:00 LT and 20:00 LT the standard deviation (stan-
drift velocity. The IPEI operated during the solar maximum dard error of the mean) in each bin is 40-50thg4—
period from March 1999 to June 2004. In this study zonals ms-1) on average. These values are smaller than the natu-
plasma drift (perpendicular to the geomagnetic field) with 1 sra| diurnal variation range of zonal wind velocity (i.e. within
resolution is used (data availablehdtp://cdaweb.gsfc.nasa. about+150ms1). This means that Fig. 2 closely repre-
govl). In the ROCSAT-1 data set, zonal drift speed exceedingsents the diurnal behaviour of zonal wind. CHAMP obser-
500ms is deemed unreasonable and neglected in the datgations reveal the well-known characteristics of the low-
binning. As the processed CHAMP/ACC data are availablejatitude zonal wind: westward (negative) winds prevail dur-
only from June 2001, we use the period from June 2001 thg daytime and eastward in the evening (eCgley et al,
June 2004 in this study. Further, we restrict ourselves to thqggzp' The direction switches around 16:00 LT. On a diurnal
sector from 08:30 to 20:30 LT. For the other LT bins the reli- Cyc|e the westward wind maximizes before noon. The day_
ablllty of the method described above is eXpeCted to be |0V\Qime westward wind Speed is h|gher than 100‘H¢] around
because (1) the F region vertical current is weak (Bayk  the diurnal peak.
et al, 201Q Fig. 3), and (2) zonal wind exhibits large vari-  The zonal plasma drift) as estimated from Eq. (3) is
ability in comparison to the mean value (eLgu etal, 2006 presented in Fig. 3 in the same format and colour scale as in
Fig. 3). 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

wherevy, is ion-neutral collision frequency (im$), ne elec-
tron density (in nT3), m; mean mass of ions (in kg)n
neutral number density (in ™d), 7; the arithmetic mean of
neutral and ion temperatures (in Kg, neutral mass den-
sity (in kgm3), and m,, the mean mass of neutral par-
ticles (in kg). We have deduced the temperatfliyefrom
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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 observations (FGM, PLP, and ACC) we can also quantify
of the Pedersen conductivity, whose accuracy is not knowrthe relative contributions of the two constituents to the net
to us, and we have introduced several assumptions to solvE region vertical current. Figure 4 shows a comparison of
Eqg. (3). Hence, it is not straightforward to determine errorthe current contributions averaged over all GLON sectors
bars foruvy in Fig. 3. Instead we describe the sensitivity of and seasons. As the right-hand side of Eq. (2) is obtained
vy in Fig. 3 to some independent variables. First, the spready the Fourier decomposition and linear regression, it is not
of zonal wind speed, as shown in the preceding paragraptstraightforward to add error bars thet in Fig. 4. Instead
enters directly the spread of (see Eq. 3). Second, thg we estimate the variability ofet as follows. The standard
in Fig. 3 is affected by the assumed valueTof We have  error of the mearby within £6° MLAT is 0.5-0.6nT on
used7; = 1000 K and 1400 K. Both of the values lead to de- average, and the linear regression is conducted within the
viations, with respect to the case if= 1200 K, at most by  MLAT range. Therefore, the error o%% is approximately
18ms *. As the variation range ofy is about=100ms™, (9 6nT)/(6), which corresponds to an error of 0.7 A
these uncertainties cannot compromise the results presentgg, ; .~ As described above, the standard error of the mean
in Fig. 3 severely. _ zonal wind is generally 4-5nm$. This value corresponds
From Eq. (1) we know that both the zonal wind and q error of about 2nAM? for Jaynamo In general, these er-
the vertical component of the polarization electric field (or, yors are small in comparison to the variation rangesref
equivalently, the zonal plasma drift) contribute to the F re- j, . and Jaynamo implying that Fig. 4 shows represen-
gion vertical current. The net current density can be €sS+ative hehaviours of the currents. It is quite obvious that the
timated from CHAMP magnetic field measurements usingpo|arization electric field drives a current in the direction op-
Eq. (2) (see alshiihr and Maus2009. Combining CHAMP  gite to the F region dynamo wind. The amplitude of the
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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 theour Fig. 5 withSu et al (2009, who also used the ROCSAT-1
magnitude of the currents driven by the F region wind dy- zonal drift data during a similar period of time. Notable fea-
namo. Still, the dominance of the F region wind dynamo tures in Figs. 3—4 ofu et al.(2009 can be summarized as
controls the polarity of the net F region vertical currents. Itis follows. In December—January daytimggenerally exhibits
interesting to see that the independently measured wind veweaker LT dependence than in June-July. The magnitude of
locity and current density switch their signs at nearby pointsdaytimevy in December—January is generally smaller than
around 16:00LT. that in June—July. Westward-to-eastward reversal time is gen-
To validate the zonal plasma drifty) in Fig. 3 we consid-  erally later (near 18:00 LT) in June—July than in December—
ered plasma drift data from ROCSAT-1. These measurementdanuary (near 16:00 LT). Westward-to-eastward reversal time
have been binned in the same way as the CHAMP readingsn June—July (December—January) is latest (earliest) around
The ROCSAT-1 zonal plasma drifts, which were averaged33(®° E GLON. All these features are in good agreement with
within +1.5° MLAT, are displayed in Fig. 5, in just the same our Fig. 5.
format and colour scale as in Fig. 3. The standard devia- In the following we compare Figs. 3 and 5 in detail. In
tion and standard error of the mean are calculated in eacboth figures,vy reversal time during December solstice is
bin (GLON x LT x season). Between 09:00 LT and 20:00 LT earlier around 330E GLON than in the other GLON sec-
the standard deviation (standard error of the mean) in eackors. For June solstice, drift reversal is latest around® 80
bin is 40-50 ms? (about 1 ms?) on average. These values GLON in Fig. 5 (ROCSAT-1), while this tendency is barely
are smaller than the variation rangewgf(i.e. within about  observable in Fig. 3 (CHAMP). Also, the diurnal variation
+100 ms1), which suggests that Fig. 5 closely describes therange ofvy is slightly smaller for ROCSAT-1 (Fig. 5) than
representative behaviour of. As a cross check we compare for CHAMP (Fig. 3). The sign change of, occurs later for
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CHAMP June 2001-2004 (ALL) —50ms1, which leads to the large intercept (37.8M)sof
N ‘ ﬁ the regression equation. In summary, the zonal plasma drifts
20| o from ROCSAT-1 and CHAMP are in qualitative agreement,
BN JP“’"’SQ“ but there are non-negligible offsets and differences between
“w et (observed) them, especially near the westward velocity peak and drift
s reversal.

4 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
S Park and liihr (2012, but applied then only to a limited pe-
’ riod around the major sudden stratospheric warming (SSW)
event in December 2001. For a qualitative verificatidark
and Lithr (2012 compared their results (averaged over all the
GLON sectors) with the climatological drift model &kjer
et al.(2005 (obtained at Jicamarca).
o 1 15 18 In the current study we make use of CHAMP and
LT (h) ROCSAT-1 measurements during 3 years of high solar activ-
ity. This larger data set results in a finer resolution in GLON,
Fig. 4. Comparisqn of the contributors t_o the net F r_egion verti(_:al LT, and season. CHAMP estimates have been directly com-
current: the F region dynamo current driven by F region zonal wind 5 . 4 \yith ROCSAT-1 plasma drift observations for valida-
?nd the F region Pedersen current driven by the polarization electn%i)On purposes. Since the orbits of the two satellites are very
ield. - . . L .
different in terms of altitudes and inclination angles, a statis-
tical approach is used: the twg values are compared in bins
of GLON, LT, and season. A favourable correlation coeffi-
ROCSAT-1 than for CHAMP around June solstice (by aboutcient, R > 0.84 during December solstice and equinox, con-
2hin LT). Moreover, the peak westward drift as observed byfirms the general agreement of plasma drift velocities from
ROCSAT-1 occurs in the afternoon sector, especially duringthe two satellites. Also, the ratio between the two drift veloc-
equinoxes and June solstice. Note that the westward drift agies is close to unity. We may conclude that theestimated
estimated from CHAMP data (Fig. 3) generally maximizes from CHAMP data has a reasonable reliability.
before noon. Concerning certain differences between ROCSAT-1 and
Figure 6 presents the correlation betweep from CHAMP plasma drifts, we compare both results with pre-
ROCSAT-1 (x-axis) and CHAMP (y-axis) separately for vious works.Fejer et al.(2005 conducted a climatological
each season in the form of scatter plots. The bottom-study on zonal plasma drift above Jicamarca near the F re-
right panel contains all the data points combined. Eachgion peak (typically 300-500 km), which is similar to the
point in Fig. 6 corresponds to one bin in Figs. 3 and CHAMP orbit altitude. For high solar activity periods, day-
5 (GLONx LT x season). The correlation coefficients are time westward drift in general maximizes at 11:30-12:00 LT,
quite high. For December and equinox seasons they reach2:30-13:00 LT, and 11:00-11:30LT during equinox, June
almost 0.9, which confirms the close agreement betweersolstice, and December solstice, respectivélgj¢r et al.
the two independent data sets. Also the slopes of the ro2005 Fig. 1). In our Fig. 3 westward drifts estimated by
bust linear regression lines are close to unity (see the equaEHAMP around 280E GLON generally peak at 09:00—
tions in each panel). Of the three seasons, the correlail:00LT during the three respective seasons. In the same
tion coefficient is lowest during June solstice, but still as GLON sector, our Fig. 5 shows westward drift maxima for
high as 0.75. Some systematic differences between CHAMAROCSAT-1 generally at 12:00-13:00 LT during the three re-
and ROCSAT-1 are worth discussing. For highly negativespective seasons. Concerning the LT of maximum westward
(westward) velocities, ROCSAT-1 values go into saturationdrift, the results of-ejer et al (20095 show better agreement
with respect to those estimated by CHAMP. Conversely,with ROCSAT-1 data (our Fig. 5) than with CHAMP esti-
ROCSAT-1 observes slightly larger positive (eastward) ve-mates (our Fig. 3).
locities than those estimated by CHAMP except for June In Fig. 1 of Fejer et al. (2005 zonal plasma drift
solstice. Good agreements are achieved in the rapge  for high solar activity periods reverses from westward
+50ms L. During June solstice months a bias between theto eastward between 16:00LT and 17:00LT in all sea-
ROCSAT-1 data and CHAMP estimates appears to be abouwtons. In our Fig. 3 (CHAMP) zonal plasma drift around

i (nA/m?)

Z
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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 east-time of San Marco-D data (16:00LT) is consistent with the
ward at 15:00-16:00LT. Compared Eejer et al.(2005 CHAMP estimates rather than with the ROCSAT-1 observa-
the reversals in CHAMP data appear about an hour earlytions. vy reversal time in Fig. 3 (CHAMP) depends little on
In the case of ROCSAT-1 (see our Fig. 5) the reversal timeseasons. Conversely, ROCSAT-1 measurements in our Fig. 5
at 280 E GLON are 16:00-17:00LT, 17:00-18:00LT, and and inSu et al(2009 Fig. 4) show that they reversal time is
15:00-16:00 LT during the respective seasons. According tanuch later during June solstice than in the other seasons. As
Su et al.(2009 mean reversal times in the Jicamarca sectora consequence, the intercept of the regression line in Fig. 6
are 16:40LT and 15:20LT for June and December solsticds largest during June solstice (about 40hHswhich corre-
months, respectively, which is consistent with our Fig. 5. sponds to the delayed reversal of ROCSAly With respect
Concerning the LT oby reversal, ROCSAT-1 measurements to CHAMP vy. We note that the reversal time Maynard et
are in better agreement wikrejer et al(2005 than CHAMP  al. (1995 Fig. 4) andFejer et al.(2005 Fig. 2) exhibits no
estimates are. conspicuous delay during June solstice, which agrees with
According to the San Marco D observations at 350-our Fig. 3 (CHAMP) rather than with our Fig. 5 (ROCSAT-
700km apex altitudesMaynard et al. 1995 Fig. 4), vy 1). Daytime westward drift shown iMaynard et al(1995
changes sign near 16:00LT in equinox and solstice. Notd-ig. 4) maximizes at 13:00 LT for both equinox and solstice.
that these observations are not limited to the Jicamarca lok is in better agreement with ROCSAT-1 observations (our
cation. In our Figs. 3 and 4, the reversal times of CHAMP  Fig. 5) than with CHAMP estimates (our Fig. 3).
are slightly before 16:00 LT on average. In our Fig. 5 and As discussed in the preceding paragraphsneasured by
Fig. 4 of Su et al.(2009 the reversal times of ROCSAT- ROCSAT-1 and that estimated by CHAMP exhibit some dis-
1 vy are near 17:00LT on average. Hence, thereversal  crepancies in the local times of reversal and of maximum

www.ann-geophys.net/31/1035/2013/ Ann. Geophys., 31, 108344 2013
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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 stud{e.g.Heelis 2004 Eg. 11). This electric field maps up from
ies generally support the ROCSAT-1 observations, but notow latitudes to CHAMP and ROCSAT-1 altitudes and causes
always (e.g.Maynard et al. 1995 Fig. 4). Hence, there the zonal plasma flow. The zonal wind in the F region blows
seem to be multiple factors that compromise the agreemerin the same direction as the plasma drift (westward during
of vy between CHAMP and ROCSAT-1. First, assumptions daytime and eastward in the evening and at night), thus ex-
used forvy estimation from CHAMP data can contribute to periencing a much reduced ion drag. In our Figs. 2-3 the
the discrepancies. Especially, the empirical equation of ion-neutral wind is generally faster (in magnitude) than the ion
neutral collision frequencyv(, = 3.67 x 10 nn/T, (1 — drift, which agrees withColey et al.(1994 Fig. 2). In our
0.064 IogLoTr)z) may need additional correction terms de- Fig. 4 we show the large and oppositely directed contribu-
pending on LT, GLON, and season. Second, CHAMP obsertion of the zonal neutral wind ang, (vertical polarization E
vations may also have some uncertainties, e.g. zonal wind urfield) to F region vertical currents, which has not been appre-
certainty of about 20 nT8' as mentioned biiu et al.(2006. ciated appropriately in some of the earlier studies (elgr
Also, vy measured by ROCSAT-1 may have non-negligible and Maus2006 Park et al.2010. Our observations demon-
uncertainties as the velocity component is deduced primarstrate not only that the E region is a high-conductivity load
ily from the along-track drift measurements. For this com- for the F region wind dynamo currents, but also that the E
ponent an uncertainty a£37.8~7545ms ! is quoted in  field generated by E region zonal wind affects the net F re-
http://cdaweb.gsfc.nasa.gov/misc/NotesR.html gion vertical current significantly via the polarization electric
We discuss the relative contributions from the ionosphericfield.
E and F regions to the vertical currents in the equatorial F We have shown that zonal plasma drift in the equato-
region. The daytimey at F region altitudes is driven primar- rial F region can be estimated reasonably well without any
ily by the meridional electric field generated in the E layer ion drift meter, if electron/neutral/magnetic observations in
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the F region are available. The reliability of the estimation 4. Zonal wind and plasma drift (or, equivalently, vertical
will be improved when we have further information on ion polarization E field) contribute to the vertical F region
temperature and composition (see Eq. 3), which were un-  current in opposite directions: e.g. an eastward wind
available for this study. The upcoming constellation mission drives upward currents, while an eastward plasma drift
of the European Space Agency, “Swarm”, consists of three (or, equivalently, downward polarization E-field) causes

identical CHAMP-like satellites. The Swarm satellites can downward current. In general the former effeet{ B
measure all the ionospheric parameters obtained by CHAMP  wind dynamo) is lager in magnitude than the latter (Ped-
as well as ion temperature, composition, and drift velocity. ersen current), determining the direction of the net ver-

The ion temperature and composition can give further con- tical current in the equatorial F region.

straints to Eq. (3), and the estimated can be compared

directly to vy measured by Swarm. Moreover, one of the

Swarm satellites will be at higher altitudes than the oth- o

ers. This formation may help to clarify whether some of AcknowledgementsThe CHAMP mission was sponsored by the
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