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[1] The satellite CHAMP in its low-altitude polar orbit,
and with its high-resolution magnetic field measurements,
provides the opportunity to investigate ionospheric currents
in great detail. In this study we focus on average features of
equatorial current systems during day time. Considering
quiet time observations from the period Aug. 2000 to Oct.
2004 we determined the mean spatial structure of the EEJ
current. The existence of reverse currents at the flanks of the
primary eastward current is confirmed. More importantly,
average characteristics of the F region dynamo driven
currents are observed for the first time throughout the
daytime. The meridional current system, driven by
westward thermospheric winds, peaks around noon.
Similar meridional currents, but flowing in the opposite
sense, are observed at the dusk sector. At CHAMP altitudes
we find over the dip equator in the F region a vertical
sheet current of about 6 mA/m oriented downward at noon
and an upward current of 4 mA/m around sunset.
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1. Introduction

[2] Electrodynamic processes in the equatorial iono-
sphere are characterized by the special geometry of the
geomagnetic field in this region. Quite different effects are
observed at E and F region altitudes. The equatorial
electrojet (EEJ) is a ribbon of intense electric currents in
the ionospheric E region following the dip equator. Al-
though the horizontal eastward current is the most promi-
nent part there are other EEJ associated currents such as the
reverse and the meridional currents. Reverse currents flow-
ing at the flanks of the EEJ were deduced from ground
observations [e.g., Fambitakoye and Mayaud, 1976] and
also identified in satellite measurements [Lühr et al., 2004].
The existence of meridional currents was predicted by
Untiedt [1967]. His model was later improved by Sugiura
and Poros [1969]. They predicted upward currents above
the dip equator and a divergence of these currents into both
hemispheres along magnetic field lines. Currents return to
the equator at the E region base. Such current loops caused
by the height-dependence of the Hall/Pedersen conductivity
ratio are expected to be strongest at altitudes of 120 to
130 km in the noon time sector. These meridional currents

cannot be observed from ground. Their determination
requires measurements inside the loop. Musmann and Seiler
[1978] were able to confirm the existence of meridional
currents by means of rocket measurements. They observed
in some cases peak deflections of the eastward magnetic
field component surpassing 400 nT at an altitude of 125 km
and a latitude about 3.5� south of the dip equator. This EEJ-
related meridional current system is not expected to reach
into the F region.
[3] Magsat was the first spacecraft to detect vertically

upward flowing currents around altitudes of 400 km above
the dip equator in the 17 to 18 local time (LT) sector [e.g.,
Maeda et al., 1982]. Their typical signature is a bipolar
variation in the magnetic field eastward, By, component.
South of the dip equator one observes a positive and in the
north a negative deflection. Peak amplitudes of about
±10 nT were reached some 8� off the dip equator. Langel
et al. [1993] interpreted these magnetic features as part of
the evening sector EEJ. Alternatively, Takeda and Maeda
[1983] presented a model, which reproduces the Magsat
observations at dusk reasonably well. It considers thermo-
spheric zonal winds as the driver for an F region dynamo.
Following the idea of Rishbeth [1971] the electric fields
generated by the wind at F region heights are mapped down
along field lines to the E region. Eastward winds support
currents flowing upward over the dip equator, diverting at a
certain height along field lines into both hemispheres and
closing the meridional loops by equatorward currents at
lower altitudes. This scenario is consistent with eastward
wind observations during evening hours. For westward
winds at F region altitudes, prevailing during earlier times
of the day [Wu et al., 1994], loops with an opposite sense of
current are expected. So far there has been no observational
verification of these day time meridional F region currents.
[4] Among the main open issues with respect to the EEJ

is the diurnal variation of the reverse currents and of the E
region meridional current loops. Measuring the latter cur-
rents is a demanding task. It requires space-borne high-
resolution magnetic field vector measurements at an altitude
of about 120 km. With respect to the F region dynamo
currents, only little is known about its average intensity,
diurnal variation and altitude distribution. Due to the
poloidal nature of the currents it is necessary to sample
the field inside the loop, which means at heights of 500 km
and below [Takeda and Maeda, 1983]. The life time of
satellite at such a low altitude is generally quite short (e.g.,
Magsat, 6 months). So far we have only Magsat observa-
tions from the evening sector.
[5] We believe that the CHAMP mission can help to

answer some of the pending questions. CHAMP was
launched on 15 July 2000 into a near-polar (87.3� inclina-
tion) near-circular obit at 456 km altitude. During the first
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4 years the orbit decayed to 380 km. Reentry of the satellite
is expected during 2009. Here we consider magnetic field
vector data of the first 4 years of the mission to study
average features of ionospheric current systems. In an
earlier paper Lühr et al. [2004] deduced the characteristics
of the horizontal electrojet currents around noon from
CHAMP scalar magnetic field data. Now looking at vector
data from all local times we will (1) validate the earlier EEJ
results and (2) investigate the F region meridional current
systems.

2. Data Processing Approach

[6] The data used in this study are the magnetic vector
components as measured by the Fluxgate magnetometer on
CHAMP. This instrument samples all three components of
the field at 50 Hz with a resolution of 0.1 nT over a range of
±65,000 nT. To ensure a high accuracy, the Fluxgate data
are routinely calibrated against the absolute scalar Over-
hauser readings. The measured vector field components are
then transformed into the local Cartesian North-East-Down
(NEC) system. The angles needed for the transformation
from the sensor to the NEC system are provided by a set of
star cameras which determine the spacecraft attitude with a
resolution of arcseconds.
[7] The quantity of interest for this study is the magnetic

field generated by the currents associated with the EEJ and
the F region dynamo. For a removal of the geomagnetic
field we used the POMME-2.4 model [Maus et al., 2005]. It
comprises a spherical harmonic expansion up to degree and
order 90 for the static part, to degree 16 for the secular
variation and 12 for secular acceleration. A steady magne-
tospheric field is removed, and the ring current effect,
parameterized by DST, is subtracted. Induction effects
caused by these time-varying fields are also considered.
Finally, the diamagnetic effect of dense plasmas is corrected
according to the approach proposed by Lühr et al. [2003].
The electron density and temperature needed for this cor-
rection are taken from the Planar Langmuir Probe (PLP) on
CHAMP.
[8] The data interval used in this study lasts from August

2000 to October 2004. Only quiet periods with Kp � 2 have
been considered. Since we are interested here in average
features of ionospheric currents, data have been averaged
over longitude and season at specific local times. The
readings are then binned in 1 h local time by 2� corrected
geomagnetic (cgm) latitude cells.
[9] Even though most of the background field contribu-

tions have been removed there are some systematic varia-
tions in the averages, which are predominately caused by
large-scale ionospheric currents, such as the Sq system. To
remove their influence we have fitted degree 5 polynomials
to the latitude profiles of the three component residuals. For
this procedure the vicinity of the dip equator (±14� lat) was
not considered in the fitting. The obtained polynomials
where then subtracted from the data. The magnetic deflec-
tions presented thus do not represent the total ionospheric
current intensity at the equator but only that part related to
local current systems at equatorial latitudes.
[10] In this study we interpret magnetic signatures

obtained at a mean altitudes of about 425 ± 40 km to
characterize ionospheric currents. Here we focus on the

average diurnal variation. For that reason, the data are not
separated by season or longitude. Within the time span of
the considered 4 years period, CHAMP visited all located
times 11 times. This ensures a good decoupling between
seasonal and local time effects. Each bin contains data
from about 1000 passes, which is regarded sufficient to
provide an average picture of the highly variable current
strength.

3. Average EEJ Properties

[11] Latitude profiles of the three magnetic field compo-
nents are shown in Figure 1, separately for each hour of
local time from 6.5 to 19.5 LT. As expected, the Bx

component reflects most clearly the EEJ current distribu-
tion. The negative deflection is large around noon-time and
peaks right at the dip equator. This feature is consistent
with the result of earlier EEJ studies from satellites [e.g.,
Onwumechili and Agu, 1980; Lühr et al., 2004; Le Mouël et
al., 2006]. Variations of By, as shown in Figure 2, are
generally small (note the change in scale). Smaller scale
variations during the sun light hours, 7.5–16.5 LT, are an
indication of wave features which have not averaged out.
Prominent features in this component are bipolar variations
occurring around noon and in the evening. Theses deflec-
tions are attributed to an F region meridional current
system. Around noon we find a negative-to-positive signa-
ture while during the evening hours it has the opposite
sense. Extremes are reached at latitudes about 5� off the dip
equator. The noon time variations are consistent with
downward currents over the dip equator being fed by
convergent field-aligned currents (FACs) from both hemi-
spheres. Currents with opposite directions are deduced from
the passes during the evening hours, flowing upward at the
equator and diverging at a certain height as FACs into both
hemispheres. This evening current system resembles that
deduced from Magsat data [Takeda and Maeda, 1983]. The
latitudinal separation of the extrema in the By component
increases in the evening sector towards later hours. This
means, the upward flowing currents cover a broader latitude
range close to the evening terminator.
[12] The Bz component changes sign quite rapidly at the

dip equator (Figure 1). The steep plus-minus polarity
change from south to north is consistent with the notion
of a narrow strip of eastward current. Local extrema appear
at ±3.5� dip latitude. The latitudes of the Bz extrema
coincide quite closely with the boundaries of the eastward
electrojet, which are marked by the transition from forward
to reverse current density, as found by Lühr et al. [2004,
Figure 3]. Towards later evening hours the local extrema
disappear and the bipolar variations expand to latitudes
further away from the dip equator.
[13] In Table 1 the peak-to-peak amplitudes of the three

components are listed for every hour. In the case of Bz only
the ratio of the ranges, Bxm/Bzm, is given. The listed
amplitude of the Bx deflection reflects the expected diurnal
variation of the EEJ intensity. By amplitudes are comparably
small but significant. The two groups of activity are
centered at noon and dusk. Interestingly, the variations
around noon are markedly larger than those during the
evening hours. The ratio Bxm/Bzm starts with 1 and then
gets progressively smaller towards later hours. An interpre-
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