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[1] The Equatorial Electrojet (EEJ) produces a strong
magnetic signal in measurements of the low-orbiting
CHAMP satellite. Six years of data with more than
30,000 dayside equator crossings provide a unique data
basis to study this current system. In addition to scalar
measurements used in previous studies, we have also
inverted vector magnetic field measurements to gain
accurate meridional profiles of the eastward current in the
equatorial region. By solving the relevant differential
equation, the CHAMP-derived current profiles can be
inverted for the driving zonal electric fields and zonal
winds. As a result of this feasibility study, we suggest an
inversion of the complete set of individual CHAMP EEJ
current profiles, which will provide valuable new
information on dayside electric fields and thermospheric
winds at low latitudes. Citation: Maus, S., P. Alken, and
H. Liihr (2007), Electric fields and zonal winds in the equatorial
ionosphere inferred from CHAMP satellite magnetic
measurements, Geophys. Res. Lett., 34, 123102, doi:10.1029/
2007GL030859.

1. Introduction

[2] The equatorial electrojet (EEJ) is an intense eastward
electric current following the magnetic dip equator in the
lower ionosphere [Forbes, 1981; Onwumechili, 1997]. Sat-
ellite studies of the EEJ have been reported for POGO by
Cain and Sweeney [1973], for Magsat by Langel et al.
[1993] and Orsted by Jadhav et al. [2002] and Ivers et al.
[2003]. Exciting new measurements for EEJ studies have
become available since July 2000 with the launch of the
CHAMP satellite which is measuring the magnetic field in a
low-altitude, polar orbit, covering all local times every
130 days. CHAMP magnetic data can be inverted to derive
meridional profiles of the height-integrated, eastward cur-
rent density in the equatorial region [Liihr et al., 2004]. This
inversion takes into account the satellite altitude and various
geometrical effects that affect the magnetic signal produced
by the EEJ. These CHAMP current profiles showed for the
first time that the EEJ peaks exactly at the magnetic dip
equator at all local times and longitudes. Following up on
studies by Anderson et al. [2002], Alken and Maus [2007]
found a high correlation between the eastward electric
field inferred from CHAMP current observations and
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vertical drifts measured by the JULIA radar [Hysell et al.,
1997], further establishing the EEJ as a useful proxy for
the dayside eastward electric field. Alken and Maus [2007]
also produced a climatological model for the peak strength
and day-to-day variability of the EEJ as a function of local
time, longitude, season and solar activity (http://geomag.
org/models/EEJ.html).

[3] Inversions of CHAMP magnetic data have added a
new dimension to EEJ studies by providing a complete
meridional profile of the zonal current in a 20° band along
the dip equator, rather than just a single EEJ current
estimate. Except during sunrise, when the EEJ is usually
reversed, the profiles typically show an eastward current at
the dip equator, flanked by westward “return” currents,
peaking at +5° north and south of the dip equator. The
overall shape of these meridional current profiles is well
determined by the satellite observations. However, there is
an inherent uncertainty in the zero-level of the eastward
current. This uncertainty comes in two flavors: The first is
due to the technical difficulty of separating the EEJ mag-
netic signal from the background magnetic field caused by
the Sq current system and the magnetospheric ring current.
As pointed out by Liihr and Maus [2006], this first
uncertainty can be overcome by using the magnetic field
vector components in addition to the field intensity. A
second uncertainty arises from the fact that a wide eastward
current sheet with little meridional variability produces a
magnetic field signal that is hardly discernible from the
background magnetic field. Therefore, our satellite derived
meridional current profiles have to be considered as addi-
tional currents, relative to an unknown zero-current level.
Indeed, as shown by Fambitakoye et al. [1976] and
reviewed by Forbes [1981, p. 492], the combined effect
of an eastward electric field and a westward wind produces
a current profile similar in shape to the ones derived from
CHAMP, but shifted upward, so that even in the side lobes
the total current is oriented eastward.

[4] Building on earlier investigations [Sugiura and
Poros, 1969; Richmond, 1973], we invert satellite-derived
meridional profiles of the eastward current for E-layer zonal
electric fields and for zonal winds. The procedure is
demonstrated on mean current profiles in four different
local time sectors. The results indicate that an inversion of
the complete set of individual current profiles, while com-
putationally more expensive, would yield valuable informa-
tion on zonal electric field and wind variations.

2. Observations

[s] The CHAMP satellite was launched in July 2000 into
a near-polar orbit at 460 km altitude [Reigber et al., 2002].
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