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[1] The climatological model of the equatorial electrojet, EEIM-1, derived from
Orsted, CHAMP and SAC-C satellite measurements provides the opportunity to
investigate the longitudinal variation of the current strength in detail. Special emphasis is
put in this study on the effect of nonmigrating tides. We have found that the influence of
the diurnal eastward-propagating mode with wavenumber-3, DE3, is particularly strong.
In polar orbiting satellite observations the DE3 tidal signal appears as a four-peaked
longitudinal structure. We have put special emphasis in our analysis to isolate the DE3
contribution from other sources contributing to the wavenumber-4 structure in satellite
data. The amplitude of the DE3 signature in the EEJ not only peaks during equinox
seasons, but is also strong around the June solstice. When looking at the modulation

of the EEJ intensity the DE3 accounts for about 25% during the months of April
through September. It is thus the dominant cause for longitudinal variations. During
December solstice months the influence of DE3 is negligible. A secondary three-peaked
longitudinal pattern emerges during solstice seasons when the DE3 influence is removed.
From the data available it is, however, not clear whether this pattern is related to any tidal

drivers.
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1. Introduction

[2] The equatorial electrojet (EEJ) is a prominent current
system on the dayside at dip-equator latitudes. This current
has attracted significant attention since its discovery [e.g.,
Chapman, 1951; Forbush and Casaverde, 1961; Forbes,
1981; Onwumechili, 1997]. In spite of intensive research,
one of the open issues has been the actual longitudinal
variation of the EEJ intensity. From ground observations
alone it is quite difficult to deduce the full longitudinal
structure because of the fact that large parts of the dip-
equator lie over the oceans. The first global picture of the
EEJ was deduced from the POGO satellite observations
[e.g., Onwumechili and Agu, 1981]. Later Langel et al.
[1993] presented an EEJ profile from Magsat data. These
latter observations were, however, limited to the 17-18
local time sector and the northern winter and spring seasons.
The situation improved considerably after the launch of the
three magnetic field mapping satellites, Orsted, CHAMP
and SAC-C, around the start of the new millennium.
Longitudinal profiles derived from Orsted observations
have been presented by Jadhav et al. [2002] and Ivers et
al. [2003]. Likewise, CHAMP data have been used by Liihr
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et al. [2004] and Le Mouél et al. [2006]. There are some
common features in all these curves, e.g., intensity peaks
over South America and Indonesia, but otherwise they differ
considerably. The situation has improved only recently.
Alken and Maus [2007] performed a systematic study of
the EEJ characteristics using all the data from the Orsted,
CHAMP and SAC-C satellites obtained during the years
1999-2006. On the basis of more than 95,000 EEJ samples
they were able to construct a climatological model of the
electrojet. From this model the longitudinal variations of the
EEJ for various seasons, local times and solar flux intensi-
ties can be deduced.

[3] In a recent study England et al. [2006] pointed out
that the noontime EEJ shows a four-peaked longitudinal
structure during equinox seasons. The authors attributed this
structure to a large-scale variation of the E-layer dynamo
driven by tidal winds. It is increasingly evident that this
kind of modulation is caused by nonmigrating tides origi-
nating in the tropical troposphere. For example, Forbes et
al. [2006] analysed temperature measurements taken by the
SABER instrument on board the TIMED satellite. They
found an apparent wave-4 structure in longitude which is
strong in the mesosphere, lower thermosphere (MLT)
region. Similarly, Oberheide et al. [2006] reported a
wave-4 structure in wind observations from TIDI on
TIMED. The signature is most prominent in the zonal
wind at MLT heights. From the eastward propagation of
the wave fronts in a local time frame both groups concluded
that this wave type can be related to the eastward propa-
gating diurnal tide with zonal wavenumber-3 (DE3). This
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statement is supported by results of the Global Scale Wave
Model (GSWM) which predicts that the DE3 is primarily excited
by latent heat release in the tropical troposphere and that this
tidal mode is strong during large parts of the year [Hagan and
Forbes, 2002]. Now also the seasonal variation of the DE3
signal in the MLT region has been observed. By analysing
data from TIMED, Oberheide and Forbes [2008] found that
this tidal component is strong in the temperature and zonal
wind variations during the months April through November,
with a maximum in August and minimum in February.

[4] Winds in the lower thermosphere drive currents
through coupling with ions. We thus can expect an in-phase
modulation of the ionospheric electric field with the tidal
wave. Indeed, evidence of such a four-peaked longitudinal
structure in the daytime ionospheric electric field has
recently been presented. On the basis of vertical ion drift
measurements Hartman and Heelis [2007] derived from
DMSP data, taken at an altitude of 830 km and within the
9:30 local time (LT) sector, a wave-4 structure which peaks
at the dip-equator during September. Independently, Kil et
al. [2007] deduced similar results from ROCSAT-1 meas-
urements at 600 km altitude.

[5] It is quite difficult to make systematic electric field
measurements directly in the E-layer were the wind dynamo
is most efficient during daytime. An indirect way of probing
the electric field near dip-equator latitudes is measuring the
intensity of the EEJ. The questions we want to address here:
Which part of the EEJ signature (E-region electric field) can
be attributed to DE3 tidal forcing? How does the DE3
influence changes with season?

[6] To answer these questions we make use of the
predictions of EEJ peak current densities derived from the
EEJM-1 climatological model of Alken and Maus [2007].
The interpretation will be based on the longitude versus
local time distribution of the EEJ intensity.

[7] In the next section the properties of the DE3 signature
will be introduced, and it is explained how this signature
looks like in low-Earth orbiting (LEO) satellite observa-
tions. Subsequently, we describe our approach to distinguish
the DE3 influence from other drivers of EEJ currents. The
obtained results are discussed in the context of earlier
studies of the DE3 tidal signal and other surveys of the
EEJ longitudinal variation.

2. The DE3 Signature in Satellite Data

[8] In the recent literature an increasing number of
publications report on four-peaked longitudinal structures
in satellite observations. Often these signatures are related to
a DE3 influence, but not always compelling evidence is
provided for such a statement. Generally, a wave-4 signa-
ture in quasi sun-synchronous satellite data can be caused,
for example, by a diurnal westward propagating DWS5 tide,
a stationary structure of wave-4, or a DE3 tide. However,
the semidiurnal tide can also contribute to wave-4 with its
components SW6 and SE2, as has been mentioned, e.g., by
Forbes et al. [2006, equation (5)]. To distinguish between
these different contributions one has to look into the phase
change with local time. Figure 1 shows schematically the
kinds of phase shifts expected for the three types of diurnal
signals. For example, the DE3 wave fronts show an appar-
ent eastward shift in satellite records by 90° within 24 hours
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Figure 1. Ambiguity of wave-4 signature. A four-peaked

longitudinal variation in satellite data can be caused by
various sources: e.g., by the diurnal westward propagating
tide, DWS5 or eastward tide, DE3, or four-peaked stationary
structure. They can be distinguished by their local time
evolution.

in local time. When observed from ground they move
eastward by 120° per day. It is the Doppler effect that
causes the reduced speed in the satellite frame. Conversely,
the DWS5 is faster in the satellite frame, 90° westward per
24 hours compared to 72°, as seen from ground.

[9] The wave-4 signature observed by a LEO satellite,
which moves slowly in local time, can be expressed for the
diurnal terms as

7r
Agcos(AX+ ) = a3 cos{4/\ 1 (LT — t3)}
7r
+ay cos{4/\ — Em}
b
+a5cos{4/\+ﬁ(LTft5)}, (1)

where A4 is the amplitude of the total fourth harmonic, A\ is
the longitude, ¢ a local time-dependent phase shift, a3, aq,
as are the amplitudes of the signals driven by the different
tidal components and 73, #4, ?5 are the times when the
maxima of the tidal signals cross the 0°, 90°, 180° or 270°
meridians. In cases where the signal is available from all
longitudes and local times, equation (1) can be solved
analytically for the six unknowns, as, a4, as and £, 1y, ts.
Examples of such signals are the temperature and winds in
the MLT [e.g., Forbes et al., 2006; Oberheide et al., 2006].
Such an analysis revealed the dominant role of DE3 in
comparison to the other tidal components.

3. Determining the DE3 Signal in the EEJ

[10] The equatorial electrojet is a current system that is
confined to the dayside. Primarily, this is due to the
vanishing E-region conductivity during the dark hours.
Therefore equation (1) cannot be solved directly. Instead
we have used a numerical fitting procedure for quantifying
the amplitudes and phases of the tidal modes.

[11] As an example of the diurnal EEJ evolution Figure 2
shows the peak current density distribution in a longitude
versus local time frame for March equinox conditions.
These values are derived from the EEJM-1 model of Alken
and Maus [2007] for day of year (DoY) 80 and solar flux
level, F10.7 = 150. It is quite evident that the current peaks
around noon. Furthermore, there is a prominent four-peaked
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