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[11 The current density of the noontime equatorial electrojet (EEJ) as determined from
CHAMP data is highly variable between successive passes of the satellite, which are
separated by 23° in distance and 93 min in time. An open question is to which extent this
variability is caused by temporal or spatial variations in the ionosphere. Another important
question is the connection between EEJ and global solar-quiet (S,) current systems. We try
to answer these questions by comparing the EEJ current density estimated from high-
quality scalar magnetic field measurements of the CHAMP satellite with the magnetic
horizontal intensity variations at six equatorial observatory pairs distributed across the
globe. Data taken during the period 2000—2002 were used for the present study. We apply
corrections for the effect of local time (LT) and S, fields. By estimating the correlation
coefficients between the ground and satellite data as a function of distances between
measurements, new insights into the spatial structure of the EEJ have been obtained. The
high correlation, when CHAMP passes directly over an observatory, decays quickly in
eastern and western directions. Typically, within +15° of longitudinal separation between
satellite and observatory, the correlation falls well below the statistical significance level.

This observation holds for all longitude sectors. Interestingly, the correlation between
CHAMP-inferred EEJ strength and observatory differences breaks down for the
observatory pairs, outside of a +4° latitudinal band. This implies that the EEJ and S,
variations are uncorrelated for periods up to 1 hour. Additionally, it was found that
monitoring of the EEJ can be performed best if the reference observatory is 4° to 5° apart

from the dip equator.
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1. Introduction

[2] The equatorial electrojet (EEJ) is a narrow feature of
intense electric current in the ionosphere which is confined
to a latitude band of £3° about the dip equator. Many studies
have been devoted to the investigation of the EEJ with
magnetometer array [Rigoti et al., 1999; Doumouya et al.,
1998], rocket measurements [Prakash et al., 1971], radar
[Crochet, 1977], and satellite measurements [Onwumechili
and Agu, 1980; Langel et al., 1993; Jadhav et al., 2002;
Liihr et al., 2004]. For more information on EEJ, see reviews
by Forbes [1981], Rastogi [1989], and Onwumechili [1997].
Quite different aspects of the EEJ are highlighted
by ground-based and satellite-based magnetic observations.
While, from the ground, a continuous record of the current-
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induced magnetic field is obtained, polar orbiting satellites
take just a snapshot of the latitudinal current distribution
while passing over the equatorial region. Both data sets
have their merits and limitations. The temporal variations
recorded by a ground station do not offer any information
on the spatial extent of the current system. Satellite mea-
surements on the other hand give no information on the
temporal variation of the EEJ due to the ambiguity between
temporal and spatial structure. By combining both data sets,
a complete spatiotemporal characterization of the EEJ can
be obtained.

[3] So far, studies with simultaneous satellite and ground
data have concentrated on local observations of the EEJ
behavior. From these, it is not possible to derive the
longitudinal structure of the current variations. One of
the results derived from CHAMP satellite observations of
the noontime EEJ is that the current density is highly
variable. Crossings of the electrojet on successive orbits
often revealed differences in the current density by a factor
of 2 or more [Liihr et al., 2004]. From orbit to orbit, the
local time of the footprint stays virtually unchanged, but
the satellite advances by about 23° westward in longitude.
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The open question is, What is the reason for the large
changes in current strength? Is it the temporal variation
within 93 min duration of the orbital period or the spatial
variation over 23° in longitude?

[4] Another open issue, which has been pending for
several decades, is the question about the connection
between the EEJ and the S, current systems [Fambitakoye
and Mayaud, 1976]. While Raghavarao and Anandarao
[1987], Mann and Schlapp [1988], and Okeke et al. [1998]
argue that the S, and EEJ current systems are independent,
findings by Schlapp [1968], Forbes [1981], and Hesse
[1982] support a coupling between the S, and EEJ current
systems. If these two current systems are closely coupled,
they should show similar temporal variations.

[5] In this paper we try to provide answers to these
questions. The approach is to combine measurements of
the CHAMP satellite with data from ground-based magnetic
observatories. For the retrieval of the EEJ signal from the
ground magnetic field measurements, the difference is
calculated between readings of a station close to the EEJ
and another about 15° in latitude apart. We consider data
from six station pairs, which are reasonably well distributed
over the globe.

[6] The EEJ intensities derived from ground stations are
compared with simultaneous current density estimates from
close passes of the CHAMP satellite. These two indepen-
dent estimates of EEJ strength are used in a correlation
analysis to find out the spatial scale lengths over which the
EEJ is coherent. The CHAMP data set considered here is for
the years 2000 through 2003. The results thus reflect solar
maximum conditions.

[7] In the following sections, we first describe the data
processing of the satellite as well as ground data. Subse-
quently, we present the results of our correlation analysis for
different sectors around the globe. Finally, we discuss the
implications of the findings with reference to previous
publications in this field.

1.1. Previous Studies on Longitudinal Extent
of Equatorial Electrojet

[8] There are very few reported attempts to estimate the
longitudinal extent of the noontime equatorial electrojet.
POGO satellite data were used by many authors to study the
EEJ as well as to obtain its correlation with ground data
[Yacob, 1977; Agu and Onwumechili, 1981]. However, the
studies were limited to finding the correlation coefficient
and slope of the scatter for a large longitudinal window
(20°, in most cases) above an observatory. The quality of
data from POGO was not suitable to answer the questions
we try to address here. MAGSAT crossed the EEJ only
during dawn and dusk [Langel et al., 1993]. Orsted flies at
an altitude of around 800 km and makes noontime crossings
of the EEJ. Jadhav et al. [2002] calculated the cross-
correlation matrix between the pairs of the daily estimates
of EEJ strengths from the Orsted data in 18 longitudinal
bins each with 20° width. They find that the correlations of
daily EEJ estimates are not systematic across the globe, with
even the neighboring bins exhibiting poor correlation.
Compared to Orsted, CHAMP flies at lower altitude
(~400 km) and has higher-resolution instrumentation,
together making CHAMP more suitable to study the details
of the EEJ.

MANOIJ ET AL.: EQUATORIAL ELECTROJET

A11312

[9] Occasionally, the normal eastward directed electrojet
appears to reverse into a westward counter electrojet (CEJ).
Counter eclectrojets are observed as depressions in the
horizontal intensity in the diurnal variations measured in
the equatorial regions and are assumed to be caused by a
reversal of the EEJ current in the ionosphere. Kane and
Trivedi [1981] and Rangarajan and Rastogi [1993] describe
the morphology of CEJ as measured at observatories spaced
~35° apart. They find that CEJ events observed at one
observatory are not always observed in the other observa-
tories on the same day, concluding that the CEJ is a local
phenomenon confined to within 35° longitude. However,
they did not find any major difference in EEJ events
between the observatories. Since CEJ events occur mostly
in the morning and evening time and chances of their
occurrence close to local noon time are rare [Rastogi,
1974, Figure 2], we do not expect any significant change
in our correlative study due to CEJ. In addition, Mann and
Schilapp [1988] did not find a significant influence of the
CEJ on the correlation between the daily ranges of hori-
zontal intensities between observatory pairs.

2. Observatory Data

[10] Geomagnetic hourly means of the horizontal inten-
sities from 13 observatories were used in this study. Figure 1
shows the geographic distribution of the observatories. The
observatories were grouped into six pairs, with one of the
observatories in the immediate proximity to the dip equator
(HUA, AAE, TIR, ETT, MBO, and GUA) and the other
outside of the EEJ footprint area (FUQ, QSB, ABG, HYB,
GUI, and CBI). The observatories within a pair have similar
geomagnetic longitudes. The average latitudinal separation
of the observatory pairs is 14.7°, with the HYB-ETT pair
having the smallest separation of 8.42° and the QSB-AAE
pair having the largest, with 24.85° (see Table 1). The
longitudinal separation between observatory pairs is small,
with a maximum of 4° for GUA-CBI. Whereas the Indian,
African, and American sectors have reasonable numbers of
observatory pairs, the Pacific region is only sparsely cov-
ered. An additional observatory (PND), in the Indian sector
was used to verify the relation between EEJ and S, fields.

[11] For most of the observatories, data were available
up to December 2002. The data availability for each
observatory in the time period 2000—2002 is shown in
Figure 2. For the observatories TIR, AAE, and QSB, the
available data were limited to 2 years. To limit the analysis
to quiet days, both satellite and observatory data were
screened for a magnetic activity index of Kp < 2. Roughly
53% of the total observatory data set was thus available
for the study.

[12] Each observatory pair consists of one observatory
close to the EEJ footprint and a second one outside of this
area but both within the same longitude sector. The equa-
torial electrojet strength for an observatory pair is computed
from the horizontal intensity, H, as AHgz; — AHyonges
[see, e.g., Yacob, 1977; Alex and Mukherjee, 2001; Anderson
et al., 2002], where AH is the variation of H from the mean
midnight level for that observatory. Ideally, this differencing
removes the core and large-scale magnetospheric fields
from the data, and on magnetically quiet days AH describes
the daily variation of S, and EEJ plus their induced
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Figure 1.

components. As an example, the average daily variation of
the electrojet strength observed at ETT with respect to HYB
for the period January 2000 to December 2002 is given in
Figure 3. The EEJ strength reaches a maximum of 53 nT,
just before noon at about 1100 LT. The rising flank of the
EEJ signal in the morning hours (0700—1000 LT) is steeper
than the afternoon decay (1300—1700 LT). Time series of
hourly means of the EEJ strength were prepared for all the
observatory pairs in a similar fashion.

3. Satellite Data

[13] We use the high-quality total intensity (scalar) mag-
netic field data measurements by the polar orbiting satellite
CHAMP, for the time period 1 August 2000 though 1 April
2003 to determine the EEJ current distribution. Since the
observatory data were limited to the period 2000 through
2002, the effective overlap period of the ground and satellite
data sets is 1 August 2000 to 31 December 2002. We select
for the analysis data from the local noon sector 10—
13 hours, on magnetically quiet days (Kp < 2). In total,
1653 crossings of the equator are considered. The measured

Distribution of the geomagnetic observatories used for the study. The blue line indicates the
geomagnetic dip equator.

magnetic field contains contributions from various sources.
To study the signals related to the EEJ, all other contribu-
tions were removed carefully with the help of recent field
models. For the geomagnetic main field, Pomme 1.4 [Maus
et al., 2005] was subtracted. The lithospheric/crustal field
was removed by using MF2 [Maus et al., 2002]. The
diamagetic effect, caused by the ambient plasma [Liihr et
al., 2003], was also corrected for. Finally, the S, variations
and the remaining large-scale magnetospheric current
effects were removed by fitting a degree-2 spherical har-
monic polynomial. For a detailed description on the data
processing, see Liihr et al. [2004]. The average magnetic
signature of the EEJ, as described by Liihr et al. [2004],
shows a negative deflection at the dip equator of about
20 nT, flanked on both sides by positive shoulders indicat-
ing return currents. The current density distribution of the
EEJ was modelled by a series of EW oriented line currents,
separated by 0.5° in latitude and located at an altitude of
108 km. The induction effect is modelled assuming a
conductosphere below a depth of 200 km.

[14] The average current density profile obtained by
inverting the CHAMP electrojet signature is given in

Table 1. Geographic and Geomagnetic Locations of the Observatories Used

Geographic Geographic Geomagnetic Geomagnetic
Station Code Latitude Longitude Latitude Longitude Dip Latitude
1 Alibag ABG 18.63 72.87 10.03 145.97 13.67
2 Etaiyapuram ETT 9 —0.04 149.99 1.40
3 Hyderabad HYB 17.42 78.55 8.29 151.29 11.66
4 Tirunelveli TIR 8.67 77.82 —0.55 149.6 0.36
5 Huancayo HUA —12.05 284.67 —1.61 356.32 0.59
6 Fuquene FUQ 5.47 286.27 15.92 357.77 17.06
7 M’Bour MBO 14.39 343.04 20.26 57.32 4.59
8 Guimar GUI 28.32 343.56 33.91 60.49 23.04
9 Addis Ababa AAE 9.02 38.77 5.27 111.57 0.95
10 Qsaybeh QSB 33.87 35.64 30.23 113.37 30.89
11 Guam GUA 13.58 144.87 5.1 215.43 6.19
12 Chichijima CBI 27.1 142.18 18.28 211.39 20.79
13 Pondichery PND 11.92 79.92 2.7 152.13 4.75
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