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Abstract

An empirical model of the equatorial electrojet (EEJ), including local time and longitude dependence, has been constructed
based on the surface magnetic data recorded at 26 stations located in six different longitude sectors that were set up or
augmented during the international equatorial electrojet year (IEEY'). The model reproduces the characteristic signatures of
the EEJ-associated horizontal and vertical magnetic components at ground level. The model-predicted variations at the orbit
of the POGS satellite are generally in good agreement with the onboard magnetic signatures, although strong discrepancies
are also often seen. The nature of the differences suggests that the global scale magnetospheric or field-aligned current systems
may sometimes dominate the satellite data. The nature of the longitudinal inequalities in the EEJ strength indicates that the
equatorial electrojet is strongest in South America (80°~100°W) and weakest in the Indian sector (75°E) with a secondary
minimum and a maximum centered, respectively, in the Atlantic Ocean (30°W) and in western Africa (10°E). The EEJ

strength is shown to be inversely correlated with the main field intensity along the dip-equator.

(© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Since its discovery, after the installation of a geomag-
netic observatory at Huancayo (Peru) near the dip-equator,
the equatorial electrojet (EEJ) has been the subject of many
studies. Most of the first studies were carried out to explain
the generating mechanism of such an intense current flow
along the dip-equator (Baker and Martyn, 1953; Chapman
and Bartels, 1940). Since the 1970s, some theories and phys-
ical models of the ionospheric dynamo have been developed
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(Sugiura and Cain, 1966; Untiedt, 1967; Sugiura and Poros,
1969; Richmond, 1973; Stening, 1985; Reddy, 1989) in or-
der to explain the mechanism of the EEJ flow and its main
features (day to day, seasonal variability, counter-electrojet,
electrodynamic processes of coupling with global scale cur-
rent systems, etc). Another approach to simulate the EEJ has
been through the analysis of EEJ magnetic effects assum-
ing simple current configurations. These are the line current
(Forbush and Casaverde, 1961), the thin-band current with
different modes of latitudinal dependence: the uniform and
parabolic (Chapman, 1951) and the “fourth degree” current
distribution (Fambitakoye and Mayaud, 1976) as well as the
thick current distribution incorporating latitude and height
dependence (Onwumechili, 1967).

After a short standby during the late 1970s, the analysis
of the Magsat data resulted in an increased interest in the
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EEJ studies (Langel et al., 1982; Yanagisawa and Kono,
1985; Cohen and Achache, 1990; Langel et al., 1993; Ravat
and Hinze, 1993). The Magsat anomaly maps determined
using dawn and dusk data were found to be contaminated
by the EEJ signatures near the dip-equator (Maeda et al.,
1982). In the frame of Magsat data analysis, different meth-
ods have been proposed to estimate or eliminate the EEJ
effects: Langel et al. (1982) only averaged dawn and dusk
data while Cohen and Achache (1990) obtained the EEJ ef-
fects using a mean square method. Other approaches were
used for the reduction of the EEJ contribution in Magsat
data (Yanagisawa and Kono, 1985; Ravat and Hinze, 1993).
For non-sun-synchronous satellites (®rsted, Champ and fu-
ture geomagnetic satellites), the applications of these diverse
Magsat reduction formulations should be reworded.

These significant developments from the Magsat data
analysis were also taken into account in designing field ex-
periments and subsequent analysis of the data collected dur-
ing the International Equatorial Electrojet Year (IEEY). In
the framework of the IEEY campaign, dense magnetometer
networks were operated in Brazil (Rigoti et al., 1999), India
(Arora et al., 1993) and West Africa (Amory-Mazaudier et
al., 1993; Doumouya et al., 1998; Vassal et al., 1998). The
main features of the EEJ, e.g. latitudinal structures and its
day to day and seasonal variability, in each of the regions
has been reported in the series of the papers (Arora et al.,
1993; Rigoti et al., 1999; Doumouya et al., 1998). Inte-
gration of the global data collected during the IEEY gives
further opportunity to study the longitudinal dependence of
the EEJ on the basis of simultaneous surface measurements.

In this paper, an empirical EEJ model is developed us-
ing simultaneous surface magnetic data recorded at 26 sta-
tions in different longitude sectors (Amory-Mazaudier et al.,
1993). The model, in addition to the latitudinal structure,
includes terms to describe the local time and longitude de-
pendence. Comparison of the modeled magnetic effects with
ground-based and satellite magnetic measurements validates
the model. The derived model parameters are used to study
the longitudinal dependence of the EEJ strength. The effi-
cacy of the model is also tested against satellite magnetic
data for correction from the EEJ contamination.

2. An empirical model of the electrojet based on surface
measurements

2.1. Latitudinal structure of the EEJ

Empirical models of the EEJ, based on the regular daily
variation (Sr ) of the Earth’s magnetic field, have mostly re-
lied on latitudinal profiles of the horizontal (AH) and the
vertical (AZ) components generally reckoned with respect
to the nighttime level (Fig. 1). The EEJ has been considered
as a thin current ribbon flowing parallel to the dip-equator
at a fixed altitude (4 = 105 km), which was estimated from
in situ rocket measurements in the equatorial ionosphere

Latitude dependence of H and Z on 06/03/93
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Fig. 1. Latitude dependence of the horizontal (/) and vertical (Z)
components of the equatorial electrojet associated magnetic effects
in West Africa. The vertical line below each curve indicates the
position of the dip-equator.

(Maynard, 1967; Sampath and Sastry, 1979). For the models
that describe only the latitude dependence of the EEJ, the in-
volved parameters are the latitude of the center (c), the peak
current intensity (/o) at the center and the half-width (@) of
the EEJ. These models are particularly well suited to de-
scribe the EEJ behaviors around local noon. The well-known
models can be summarized through the following formulas
giving the current intensity /(x) at a given latitudinal dis-
tance (x) from the equator:

e A uniform current distribution:
I(x) = I. (

—

)
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e A parabolic distribution after Chapman (1951):
RV
1(x)=1I (1 - (xaizc)) 2)

e And a “quadratic” or fourth degree current distribution
model after Fambitakoye and Mayaud (1976):

2
1) =1Io <1 _ ;20)2) . (3)

In egs. (1)—(3) x is defined in the range: ¢ —a < x < ¢ +a,
where a is the half-width and ¢ the position of the center of
the EEJ.

Onwumechili (1992), drawing upon the limitations of
these thin current models, proposed a thick current distribu-
tion model that includes both latitude and height structure.
The suitability of the thin current model is determined by
how well the computed model fields fit the latitudinal be-
havior of the observed magnetic measurements. In partic-
ular, the quadratic distribution models have been shown to
fit the magnetic data from a dense network quite adequately
Fambitakoye and Mayaud (1976).

The magnetic effects of the EEJ are obtained using the
parameters a, ¢ and I}, derived from the latitudinal profiles
of AH and AZ. Details of the computational steps to ob-
tain @ and ¢ are given by Fambitakoye and Mayaud (1976)
and Doumouya et al. (1998). /1, is computed from the peak
value of the amplitude at noon (AH2), derived from the lat-
itudinal profile of AH at noon. The following formula, cor-
responding to a uniform current distribution (Fambitakoye,
1976), is used:

_ AHp
~ O4arctg($)’

I 4)
where a is the half-width of the EEJ and is expressed
(Fambitakoye, 1976) by

. (d;—}ﬂ), 5)

where £ is the height of the EEJ , adopted as 105 km, and d
is the latitudinal distance between those stations where the
AZ variations associated with the EEJ register maximum
and the minimum.

2.2. Local time dependence of the EEJ

Fig. 2 presents a typical regular daily variation in the hor-
izontal and vertical magnetic components associated with
the EEJ at ground stations spread across the dip-equator in
the African sector. EEJ-related magnetic effects in the daily
variations of the horizontal (AH) and vertical (AZ) com-
ponents appear at about 6 LT, reach a maximum (or a mini-
mum for AZ to the north of the dip-equator) near local noon
and vanish after 18 LT. Fig. 3a shows the diurnal variation
of the normalized AH* (AH* =(AH/AH,,), where AH\,

Daily variation of H and Z on the Network, on 28/04/93
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Fig. 2. The local time dependence of the horizontal (/) and vertical
(Z) components of the equatorial electrojet associated magnetic
effects in West Africa.

is the noon value of AH at the EEJ center) in West Africa
(dotted curve) on February 24, April 28 and May 25, 1993.
The solid curves in figure represent the local time (¢) de-
pendence of the EEJ as expressed by the Gaussian function
G(t), defined as follows:

G(1) = exp (—ﬂ) ) (6)

2
Iin

T is the local hour of the maximum of the AH in the daily
variation under the EEJ. On average, 7 = 12 LT with pos-
sible deviations of &1 h. This parameter may change from
day-to-day and with season. #y is a fitting parameter that
controls the time window of the Gaussian-like shape of the
diurnal progression in AH and AZ. It is determined by trial
and error. On average, fm =4 h for the daily variation along
the West African sector. This value of #, also fits the daily
variations in India and in Brazil as shown in Fig. 3b and c.
In general, AH rises more sharply in the morning and de-
creases more gradually in the afternoon but we notice from
Figs. 3a—c that the Gaussian function G(¢) provides a good
description of the diurnal progression. Therefore, the diur-
nal variation of current intensity at the center of the EEJ can
be equivalently expressed as

2
Io(t) = Iz exp (—ﬂ> , (7)

t
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Fig. 3. (a) Comparison between a Gaussian function (solid lines) and the normalized AH* (AH* = (AH/AH);)) daily variation of the
EEJ magnetic effects (dotted line) in West Africa during the IEEY; (b) a Gaussian (solid lines) fit to the normalized AH* daily variation
of the EEJ magnetic effects (dotted line) along Indian longitude sector during the IEEY; (c¢) a Gaussian (solid lines) fit to the normalized
AH* daily variation of the EEJ magnetic effects (dotted line) in Brazil during the IEEY.

where /o(¢) is the current intensity at the EEJ center at a given
hour (¢) and /)5 is the local noon value of /y(¢) estimated by
eq. (4).

The time function /y(¢#) can be combined with any of
the latitudinal current distributions models (Egs. (1)—(3)) to
describe the latitudinal as well as local time dependence of

the EEJ. If the quadratic distribution is adopted, the current
function defining latitudinal and diurnal variation of the EEJ
takes the form

2\2 2
I(x,0) = I (1 - %) exp(—(t;#) . (8)
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Simulating a morning counter-electrojet using the model
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Fig. 4. Simulation of a morning counter-electrojet using the empirical model, under the assumption of a secondary ribbon flowing westward
(with Iycgy corresponding to a AH = —30 nT, and Tcgy =8 h LT and #n = 3 h). Jycgy is the maximum intensity of the CEJ, Tcgy is the
local time the CEJ maximum intensity. The same half-width and position of the center axis were used as for the eastward EEJ.

In the present study, we use the quadratic current distribution
because it satisfactorily accounts for the observed magnetic
effects of the EEJ (Fambitakoye and Mayaud, 1976).

A distinctive feature of such a representation is that it can
be used to simulate the counter-electrojet (CEJ) simply by
assuming a secondary current ribbon flowing westward in
addition to the normal eastward EEJ. In that case, the cur-
rent intensity of the CEJ at the center is denoted by locks
corresponding to the time (7cgy ) of the CEJ maximum inten-
sity. Fig. 4 shows magnetic field variations associated with
a morning counter-electrojet, as simulated by the model,
where Iocgy corresponds to AH = —30 nT, Tcgy =8 h LT
and f, = 3. From the dense network of stations across the
dip-equator along the Indian sector, Arora et al. (1993) ob-
served that latitudinal extent of the CEJ-related depression
does not extend beyond the normal width of the EEJ. Given
this evidence, the half-width (a) as well as & and ¢ for the
CEJ related ribbon were chosen to be same as for the normal
EEJ, that is, @ = 330 km, corresponding to the mean value
of the EEJ half-width obtained by Doumouya et al. (1998).

2.3. Longitude dependence of the EEJ

The strength of the EEJ is best expressed by the current
intensity at the EEJ center. This parameter is related to the
ionospheric regular dynamo and in turn depends on the local
magnitude of the main field through the ionospheric conduc-
tivity and is given by Ohm’s law in the low-latitude iono-
sphere (Davis et al., 1967). Both the Pedersen conductivity
(01) and Hall conductivity (g2) depend on the intensity of
the main field (B) through the gyro-frequency (Baker and
Martyn, 1953). The longitudinal inequalities in the main
field will induce longitudinal variation in the EEJ intensity.

In this section, the longitudinal dependence of the EEJ
will be expressed by a numerical spline function estimated
through surface measurements of AH along the dip-equator.
To this end, we use available magnetic data recorded in dif-
ferent longitude sectors during the IEEY (Table 1). These
data were recorded in three networks of magnetic stations:
in West Africa (~ 4.85°W), in Brazil (~ 43.49°W) and
in India (~ 77.23°E). Three individual stations close to
the dip-equator are added. These are Ancon (77.02°W,
1.47° dip-latitude) in Peru, Mokolo (13.48°E, —0.29°
dip-latitude) in Cameroon and Yap Island (138.04°E, 0.71°
dip-latitude) in the Pacific, providing a network of 26 sta-
tions (Fig. 5). For the longitude sectors where a chain of
stations is available, AH at the center of the EEJ is given
by the peak value in the latitudinal profiles of the horizontal
field measured with respect to the field at local night. For
the longitudinal sector represented by a single site, given
their proximity to the dip equator, the station’s AH is taken
to be the measure of the EEJ intensity at the central axis.
Since a reference station located outside of the influence
of the electrojet is required to remove the planetary Sq
contribution to the geomagnetic field at the dip equator,
we decided not to eliminate the Sq contribution in order to
keep the same baseline for the regular daily range.

Fig. 6 shows the mean values of AH along the central
axis (dip-equator) of the EEJ at six different longitude sec-
tors separately for various local times, from 9 LT to 15 LT.
These averages are obtained on the data of 13 quiet days,
selected on the basis of magnetic quiet conditions, ignoring
seasonal criteria (Table 2). The error-bars represent the stan-
dard deviations. The solid line is obtained using spline in-
terpolation. We perform this interpolation and set AH con-
tinuous across the 180° meridian, and in station-free sectors
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Table 1
Stations Code Geographic Dip Lat (°)
CN) W)
(a) Geomagnetic stations operated during the IEEY in West Africa
Tombouctou TOM 16.733 3.000 5.51
Mopti MOP 14.508 4.087 3.29
San SAN 13.237 4.879 2.02
Koutiala KOU 12.356 5.448 1.13
Sikasso SIK 11.344 5.706 0.12
Nielle NIE 10.203 5.636 —1.01
Korhogo KOR 9.336 5.427 —1.88
Katiola KAT 8.183 5.044 —3.04
Tiebissou TIE 7.218 5.241 —4.00
Lamto LAM 6.233 5.017 —4.99
Observatory Code Geographic Dip Lat (°)
CN) (°E)
(b) Geomagnetic stations functioning during the IEEY in India
Ujjain ulJ 23.18 75.78 18.42
Alibag ABG 18.63 72.86 12.96
Hyderabad HYD 17.42 78.55 11.16
Anantapur ANT 14.67 77.63 7.83
Bangalore BAN 12.98 77.60 5.72
Annamalainagar ANN 11.37 79.68 3.67
Karur KAR 11.01 78.09 3.32
Virudunagar VIR 9.61 77.94 1.61
Trivandrum TRD 8.48 76.95 0.28
Observatory Code Geographic Dip Lat (°)
°N) W)
(¢) Geomagnetic stations operated during the IEEY in Brazil
Belem BLM —1.22 48.53 1.94
Sao Luis SLZ —2.60 44.20 0.95
Eusebio EUS —3.85 38.42 —0.81
Teresina TER —5.03 42.83 —0.54

(in the Pacific region), we add or subtract 360° from the
real longitudes of the various locations.

The shape of the longitudinal profiles is roughly similar
around noon hours. This shape is observed every day with
some secondary day-to-day changes but the amplitude vari-
ations from one day to another are quite significant. Around
noon, the amplitude (AH') is maximum in South America. It
regularly decreases and shows an inflexion in Africa with a
secondary maximum at about 10° longitude. It remains de-
creasing to a minimum in India and then increases regularly
from India to South America with another inflexion in the
West Pacific. Before 11 LT and after 14 LT, the shapes of the
longitudinal profiles of AH show a very strong day-to-day
variability. Before 11 LT, the profiles have two maxima, in

Brazil and Central Africa (at Mokolo), and two minima, in
West Africa and in India. The minimum in India is less pro-
nounced at 9 LT. In fact, the shape before 11 LT does not
fully vanish. For example, the maximum in South Amer-
ica and the minimum in India are more pronounced around
noon and the maximum and the minimum in Africa are less
marked.

The longitude dependence function of the model is em-
pirically taken into account using a spline interpolation. In
this section, the longitudinal dependence of the EEJ will be
expressed by a numerical spline function estimated through
surface measurements of AH along the dip-equator.

Fig. 7 presents the longitudinal dependence of the EEJ as
expressed by the numerical spline function fitting the mean
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Fig. 6. The averaged longitude dependence of the magnetic effects of the equatorial electrojet, from 9 to 15 LT. The error bars represent
the standard deviations of AH with respect to the averages of 13 days’ data.

AH at 12 LT along the dip-equator, /12(4). Also shown is the
inverse of the main intensity field (1/B) at the dip-equator,
multiplied by an arbitrary factor 5 x 10" in order to reach

the same amplitude range as AH. This figure shows an
approximate inverse correlation between AH and the main
field (B).
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Table 2

Selected magnetically quiet days for the study of the longitude dependence of the EEJ

Selected quiet days  Brazilian network  African network

Indian network

Ancon (ANC)  Mokolo (MOK)  Yap Island (YAP)

23/02/1993 X X X
24/02/1993 X X X
25/02/1993 X X X
26/02/1993 X X X
05/03/1993 X X X
06/03/1993 X X X
26/04/1993 X X X
27/04/1993 X X X
28/04/1993 X X X
24/05/1993 X X X
25/05/1993 X X X
26/05/1993 X X X
15/06/1993 X X X

R T I Sl
|
I PR R R K

PR R K XX K

PR xR

“X” indicates data availability at different locations and “~indicates lack of data.

Mean longitudinal variation of the Equatorial Electrojet strength at 12H
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Fig. 7. The mean longitude dependence of the magnetic effects of the equatorial electrojet at 12 LT (solid curve) and the inverse of the
main field 5 x 10°/B (dashed line). The error bars represent the standard deviations of AH with respect to the averages of 13 days data.

3. The empirical model of the EEJ and its validation

In the preceding section, three independent functions are
defined to express the latitudinal (Eq. (3)), local time (Eq.
(7)) and longitudinal, 7,2(4), dependence of the EEJ. The
product of these three functions, as expressed below, repre-
sents an empirical EEJ model that can effectively describe
the spatial (latitudinal and longitudinal) and temporal char-

acteristic of the electrojet currents
2\2 2
, — t—T
I(X,j.,t):I]z(/u) (1_()651%)) exp<_(tf)>'
" C)]

Note that the local time (7) depends also on the longitudes
at a given universal time (¢,)

t=t,+ 1)—5 —180° < 4 < 180°.
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Fig. 8. Comparison between the observed and computed daily variation of H and Z components of the equatorial electrojet magnetic effects,

February, 23rd 1993 at Nielle and Lamto.

Once the model parameters, ¢, a, T, tn and I2(2),
are determined from the data, the following expressions,
corresponding to the fourth degree current distribution

(Fambitakoye, 1976), can be used to compute the magnetic
fields in A and Z for a stations located at a given position xs;

H=02 % [(a* — X3)* + (2a* — 6X3)h* + h*](arctan Rp
—arctanR4) + 0.2 % [2(a* — X$)Xsh + 2Xsh’]
2 2 I b 5 3
[In(1 + Rp) — In(1 + R3)] + 02— (R — R3)
—04 i‘; Xsh'(Ry — RY) — 0.2 Lj
a a
[(2d* — 6X)h + h*1(Rs — Ra),

Z=-0.1 % (> —X3) +(2a* —6X)h* +h*[In(1 + R})

—In(1 +R})]+08 % [(a* — X3)Xsh — Xsh’]

I vt
(arctan Rp — arctan R;) — 0.1 a—‘; > (Ry — RY)
Iy 1 I
+082 ’ixg(zefB —R)D+012
a* 3 at

[(2d° — 6XHI + IR — RY)
I
—08 a% Xs[(a®> — X h + BP1(Rs — Ry),

where

Xs=xs —c,

Xy —a
RA: Sh B

Xs+a
Rp = Sh

when ¢ (the position of the EEJ center), a (the half-width)
and # (the height of the EEJ) are in km; /y (the current
intensity at the EEJ center) is in A/m, the H and Z are in nT.
In the emperical model developed, Iy is represented by the
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time and longitude varying current intensity /;> (¢, A) near
the dip-equator (first and last tern in Eq. (9)), the model
permits to study the characteristic variations of the EEJ with
latitude, longitude, altitude and time.

3.1. Comparison with ground magnetic data on quiet
days during IEEY

The magnetic daily variations of 40 quiet days were used
as input to determine model parameters in eq. (8). These pa-
rameters are used to compute magnetic fields at the locations
of the IEEY stations in West Africa and elsewhere. This ap-
proach thus allows a direct comparison between measured
and modeled EEJ effects. Fig. 8 compares the observed daily
variations in H and Z on February 23rd 1993 at the West
African IEEY stations, Niellé (—1.01° dip-latitude) and
Lamto (—4.99° dip-latitude), with those derived from the
model. For this example =331 km, AH=112.9 nT (I =
223.3 A/m) and ¢ = 10.99°N. It is seen that the patterns of
measured and modeled daily variation of the EEJ are quite
similar and their magnitudes at Niell¢ in the course of day
are within 10 nT or an accuracy of about 9%. At the station
Lamto there is an extreme case of misfit. Differences be-
tween data and model are quite large, reaching 36 nT (32%)
in AH around noon.

Fig. 9 shows the latitudinal profile of the AH and AZ
at different local times as recorded on March, 5th 1993
along the West African sector together with model computed
fields, for a =317 km, AH = 118.3 nT (/1> = 236.3 A/m)
and ¢ = 10.92°N. These profiles are roughly similar. The
amplitudes of the H component are comparable near the
dip-equator, where the differences between data and mod-
eled AH are less than 20 nT (17%) between 9:30 and 14:30.
Near the fringe latitudes of the EEJ, the differences are
about 35 nT (30%). For the Z component, the differences
are more pronounced near the maximum and the minimum
(about 30 nT) in the latitudinal profile for noon, and less
elsewhere. The contour plots of the AH and AZ fields in
the latitudinal-local time frame (Fig. 10) exhibit an over-
all agreement between observed and modeled components.
Small differences in shapes, both in H and Z, may arise
from the fact that the current model is designed to be per-
fectly symmetrical with respect to the dip-equator as well
as to local noon. The nature of disagreement becomes more
conspicuous in Fig. 11 where the differences between mea-
sured and modeled AH during four consecutive quiet days
in February 1993 are shown in the form of contour maps.
These contour maps display a negative zone in the morning
(5:00 to 10:00) with a minimum at about 8:00. The presence
of this well developed low on these selected days appears
to be related to the occurrence of a CEJ.

Doumouya et al. (1998) have classified the selected
quiet days during the IEEY as counter-electrojet days and
non-counter-electrojet days. February 25-26, 1993, were
identified as days of morning counter electrojet (CEJm)
in the West African sectors and the daily variations in A

Data and modeled EEJ magnetic effects on 05-03-93

H Z

15:30... — 1 —T———

14:30... |

13:30... |

12:30...

11:30...

10:30

. .
.
o o ° . | L ()
9:30... |
160 100
80 of—
e .. |
8:30... ot AT R T o Lh3i458099 ¥
5 8 11 14 17 5 8 11 14 17

North Latitudes (deg.) North Latitudes (deg.)

Fig. 9. Comparison between the observed (dots) and computed
latitudinal variation (solid lines) of H and Z components of the
equatorial electrojet magnetic effects. The vertical line below each
curve indicates the position of the dip-equator.

were marked by a negative excursion in the morning hours,
going down well below the nighttime level. The strong neg-
ative anomaly pattern, reaching an amplitude of —50 nT on
February 25-26, 1993 (Fig. 11b) could be attributed to the
occurrence of morning CEJ. Similarly, the weak negative
low of —15 nT seen on February 23-24 might mark the
presence of a partial counter electrojet. Since the negative
excursion associated with a CEJ in the equatorial belt at
certain times is accompanied by a perturbation at low and
mid latitudes (Stening, 1977; Arora et al., 1993), the strong
positive residual field observed near the edge of the elec-
trojet (Fig. 11b) might again be related to CEJ occurrence.
But more detailed future work is necessary to emphasize
these features.
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Fig. 10. Contour maps of observed and computed daily variation of the /' and Z components of the equatorial electrojet magnetic effects.

It can be summarized that the empirical model reproduces
the average magnetic signatures of the EEJ on a global scale,
though it might not be the right choice for detailed analysis
of day-to-day variability, especially days of CEJ occurrence.
However, it is shown that if model parameters are deter-
mined including CEJ conditions, the model can simulate the
negative surface magnetic fields.

3.2. Comparison with POGS satellite EEJ magnetic
signature above the IEEY network in West Africa

The numerical formulation adopted allows computation
of the magnetic effects at any altitude (Eq. (4)). Fig. 12
gives, both in contour form as well as perspective view,
the model simulated AH and AF at an altitude of 700 km.
In such a simulation, the EEJ is assigned a half-width of
330 km and its intensity corresponds to a ground AH of
100 nT. At this height the EEJ effects are expectedly weaker
(Fig. 12a) than that observed at ground level (Fig. 10b),
and the shape of the latitudinal profile of the EEJ signature
is reversed. Also, as expected, the magnetic fields have a

much wider latitudinal extent. In order to validate the extent
to which the model parameters determined from simultane-
ous ground-based measurement can reproduce variations at
satellite heights, we have compared model estimated mag-
netic effects with those measured on board the POGS satel-
lite, the only satellite that was operational during the IEEY.
In Fig. 13, we present latitudinal plots of the modeled AF
(residual total field) and that recorded on board the POGS
satellite on different days while transiting the longitude band
+15°E, i.e. centered along the West African IEEY net-
work.

Assuming that the EEJ signature is restricted to a lati-
tude band of +30°, we isolate the EEJ signature removing
longer wavelength variations. These examples show that, on
passes when characteristic EEJ signatures are seen in POGS
magnetic data, e.g. on July 2, 13 and 21, 1993, the model
amplitude of the EEJ compares favorably with observations.
However, on certain passes (June 21, 29, 1993 and July 29,
1993) the discrepancies between the observations and the
model are quite large. Since on such passes the observed
magnitudes and spatial structures are highly modulated, it
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Fig. 11. Contour maps of the difference between observed and computed

equatorial electrojet.

is likely that there is a contribution from sources other than
the electrojet.

4. Discussion

An empirical EEJ model has been proposed that can be
used to describe the nature of the associated magnetic fields
with local time, latitude and longitude as well as with height.
One of the novel features of the proposed empirical model is
that it incorporates a dependence on longitude. It is the first
time that the longitudinal dependence of the EEJ magnetic
effects has been studied using simultaneous surface data sets
in six longitude sectors (three extended networks of stations
and three individual stations).

The longitudinal variation in the strength of the EEJ, de-
fined by Ip(4) in Eq. (9) and shown in Fig. 7, is consistent
with previous studies of the longitudinal dependence ob-
tained from POGO satellite data (Cain and Sweeney, 1973)

February 26th, 1993
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daily variations of the H# component of the magnetic effects of the

as well as from Magsat dusk data (Ravat and Hinze, 1993).
However, the present results show only partial agreement
with the longitudinal inequalities in the EEJ current density
and total current intensity deduced from using the POGO
satellite data (Onwumechili and Agu, 1980). More recently,
Kim and King (1999) have revisited the POGO data to es-
tablish the true nature of the longitudinal variation in the
EEJ. They found longitudinal inequalities obtained utiliz-
ing POGO passes scanning all altitude ranges to be very
different in comparison with those when only passes below
450 km altitude were employed. The cause of this discrep-
ancy remains unknown and further investigations were sug-
gested. Despite the wide separation between the successive
chains of stations and the absence of stations in the Pa-
cific, the agreement between our present results and those
obtained from POGO and Magsat suggests that weak longi-
tudinal gradients in EEJ magnetic signatures minimize the
errors in the longitudinal interpolation of the field from a
widely distributed set of stations. The plots of longitudinal
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Fig. 12. Simulated magnetic effects of the equatorial electrojet at 700 km altitude, for an EEJ ground AH of 100 nT and half-width of

330 km: (a) AH and (b) AF.

inequality in the EEJ strength (Fig. 7) clearly bring out the
inverse correlation with the main magnetic field strength, an
inference drawn earlier from restricted longitudinal sets of
data (Rastogi, 1962).

5. Applications of the empirical model

The other salient merit of the empirical model is that
EEJ parameters determined from surface measurements can
be used to estimate the magnetic field directly at satellite
heights and this can be exploited to seek the relationship be-
tween surface and satellite magnetic signatures of the EEJ.
This problem has been addressed by various workers us-
ing the POGO data (Cain and Sweeney, 1973; Osborne,
1973; Ebun Oni, 1973; Yacob and Bhargava, 1973, Kane,
1973; Gouin, 1973; Agu and Onwumechili, 1981). Agu and

Onwumechili (1981) have shown a linear correlation be-
tween surface and satellite EEJ magnetic signatures. The in-
clusion of the local time and longitudinal dependence terms
in the present model should prove effective in extrapolating
the magnetic signature of the EEJ at satellite altitude to dif-
ferent longitudes and local times. This is a basic pre-requisite
as non-sun-synchronous satellites sweep all longitudes and
cross the EEJ at different local times. Once the validity of
the scheme to extrapolate the surface magnetic field to satel-
lite heights is established, the computed fields can be used
for various applications such as:

1. Validating the EEJ models determined from the magnetic
measurement on board satellites.

2. Correcting satellite/acromagnetic magnetic field mea-
surements for EEJ contamination when estimating a
crustal magnetic anomaly.
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Comparison between Model EEJ and POGS satellite EEJ signatures
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Fig. 13. Comparison between the POGS magnetic signature of the EEJ and the model. The modeled curves are computed using parameters

derived from surface measurements.

3. Estimating the residual effects of the EEJ on a model of
the main field derived from satellite magnetic data.

While the model in general produces the expected am-
plitude and spatial characteristics of the EEJ at satellite al-
titudes, the comparison of observed and model response at
satellite heights revealed large differences on certain indi-
vidual passes. Thus the validation of the satellite-derived
EEJ model, obtained by projecting surface magnetic data
to the satellite height (item 1 above), could be achieved
only in a statistical sense where data are averaged over
a large number of passes. Under items 2 and 3, conven-
tionally the data from a large number of passes are com-
bined and hence the effects of day-to-day variability, from
both EEJ and magnetospheric sources, may be averaged out.
Therefore, the EEJ model parameters obtained from sur-
face magnetic data could be used to estimate and elimi-
nate the overall contribution of the EEJ from the satellite
data.

Fig. 14a shows the global view of the horizontal and ver-
tical components of the magnetic signature of the EEJ at a

given universal time (10 UT) at 450-km altitude. The mag-
netic fields in the equatorial belt have been obtained substi-
tuting the mean longitudinal profile of AH at 12 LT in the
empirical model represented (Fig. 7). For this computation,
the position of the dip-equator has been considered as the
EEJ center and a constant half width of 330 km has been
used. Fig. 14b shows the sun-synchronous view of the hori-
zontal and vertical components of the magnetic signature of
the EEJ at 12 LT. This figure is obtained after sweeping all
universal time from 0 to 24 UT.

6. Conclusions

The current distribution models used to describe the lat-
itudinal structure of the EEJ are reviewed. An empirical
model of the EEJ involving longitude, latitude and local
time dependence has been proposed. We showed that the lo-
cal time dependence of the EEJ signature is well described
by an empirical gaussian-like function near the EEJ center.
The model was tested using surface data as well as POGS
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Fig. 14. (a) Global view of the H and Z components of the EEJ magnetic effects at a fixed universal time (10 UT) at an altitude of 450 km.
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of 30 nT; (b) sun-synchronous view of the A/ and Z components of the EEJ magnetic effects at a fixed local time (12 LT) at an altitude
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America and —30 nT in India. AZ contour interval is 10 nT for a minimum of about —30 nT and a maximum of 30 nT in Africa.

satellite data. These results showed that the model deter-
mined from ground-based EEJ measurements describes well
the magnetic signature of the EEJ on the ground with errors
less than 17% around noon and near the dip-equator, whereas
large discrepancies are sometimes observed between mod-
eled and satellite EEJ signatures. Such discrepancies might
be due to many causes. First, one might think of magne-
tospheric current systems, especially field-aligned currents
whose effects could be stronger at satellite altitudes. Alti-

tude changes of about 70 km along a single satellite pass
are possible. That would affect the determination of the EEJ
signature and could be one of the sources of the observed
discrepancies. POGS provided only scalar magnetic data.
Vector and scalar magnetic measurements from the Oersted
and CHAMP satellites, which fly at lower altitudes, will be
used for a wider comparative study. The CHAMP satellite
could provide a better estimation of the EEJ magnetic sig-
natures because of its lower altitude.
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Fig. 14. continued.

In this work, the longitudinal dependence of the EEJ is
numerical represented for the first time from simultaneous
surface magnetic records in different longitude sectors. This
study showed that the magnetic signature of the EEJ is
stronger in South America with a maximum between 80°
and 100°W. An inflexion, with sometimes a secondary min-
imum observed in the Atlantic Ocean (30°W), is followed
by a secondary maximum in West Africa at about 0°E. The
EEJ magnetic signature is weaker in Asia, with a minimum
in India, between 75° and 100°E. A weak inflexion is also

observed in the Pacific Ocean at about 140°E. These lon-
gitude variations of the EEJ magnetic effect roughly follow
variations of the inverse main field (1/B) at the dip equator.
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