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The day-time eastward equatorial electric field (EEF) in the ionospheric E-region plays a crucial role in equatorial ionospheric dynamics. It is responsible for driving the equatorial electrojet (EEJ) current system, equatorial vertical ion drifts, and the equatorial ionization anomaly (EIA). Due to its importance, there is much interest in accurately measuring and

modeling the EEF for both climatological and near real-time studies. The Swarm satellite mission offers a unique opportunity to estimate the equatorial electric field from measurements of the geomagnetic field. Due to the near-polar orbits of each satellite, the on-board magnetometers record a full profile in latitude of the ionospheric current signatures at
satellite altitude. These latitudinal magnetic profiles are then modeled using a first principles approach with empirical climatological inputs specifying the state of the ionosphere. Since the EEF is the primary driver of the low-latitude ionospheric current system, the observed magnetic measurements can then be inverted for the EEF. This paper details the
algorithm for recovering the EEF from Swarm geomagnetic field measurements. The equatorial electric field estimates are an official Swarm level-2 product developed within the Swarm SCARF (Satellite Constellation Application Research Facility). They will be made freely available by ESA after the commissioning phase.

I ntrOd u Cti O n Swa rm Data P ro cess i n g Inversion for EE) current density
HEDSREA @ e D eab s Removal of 5q and external fields E 0.1 | | | | |
i SEELEAOROROE ORI MRS ) | | | 2
» — ' \‘- g 0.08
N\ Vind ; A \ ' ﬂ Ww /\,\/\N S e
UxB The dayside equatorial electric field (EEF) is generated by g / V . 1 = ‘ =
. . . . - ) = 4 . = :
f \‘N the motion of neutral winds in the ionosphere. As the sun i . _ » N »
. . . . . . w6 7 w  0.02
AN - lonizes the dayside, neutral winds push the ions causing : ) \ - | |
+ - - - . r . . B - a
o aﬁ'ec‘:ria;emar large scale currents, with positive ions tending toward the oot Y . \‘ 2 ol _ c
. ! - ! 1S % c -0
dawn terminator and negative ions toward dusk. This ol sy 1N Bl _ :
iy 2 B . Au causes an electric field across the dayside in the equatorial ol . . e v R
i _|_+++ é - - . . r . . . . - - ~ v -~ - - -60 -40 -20 0 20 40 60 guasi-dipole latitude (degrees)
&+ ey - - f region, typically eastward. This electric field is responsible et B (ot ) g quasi-dipole latitude (degrees)
VI ' ' ' Step 1 Step 2 Step 3
l _j TOF grl.}/;ngéqre] equat?rla.l Ie.lec.troij:.et current lsyStem’ vertical First we use scalar magnetic field valupes from the ASM instrument onboard After subtracting the Sq and external field model from the F" While the F*® residuals g:on_tain a lot of useful information_, the
UxB Ion driftan € equatoriationizationanomaly. Swarm and subtract main, crustal, and external field contributions using field residuals, we obtain a latitudinal profile similar to that shown actual EEJ current density is the more fundamental quantity to
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D_lr_eCt measurements_ of the EEF have hlStOI’ICa”y proven January 2014. The peak is downward since Swarm is flying above involves modeling the low-latitude current system in order to
dlffICU|t, and are available onIy from a small number of . Fisarn — |Besre + Berse + Begt| the EEJ region, where the magnetic signature opposes the main recover the EEF. Therefore we invert the residuals F“ for the
ground-based radars (ie' Jicamarca) and a few satellite field direction. eastward current flow in the ionospheric E-region. This is done by
. ' : The F" residuals are primarily a combination of magnetic signatures from the assuming simple line currents flowing at 110km altitude spaced
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geomagnetic field for each orbit from Swarm. of main interest for us since it is directly generated by the equatorial electric structure of this profile.
field we are trying to estimate.
Equatorial Electrojet Modeling Conclusions
- Using the scalar ASM instrument on Swarm, we have developed a means of estimating the equatorial electric field for every
dayside orbit
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: the EEF value which gives the best agreement with satellite-derived current.

: P. Alken, S. Maus, P. Vigneron, O. Sirol, and G. Hulot, Swarm SCARF Equatorial Electric Field Inversion Chain, Earth Planets Space, 65:1309-1317, 2013.

: P. Alken and S. Maus, Relationship between the ionospheric eastward electric field and the equatorial electrojet, Geophys. Res. Lett., 37:L.04104, 2010.

M. C. Kelley, The Earth’s lonosphere: Plasma Physics and Electrodynamics, Academic Press Inc, San Diego, 1989.

« Main steps of the algorithm include
(1) Subtracting main, crustal, and external field models from scalar data
(2) Fitting a low-degree spherical harmonic model to residuals to remove Sq effects
(3) Inverting magnetic signature of EEJ for E-region current density
(4) Solving the governing electrodynamic equations with climatological inputs to reproduce EEJ current flow, and estimating

« Swarm is currently providing good-quality measurements of the equatorial electrojet magnetic signature
« The Swarm EEF chain is successfully processing data to produce estimates of the equatorial electric field (EEF)

« Future work will include validating EEF estimates against independent measurements from ground radar systems
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