- Statistical study of field-aligned currents and -
equivalent currents based on Swarm constellation

Outstanding Student . : 10 1

- L} ' - . " .1"- ‘l:-t‘};‘, ‘ h! .‘ '!.. .*',O -l .. .: . w IF‘ “ - . . ' 3
Poster & PICO Contest : . .. _

EGU201 7-4723 - o ' : o .':‘.. o ".‘".‘ “_ éij“’,: .: 4 ‘_‘; -J. l; PR | /s ".._ : - ) ! :: -k-i._.:;_‘,‘. C ".. /. . - :'" : . ‘ | : - - ‘ ...'
Introduction The Swarm and IMF datasets Estimating equivalent current

The 10nospheric currents comprise Pedersen currents, Hall " - - -
currents, and Field-aligned currents (FACs) at high latitude. & Dz nierval Allfue: 520 S v’ Estimating equivalent current

April 2014 --17 April 2017 | £, (Ref: Olsen 1996; Ritter et al., 2004)

. . ot g Swérm B
The first representative FAC distribution was reported by Infinite line current assump‘[ion
using the magnetometer measurements from Triad satellite, € IMF and solar wind data: Y 7 6kmis ul  h

in which FAC follows a double ring pattern. Region 1 (R1) - : b, = — ,
currents are located in the poleward, flowing into the LT T i L S Swarm’A Swarm C § 21 %4+ h4 I
ionosphere on the dawn side and out on the dusk side. ) Altitude: 460 km pol  x .
Region 2 (R2) currents are located a few degrees [ v SWARM FAC estimate ImERgiIde separatio b, = — e 110km Altitude
equatorward flowing in the opposite direction to RI1. | . Swarm constellation AF = |B + b| — |B|
Previous observations have shown that IMF orientation and (Luhr et al.2015,Wang et al. 2005) B-b AF =G -1
seasonal differences have influences on the distribution of > I =(GTAG) 1GAF

. FAC.

» Vertical current density: AF = |B|

1
J, =— f By - dl CHAOS Model: |B + b| is the measured scalar field and |B| is the

| Hall currents are the most intensive in the ionosphere. As u . e
standard pattern they form the auroral electrojets flowing , core field, BAPCEMEOERE IMAENEHE- WCld. TEPReSCtEeh oy (EXR0S
» Current along the field line: Crustal field, model.

F.' anti-sunward both on the dawn and dusk sides. Sunward

~ return currents are flowing over the polar cap. Traditionally, Iz external field : i '
- Hall currents are studied from ground-based observations. Ji = sin | The intensity of each of 160 line currents

| But they can derive only equivalent currents. I is the magnetic inclination considered for the modelling can be derived

- The relationship between high-latitude FACs and the Hall Merging electric field : (Newell et al. [2007]) frm:n i lpversmn of the Ol?served field

- | electrojets has been studied by some works though it is not 2 g residuals using a least-square-fitting approach.

- conclusive. ESA’s constellation mission, Swarm provides us 1 = 3 3/6
\1 B; + BZ | sin ( )

Ring current effect
Removal of trend (zero at 50°)

. the opportunity to simultaneously study both the FAC and En = Vs?/v 2

equivalent current in the 1onosphere. : 3000

Distribution of field-aligned currents and equivalent currents
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Figure 1. FAC distributions in the (top) local summer Figure 2. Same to Figure 1 but for equivalent current distribution
and (bottom) local winter (left) Northern Hemisphere
and (right) Southern Hemisphere.

Schematic drawing
of equivalent current

Summary Reference

Lihr, H., J. Park, J. W. Gjerloev, J. Rauberg, I. Michaelis, J. M. G. Merayo,and P. Brauer, Field-
The FAC patterns are derived from the dual-spacecraft method, which pI‘OVIdeS more aligned currents® scale analysis performed with the Swarm constellation, Geophys. Res. Lett., 42,

reliable results in particular at polar cap latitudes. Overall, the obtained FAC distribution is ebulor LU0 C e gat et . . .
Olsen, N, A new tool for determining 1ionospheric currents from magnetic satellite data, Geophys.

consistent with previous results. Res. Lett., 23(24), 3635, doi: 10.1029/96GL.02896, 1996.
The auroral electrojets are closely controlled by the solar wind input represented by the Ritter, P., Liihr, H., Viljanen, A., Amm, O., Pulkkinen, A., and Sillanp&, I, lonospheric currents

merging electric field. The eastward electroj et on the dawnside shows a seasonal estimated simultaneously from CHAMP satelliteand IMAGE ground- based magnetic field
d d flecting the dif measurements: a statisticalstudy at auroral latitudes, Ann. Geophys., 22, 417-430,
cpenacnce reiicclng e di

‘erence 1n 1onospheric conductivity. Conversely, the westward doi:10.5194/ange0-22-417-2004, 2004.
electrojet does not change much over the seasons or on di

The intensity of polar cap return currents 1s directly proportioned to 1onospheric
.. ty P P , , y PP P o Wang, H., H. Liihr, and S. Y. Ma, Solar zenith angle and merging electric field control of field-
COl’ldLlCthlty. The current flow 1s not homogenouSIY distributed over the polar cap, 1t 18 aligned currents: A statistical study of the Southern Hemisphere, J. Geophys. Res. Space Phys.,

strongly dependent on the IMF By orientation. 110(A3), A03306, doi:10.1029/2004JA010530, 2005.
In the noon sector the direction of equivalent currents is highly dependent on IMF B
. . . quivd “ sty Gep y Acknowledgements
orientation. In case of positive IMF B, equivalent currents are related to the NBZ system, — " " MRt e Ca e —— p
which 1s practically absent during winter in the dark hemisphere. For negative IMF B, © HIopean Space genf:y( ) 1s acknowle ged for providing the Swarm data
dit . o1 q 4 h d q and for financially supporting the work on developing the Swarm Level 2 Product
conditions more 1ntense equivalent currents appear around noon with the same dependence “EAC”. Hui Wang and Tao Huang acknowledge support from the National Nature

on IMF B,. They are related to the DPY system. Science Foundation of China (No. 41674153, 41521063, 41431073). The work of
Equivalent currents around the midnight sector are related to substorm activity. Their Tao Huang at GFZ Potsdam is supported by the China Scholarship Council (No.
intensity 1s closely controlled by magnetic activity. They show little dependence on season 201506270072).

when normalized to a fixed level of magnetic activity.

‘erent IMF B ’ orientations. Ritter, P., H. Liihr, and J. Rauberg, Determining field-aligned currents with the Swarm
constellation mission, Earth Planets Space, 65, 1285-1294, doi:10.5047/eps.2013.09. 006, 2013.

More 5 New features of ionospheric horizontal N Tao Huang
current are revealed in our recent studies. Vs huangtao@gfz-potsdam.de

ﬁ H E L M H 0 LT Z ; b HELMHOLTZ CENTRE POTSDAM

GFZ GERMAN RESEARCH CENTRE

Helmholtz Centre ‘. ‘ ASSOCIATION ; FOR GEOSCIENCES

PorTsbAm




