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Feasibility study of ionospheric ion velocity reconstruction method for monostatic
and multi-beam EISCAT 3D radar observation

#Mizuki Fukizawal), Yasunobu Ogawal) ,Koji Nishimura?, Takanori Nishiyamal) _Taishi Hashimoto!), Takuo Tsuda3
(INational Institute of Polar Research, ?Kyoto University,®University of Electro-Communications

EISCAT_3D radar (E3D) is the world’s first multi-static phased-array incoherent scatter radar to observe the three-
dimensional (3-D) distribution of ionospheric physical parameters with high temporal resolution. E3D is planned to consist
of a central active (transmitting/receiving) site (“core”) and four receive-only sites. Currently, the core site in Skibotn,
Norway (geographic latitude (GLAT): 69.340 degrees, geographic longitude (GLON): 20.313 degrees), and receiving
sites in Karesuvanto, Finland (GLAT: 68.463 degrees, GLON: 22.458 degrees) and Kaiseniemi, Sweden (GLAT: 68.267
degrees, GLON: 19.448 degrees) are under construction. The E3D is capable of deriving the 3-D distribution of ionospheric
ion velocity vectors from multi-beam observations from at least three stations. These observations will contribute to the
understanding of the magnetosphere-ionosphere-thermosphere coupling process. The E3D observation is scheduled to start
in 2024 with one station, followed by a three-station observation system. In this study, a method to reconstruct the 3-D
distribution of ionospheric ion velocity vectors from line-of-sight (LOS) ion velocity observation data by monostatic and
multi-beams was investigated.

In the Common Program of E3D, which is the common experiment to all member countries of the EISCAT Scientific
Association, a total of 27 beams (10 low-elevation beams, 10 high-elevation beams, and 7 meridional beams) are suggested
to be used for observations. For the low-elevation beams, the azimuth and zenith angles were determined so that the beam
points are equi-latitudinally spaced on the meridian +/-150 km east-west from the core site at an altitude of 250 km. The
azimuth and zenith angles of the high-elevation beams were then determined by tracing the magnetic field lines from the 110
km altitude of these beams to the 250 km altitude and passing through these points. For the meridian beams, we determined
four beams with elevation angles of 30 and 60 degrees for azimuth angles of 0 and 180 degrees, respectively; two beams with
vertical and magnetic zenith directions; and two beams with an azimuth angle of 180 degrees and elevation angle of 60 +/- 6
degrees.

From the LOS ion velocity observations at an altitude of 250 km by the 27 beams determined in this way, the ion velocity
vectors were derived using data from three adjacent observation points. The number of grids (north-south x east-west)
connecting the three adjacent points was 8 x 2 grids for a range of 4+/-30 km in the east-west direction from the core site
and 6 x 4 grids for a range of +/-150 km. The spatial resolution in the north-south direction was approximately 30 km and
60 km, respectively. In order to generate pseudo-E3D observation data, the atmosphere-ionosphere coupling model GAIA
(Ground-to-topside model of Atmosphere and Ionosphere for Aeronomy) was used. The projected component of the GAIA’s
ion velocity to the 27 beam directions in E3D was obtained as the E3D LOS ion velocity observation data. The ion velocity
vectors were then derived from the pseudo-E3D observation data at three adjacent points. As a result, the original GAIA data
were reproduced well. However, since this derivation assumes that the ion velocity is constant at the three adjacent points, it
was confirmed that the error tends to be large at the edge of the field of view, where the spacing between the three beams is
large.

As another method, a linearly constrained least-squares problem is set up and the ion velocity vector is derived using the
Lagrange multiplier method. As a constraint condition, the ionospheric ion velocity above the 200 km altitude is assumed
to follow the E x B drift, and the rotation and divergence of the ion velocity in the horizontal plane are given zero based
on Gauss’s law and Faraday’s law under the conditions of electric neutrality and a steady state magnetic field. Under these
conditions, we are considering problem setups that minimize the first- and second-order derivatives of the ion velocity in the
spatial direction. In the presentation, we will also show the results of these methods.

The dataset used for this study is from the GAIA project carried out by the National Institute of Information and
Communications Technology, Kyushu University, and Seikei University.
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