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Development of a three-dimensional global ionospheric electrostatic potential solver

#Takuya ljuirt),Akimasa Yoshikaw&
(IKyushu Univ.2ICSWSE/Kyushu Univ.

We are developing a global ionospheric electrostatic potential solver to investigate a magnetosphere-ionosphere-atmosphere
coupling system. There are mainly two problems in previous studies. First, some potential solvers focus on the coupling of
magnetosphere and ionosphere, and others focus on the coupling of atmosphere and ionosphere. However, only a few solvers
that consider both couplings at the same time. Second, some solvers adopt the dipole magnetic field model and the thin
shell model. The thin shell model regards the ionosphere as an infinitely thin layer assuming that the radial component has
extremely low current density. These assumptions are valid at a high latitudinal ionosphere, but they are not suitable at a low
and middle one.

To solve these problems, we implemented the International Geomagnetic Reference Field (IGRF) model and assumed the
equipotentiality of the magnetic field line. The latter comes from the fact that parallel conductivity is much larger than Ped-
ersen and Hall conductivity. Moreover, as the most important point of this solver, we can reconstruct the three-dimensional
distribution of any quantities, such as electrostatic potential and current density, from the equipotentiality, even though the
equation for electrostatic potential is a two-dimensional elliptic partial differential equation. The input parameters are dis-
tribution of conductivity, neutral wind, current density from magnetosphere (Region-1 FAC and Region-2 FAC), and date.
We used the modified magnetic apex coordinate system for implement the equation. At the present stage, we calculate a
distribution of conductivities by using NRLMSISE-00 and IRI-2016 for number densities and temperatures, and leda [2020]
for collision frequencies. In this talk, we will introduce the development process of this solver and report the initial results of
numerical simulations.
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