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Development of a 2D ionospheric global potential solver: GEMSIS project
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[1] Nagoya Univ.; [2] Nagoua Univ., IAR; [3] Solar-Terrestrial Environment Laboratory, Nagoya Univ.

The calculation of ionospheric potential and horizontal currents produced by a field-aligned current at the polar region has
been conducted vigorously in a few decades as Maekawa and Maeda (1978). Tsunomura (1999) presented global maps
potential, current, and magnetic fluctuation at the ground due to the current, all of which are consistent with many observations
However, many key problems remain to be solved such as the steep gradient of non-diagonal component of conductivity at th
equator, the vertical structure of potential (3D structure), and its instantaneous distribution or variation associated with subauror:
plasma convection at a strong storm time. It seems to be considered that reproduction of the equatorial jet current in the aboy
model is obvious as it solves only a hemisphere through the artificial damping of non-diagonal conductivity at equator. In these
circumstances, we have developed a 2D ionospheric global potential solver, covering both hemispheres, under the GEMSI
project. We will report the obtained results in this talk.

Hereafter, we explain the details and the initial results of our model. In our model, we solve the current continuity equation
by assuming that the ionosphere is a thin conducting sphere. The boundary value of the potential at the pole is provided by tt
adjacent values in each iteration step. The height-integrated ionospheric conductivity tensors are calculated using the MSIS-ES¢
(neutral gas density) and the IRI-2000 (electron density and temperature, and ionic composition) empirical atmospheric model
together with the Hardy-type auroral conductivity model. The inherent magnetic field is now assumed to be a dipole field, but
our code is applicable for any field line such as obtained from the IGRF model. We use the multigrid and SOR methods to
solve the elliptic equation, which can be extended to the 3D problem in the near future. By inputting the field-aligned current
data obtained from the Weimer (2005) reference model, we verify our calculation results with the Weimer’s potential data as ¢
benchmark test of our code. We find a good agreement with their statistically obtained patterns of the electric potential, alon
with the Tsunomura (1999) model. Our model also reproduces the equatorial jet current through the artificial damping of non-
diagonal conductivity. Meanwhile, we find that the stable solution is obtained without any damping treatment, thus we can asses
its physical meaning and applicability. The latitudinal grid resolution is as low as about 0.17 degree (1024 meshes) in ordel
to capture the steep gradient of the conductivity near the dip equator. The necessity of this high resolution is related with nc
explicit boundary condition assigned at the equator. It seems not to be obvious that the solution asymptotes to the equatori
jet currents as a finite Pedersen conductivity exists there. Next, we calculate the global distribution of magnetic fluctuations (F
and D components) at the ground due to an input field-aligned current and calculated horizontal currents using the Biot-Saval
law. We proceed with our analysis focusing on the effects of field-aligned current and conductivity patterns on the variation in
global magnetic fluctuation. We plan to analyze several storm events to make a direct quantitative comparison with satellite an
SuperDARN data.
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