Feasibility study of the global MHD simulation code toward reanalysis of the space weather
phenomena

Shigeru Fujita*?, Sin’ya Nakano®, Akira Kadokura?, Yoshimasa Tanaka?, Ryuho Kataoka?, Aoi Nakamizo®, Yoshibumi
Kubota®, Keisuke Hosokawa®, and Satoko Saita®
!Meteorological College
National Institute of Polar Research
3The Institute of Statistical Mathematics
“National Institute of Information and Communications Technology
5The University of Electro-Communications
®National Institute of Technology, Kitakyushu College

We hardly obtain the accurate 3-D image of the magnetospheric phenomena only from the observations because the direct (in-
situ) observations in the magnetosphere are sparse. Numerical simulations that accurately solve physics's first-principles are
powerful tools for studying phenomena occurring in the magnetosphere. Thus, the global simulation of the magnetosphere-
ionosphere system can be useful to magnetospheric physics because it produces the magnetosphere's physically reasonable state.
For this purpose, we need to confirm the accuracy of the simulation results. This project's final target is to present the reanalysis
data in the magnetosphere-ionosphere system from the observation data and the simulation with the data assimilation technique.

There are a few global MHD simulation codes solving MHD equations in the magnetosphere-ionosphere coupled system in the
world; for example, the BAT-U-RS [Powell et al., 1999], LFM [Lyon et al., 2004], and GUMICS [Janhunen et al., 2012]. Among
them, the global MHD simulation code that named REPPU (REProduce Plasma universe) developed by Tanaka [Tanaka, 2015]
has the prominent property; it can reproduce the ionospheric features of the magnetospheric phenomena better than other MHD
codes. For example, it reproduces the realistic ground magnetic variations associated with the Sudden Commencement [Fujita
et al., 2003], the westward traveling surge associated with the substorm onset [Ebihara and Tanaka, 2015], and the horse-shoe
auroras in the northward IMF condition [Tanaka et al., 2017]. Since the ionospheric and ground-based observations are far-more
globally arranged compared with the in-situ magnetospheric observations, the REPPU code is suitable to reproduce the
appropriate grid-point data of the magnetosphere-ionosphere region by confirming the simulation results in the ionosphere with
the observations. However, REPPU code uses free parameters determining the ionospheric conductivities, which can be
determined from assimilation between the simulation and the observation. Thus, we try to determine the free parameters from
the data assimilation.

Before applying the assimilation technique to the REPPU code, we need to know that the present REPPU code uses limited
information of the IMF (only By and Bz) and solar wind velocity (only Vx) because the REPPU has been mainly used for
investigating fundamental physical processes of the magnetospheric phenomena. The new REPPU code also incorporates the
effect of the magnetic axis’s seasonal tilt with respect to the ecliptic plane and that of the magnetic axis’s rotation around the
Earth's rotation axis. NICT first made this improvement for the operational space weather forecasts, and we made a new REPPU
code independently of NICT to obtain the code used for the assimilation study.

As the first step toward the assimilation study based on the improved REPPU code, we compare the simulation results based
on the non-assimilative parameters determined empirically and the superDARN potential data. If the comparison shows
considerably good correspondence between the simulation results and the observed one, we can consider that the improved
REPPU code is affordable for the data assimilation. The results will be open in the talk.

References

Ebihara, Y., and Tanaka, T. (2015), Substorm simulation: Formation of westward traveling surge, J. Geophys. Res. Space
Physics, 120, 10,466-10,484, doi:10.1002/2015JA021697.

Fujita, S., T. Tanaka, T. Kikuchi, K. Fujimoto, K. Hosokawa, and M. Itonaga (2003), A numerical simulation of the
geomagnetic sudden commencement: 1. Generation of the field-aligned current associated with the preliminary impulse, J.
Geophys. Res., 108(A12), 1416, doi:10.1029/2002JA009407.

Janhunen, P., M. Palmroth, T. Laitinen, I. Honkonen, L. Juusola, G. Facsko, and T. I. Pulkkinen (2012), The GUMICS-4
global MHD magnetosphere-ionosphere coupling simulation, J. Atmosp. Solar-Terr. Phys., 80, 48-59.



Lyon, J. G., J. A. Fedder, and C. M. Mobarry (2004), The Lyon-Fedder-Mobarry (LFM) global MHD magnetospheric
simulation code, J. Atmos. Sol. Terr. Phys., 66 1333-1350.

Powell, K. G., P. L. Roe, T. J. Linde, T. I. Gombosi, and D. L. De Zeeuw (1999), A Solution-Adaptive Upwind Scheme for
Ideal Magnetohydrodynamics, J. Comput. Phys., 154, 284-309, https://doi.org/10.1006/jcph.1999.6299.

Tanaka, T. (2015), Substorm auroral dynamics reproduced by the advanced global M-I coupling simulation, In Auroral
dynamics and space weather, Geophys. Monogr. Ser., vol. 215, edited by Y. Zhang and L. J. Paxton, p. 177, doi:
10.1002/9781118978719, AGU, Washington D. C.

Tanaka, T., T. Obara, M. Watanabe, S. Fujita, Y. Ebihara, and R. Kataoka (2017), Formation of the Sun-aligned arc region and
the void (polar slot) under the null-separator structure, J. Geophys. Res. Space Physics, 122, doi:10.1002/2016JA023584.



