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Simulation study on dependence of substorm evolution on solar wind condition
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A substorm is one of the remarkable disturbances occurring in the magnetosphere. It is known that the substorm is happene
frequently when the interplanetary magnetic field (IMF) is southward and solar wind velocity is high. However, the physical
process to determine substorm scale is not well understood. We reproduced substorms by using global MHD simulation, foun
auroral electrojet flowing in the ionosphere and investigated the dependence of substorm evolution on solar wind condition. Sole
wind speed 372.4 km/s and northward 5.0 nT IMF was given, we created the stationary state of the magnetosphere. Then tt
solar wind parameters were changed in step function as follows and substorms were generated. 3 kinds of solar wind spe¢
such as 300 km/s, 500 km/s and 700 km/s and 5 kinds of northward IMF Bz such as -1.0 nT, -3.0 nT, -5.0 nT, -7.0 nT and
-9.0 nT were assumed and the total of 15 simulations were performed. In order to objectively evaluate substorms intensity
onset was identified with reference to the method proposed by Newell et al. (2011). This method uses the SME index extend
the AE index. In this study, the geomagnetic variation generated by ionospheric Hall current is obtained every 1 degree fron
the magnetic latitude 40 degrees to 80 degrees and in every 0.5 hours in the magnetic region direction, then the upper and t
lower envelope of the geomagnetic variation is regarded as SMU index and SML index, respectively. The larger the solar winc
speed, the larger the southward IMF, the more the onset tends to be faster. This tendency is consistent with the onset occurrer
probability indicated by Newell et al. (2016). Furthermore, the minimum value of the SML index within 30 minutes from the
start of onset tends to decrease as the solar wind speed increased and as the southward IMF was larger. A rapid decrease of
SML index can be explained by a rapid increase of the field-aligned currents flowing in and out of the nightside ionosphere. This
means that electromagnetic energies flowing into the ionosphere increase abruptly. The analogy with electric circuit indicate
that the ionosphere is a load and dynamo is necessary in the magnetosphere. We will discuss the physical process defines
SML index from the point of energy flow from the solar wind to the ionosphere.
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