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The purpose of this study is to understand the development of a global three-dimensional current system from the polar to
equatorial regions during substorms based on ground-based magnetic field observations and FM-CW electric field observa-
tions.

The polar ionospheric current system consists of Region 1 currents that fluctuate in conjunction with the magnetospheric
convection system and Region 2 currents that vary with the pressure gradient region of the inner magnetosphere [lijima and
Potemra, 1976, 1978]. In addition, at substorm onset, a current wedge (CW) current system develops that forms a current
closure similar to that of the R1 ocean current system.

The magnetic field variations associated with CW are prominent in the night-side mid to low-latitude regions. It was
modeled by McPherron et al.(1973). Using ground-based magnetic field data from MAGDAS and SuperMAG, we capture
the development of CW current systems during substorms. By comparing the results with electric field data from the FM-
CW Ionospheric Observatory installed by Kyushu University in Paratunka (PTK), Russia, we analyze the electromagnetic
response in the mid- and low-latitude regions.

In this research, we investigated 418 quiet event (pre-substorm electric field was within == 2mV/m from one hour before
onset to onset), out of 1790 isolated substorm cases that occurred between September 21, 2006, and December 31, 2010,
when PTK was on the night side (19:00-24:00, 0:00-05:00). Among these 418 cases, we compared the electric and magnetic
fields for the 50 cases in which the electric field fluctuated more than &= 2 mV/m with substorm onset. As a result, we found
that the amplitude of electric field fluctuations correlates with the intensity of the westward auroral electrojet. Furthermore,
we found that the direction of the electric field is correlated with the Hall polarization effect induced by the ionospheric
currents excited by the CW [Yoshikawa et al., 2013], by classifying the relative position of the CW and the observation point
from mid-latitude magnetic field data.

On the other hand, significant fluctuations were not observed at the onset in many other events (368/418) compared to the
pre-substorm fluctuations. In investigating these events, we found that even at the same auroral electrojet intensity and local
time, electric fields fluctuated significantly in some cases, but not in others. Therefore, we believe that the magnitude of
electric field fluctuations reflects not only the auroral electrojet and CW, but also the background magnetosphere/ionosphere
conditions and the solar wind conditions. In this presentation, we report the results of a comprehensive discussion of night-
side electric field variations during substorms, based on a detailed classification of geomagnetic disturbances, analyzed in
combination with the Kp index and the IMF Bz of the solar wind, in addition to the index (SML) of substorms.
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