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Abstract 

Interactions between the solar wind and magnetosphere provide the dawn-to-dusk convection 
electric field in the outer magnetosphere, which propagates to the polar ionosphere 
accompanying the Region-1 field-aligned currents (R1 FACs) and drives DP2 currents in the 
global ionosphere. The DP2 currents are composed of twin current vortices at high latitude and 
an eastward electrojet (e-EJ) at the dayside equator. An electric field associated with the DP2 
currents causes dramatic changes in the mid- and low-latitude ionosphere during geomagnetic 
storms: Enhancements in the total electron content, formation of F3 layer and plasma 
irregularities, and so on. The electric field is further transmitted into the inner magnetosphere, 
causing earthward motion of magnetospheric plasma and generating an asymmetric ring 
current. The ring current generates the R2 FACs in the inner magnetosphere, providing the 
dusk-to-dawn shielding/overshielding electric field to the ionosphere. The 
shielding/overshielding electric field intensifies the auroral electrojets and sunward plasma flow 
in the auroral ionosphere, while the overshielding electric field causes reversed currents at 
subauroral-equatorial latitudes, in particular, a westward electrojet (w-EJ) at the dayside 
equator. The dawn-to-dusk convection electric field penetrates to low latitude during the 
growth phase of substorms and main phase of geomagnetic storms, while the dusk-to-dawn 
overshielding electric field penetrates during the substorm expansion phase and at the 
beginning of storm recovery phase. Alternate penetration of these electric fields causes quasi-
periodic DP2 fluctuations with a period of 30-60 min. Transmission of the electric field from the 
polar ionosphere to the equator is found to be instantaneous within a few seconds from the 
observations of simultaneous onset of the global preliminary impulse of geomagnetic sudden 
commencements. Ground-based and satellite observations infer an active role of the ionosphere 
in driving plasma motion in the plasmasphere and inner magnetosphere. The Earth-ionosphere 
waveguide model would be applicable to explain the instantaneous transmission of the electric 
field to the low latitude ionosphere and the prompt penetration to the inner magnetosphere. 


