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Geomagnetic solar quiet (Sq) daily variation from the polar region to the middle and low latitudes is generated by two kinds
of global ionospheric currents flowing in the E-region of the ionosphere. One is mainly driven by ionospheric dynamo electric
field generated via interaction between the neutral wind and ionospheric charged particles in the middle- and low-latitude
regions of the lower thermosphere and ionosphere. The motion of the neutral particles is due to heat convection driven by solar
irradiance and tidal force of the sun and moon. The other is driven by the large-scale convection electric field carried into the
polar and subauroral-latitude ionosphere by a pair of field-aligned currents (FACs). The FAC intensity depends on the solar
wind, the magnitude and direction of interplanetary magnetic field (IMF) and magnetospheric plasma conditions. According to
Ohm’s law, the ionospheric currents strongly depend on ionospheric conductivity, polarization electric field and neutral wind
at a height of the E-region. Therefore, several signals of long-term variations in the ionospheric conductivity, electric field and
neutral wind in the lower thermosphere and ionosphere can be derived on the basis of investigation of the long-term variation
in the Sq amplitude. Using the long-term observation data of geomagnetic field obtained from 69 geomagnetic stations,
Shinbori et al. [2010] reported that a majority of trends in the residual Sq amplitude with solar activity removed showed a
decreasing trend during 1947-2013. This tendency was strong in the eastern part of Canada, Eorpope, and India. In this study,
we investigate the characteristics of the long-term variation in the ionospheric electric field estimated from the Sq variation
from the polar to the equatorial regions using the long-term observation data of geomagnetic field. These observation data have
been provided by Japanese institutes participating in the IUGONET (Inter-university Upper atmosphere Global Observation
NETwork) project [Hayashi et al., 2013; Abe et al., 2014; Tanaka et al., 2013] which started in FY 2009. In the present
analysis, we used the F10.7 solar flux as a good indicator of the variation in the solar irradiance in the EUV and UV range as
well as geomagnetic field data with time resolution of 1 hour obtained from more than 90 geomagnetic stations with data
availability period of more than 20 years. We determine the estward and northword components of the Sq variation from a
deviation from the baseline corresponding to the value at midnight every day when the Kp index is less than 4. As a result, the
long-term Sq variation showed a clear seasonal variation and solar activity dependence at all the geomagnetic stations. The
amplitude of the Sq variation tends to be enhanced significantly during high solar activity. During 2008-2009 (solar cycle
minimum 23/24), the Sq variation at all the investigated geomagnetic stations becomes the smallest. This depression is due to a
significant decrease of solar EUV and UV radiation responsible for ionization of upper atmosphere reported by Solomon et al.
[2010]. Moreover, we analyzed the long-term variation in the ionospheric electric field in the daytime estimated from the Sq
variation. In this electric field estimation, we used the height-integrated ionospheric conductivities calculated with our
developed tool [Koyama et al., 2014]. As a result, the zonal electric field in middle-low latitudes is directed westward and
eastward in the morning and afternoon sectors, respectively, while the meridional electric field is directed northward without
local time dependence. The mangintude of the zonal electric field showed a clear seasonal variation with maximum in the
summer and minimum in the winter. The long-term variation in the zonal electric field in the subauroral- to middle-latitude
regions shows that the magnitude of the electric field around the noon become small during high solar activity. But the
equatorial electric field tends to be enhanced during high solar activity.
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