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Simulations on the three-dimensional structures of the Es layers around Arecibo
radar
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In this study, we investigated the three-dimensional structure of the sporadic E layer (Es layer) around Arecibo radar
by combining the newly developed three-dimensional ionospheric model with Mg ions and the neutral winds of the global
atmospheric model.

The Es layer is a dense plasma layer occurring in the ionospheric E region. It is widely recognized that the vertical shear of
the horizontal winds is important for formation of the Es layers. In a previous study, we investigated the temporal evolution
of three-dimensional structures of the Es layers around Japan and argued that, below 110 km altitude, the structure of the Es
layer does not reflect the structure of the vertical shear of the horizontal winds because the semi-diurnal tides, which create
vertical shear of the horizontal winds, are weak.

Arecibo radar is located in the geomagnetic mid-latitude zone like Japan (29 degrees geomagnetic latitude north). However,
it is geographically located in the lower latitudes ("18 degrees geographic latitude north), and the behavior of the winds in
the lower ionosphere is different. Therefore, it is necessary to investigate the three-dimensional structures of the Es layers,
because the behavior of the sporadic E can be different.

In this study, we first compared the temporal variation of the electron density profiles observed by the Arecibo radar with the
numerical results. Consequently, it was confirmed that the present numerical model can reproduce the semi-diurnal/diurnal
Es layers observed by the Arecibo radar, especially the diurnal Es layers at low altitudes. Next, we investigated the three-
dimensional structures of the Es layer from the obtained numerical results. As a result, the Es layer has a thin and elongated
frontal structure with a width of "100 km and a horizontal scale of more than 1000 km, which reflects the structure of the
vertical shear of the horizontal winds, even at an altitude of about 100 km. The vertical shear of the horizontal wind was
generated by the diurnal tides prevailing below 110 km altitude in the geographic low latitudes. From the above results,
we found that, in the geomagnetic mid-latitudes where the Es layer tends to occur, the Es layer can show different three-
dimensional structures depending on the geographic latitude corresponding to the geomagnetic latitude where the layers
appear.
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