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Radio waves used by Global Navigation Satellite System (GNSS) and satellite broadcasting and communications pass
through the Earth’s ionosphere. Plasma bubble, which is a localized plasma density depletion in the ionosphere and contains
plasma density irregularities, affects radio waves passing through itself. Although the plasma bubbles are initiated at
magnetic equator, recent GNSS observations have revealed the existence of a small number of plasma bubbles that reach mid
or high latitudes. However, the conditions in which plasma bubbles extend to mid or high latitudes has not been clarified.
In this study, we investigate relationship between poleward extension velocity of plasma bubble and ionospheric upward
velocity at magnetic equator to clarify in which conditions, plasma bubbles reach mid-latitudes.

In this study, Total Electron Content (TEC) data obtained from GNSS receivers during the 11-year period from 2012 to
2022 in the American longitudinal sector (230° to 330° longitude), where many GNSS receivers are installed widely from
the equator to high latitudes were analyzed. Virtual height of the F layer (h’F) from an ionosonde at Jicamarca (12° S,
283.2° E) were also used. From the GNSS-TEC data, two-dimensional map of Rate of TEC index (ROTI) representing
ionospheric electron density irregularities are obtained. Mid-latitude plasma bubble is defined as an event in which a region
of ROTI exceeding 0.5 TECU/min (1 TECU=10"16 m"(-2)) extends from the vicinity of the magnetic equator to more than
30° magnetic latitude. In this study 48 mid-latitude plasma bubbles are found. To derive poleward extension velocity
of plasma bubbles, the following procedures are carried out. The maximum ROTI is determined for each latitude in the
longitudinal range from 230° to 330° . The poleward extension velocity of plasma bubble is derived from the slope of
the enhanced ROTI region in the time-latitude cross-section of the maximum ROTI. The average value was about 500
m/s. Ionospheric upward velocity over the magnetic equator was also derived from the rate of increase in h’F data from an
ionosonde at Jicamarca. The average value was about 18 m/s. Comparing the poleward extension velocity in the enhanced
ROTT region with the ionospheric upward velocity, we find that the poleward extension velocity in the enhanced ROTI region
increases with increasing ionospheric upward velocity. This result indicates poleward extension velocity of plasma bubble
increases with the increase in the eastward electric field at the magnetic equator through the Rayleigh-Taylor instability. We
also find that relationship between the maximum arrival magnetic latitude of the enhanced ROTI region and the ionospheric
upward velocity is not discernible. We speculate that the maximum latitude of mid-latitude plasma bubbles depends on not
only the eastward electric field at the magnetic equator but also the condition of the ionosphere where the plasma bubbles
extend.
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