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Dynamics of ionospheric plasma are controlled to a large degree by geomagnetic activity. In the polar regions the 
ionosphere is directly coupled to the magnetosphere and to space plasma, and it also plays a role in energy transfer 
into the neutral atmosphere. This dynamic coupling often results in plasma instabilities and turbulence.  There are 
numerous drivers for plasma structuring at high latitudes, including flow shears, auroral particle precipitation, or 
polar cap patches. The resulting plasma irregularities can alter the propagation of trans-ionospheric radio waves, 
leading to scintillations in the received signal. Consequently, they can degrade communication or positioning with 
the Global Navigation Satellite Systems (GNSS), such as GPS or Galileo. Thus, ionospheric plasma structuring 
and irregularities at high latitudes are important aspects of the space weather system and their understanding is 
vital for modeling of the state of the ionosphere and building the capability of predicting and mitigating severe 
space weather effects in the polar regions. 

We present case and statistical studies on formation of plasma irregularities in the polar regions, in both 
hemispheres. We combine the ground-based observations from the Arctic and from Antarctica with in-situ and 
remote studies by sounding rockets and satellites. We consider the role of auroral particle precipitation and 
demonstrate that the strongest plasma structuring is related to the edges of the auroral oval [1]. The results from 
recent climatological studies of the global occurrence of irregularities and plasma variability based on the satellite 
data are also presented in the context of the space weather effects observed with the ground-based 
instruments [2,3]. We also discuss our ongoing initiatives which aim at developing models and forecasting 
services for the space weather effects in the polar regions, their status, challenges, and prospects. 
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