Validation of first-principle models results of the different scale ionospheric phenomena at high- and mid-latitude
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The spatio-temporal distribution of various parameters (concentration, velocity, and temperature of neutral and charged particles) of the near-Earth space environment has a significant effect on the satellite drag and on the conditions for the propagation of radio signals through the ionosphere. Thus, the Earth's ionosphere affects the operation of communication systems of space, aircraft and sea vessels, over-the-horizon radar and global navigation systems. The currently existing empirical and first principal’s models of the ionosphere used as environment models when solving problems of radio wave propagation do not accurately describe the parameters of the environment, especially during periods of various magnetospheric (geomagnetic storms and substorms) and atmospheric disturbances. The purpose of this work is to review recent studies and subsequent interpretation the spatio-temporal features of the distribution of electron density in the high-latitude F-region and the topside ionosphere using the methods of mathematical modeling during period of geomagnetic storm. In this report we present a brief review of some novel aspects in ionospheric physics and morphology that was reveled by Global Self-consistent Model of Thermosphere, Ionosphere and Protonosphere (GSM TIP). At that GSM TIP model used along and as a part of whole atmosphere model (Entire Atmosphere GLobal model (EAGLE)) and magnetosphere-ionosphere model (GAMERA-GSM TIP). The existence of some modeled ionospheric features was proofed by other model results and validated using different ground-based and satellite measurements. For our validation effort we used the analysis of vertical TEC values from raw GPS/GLONASS measurements, SuperDARN and incoherent scatter radars data, ionosonde manually scaled data. It is important to note that the validations of highlighted ionospheric phenomena should be continued in order to reveal their statistical significance. Additionally to validation problem we investigated the global and regional electron content variations for all presented event in order to understand its possibility as ionospheric index. 
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