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This work investigates the spatio-temporal features of electron density distribution in the high- and mid-latitude E and F regions, as well as the topside ionosphere, during geomagnetic storms. Using the Global Self-consistent Model of Thermosphere, Ionosphere, and Protonosphere (GSM TIP), we identify several novel aspects of ionospheric physics and morphology during and after geomagnetic storms: 1) the high-latitude positive vertical total electron content (TEC) response with maximum in winter; 2) the longitudinal dependence of positive daytime after-storm disturbances in F-region electron density with maximum in Asia sector. The modeled features are validated through a comparative analysis with independent simulation results and various experimental data, including manually scaled ionosonde parameters, all-sky imager observations, and TEC derived from GPS/GLONASS measurements. Additionally, the study examines global and regional electron content variations during disturbed periods. Our results demonstrate the reliability of the GSM TIP model in capturing complex ionospheric responses. Finally, we highlight the necessity of further validation using unique topside sounding data from the newly launched Ionosphere-M satellite constellation.
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