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Summary:

Stratospheric Sudden Warming (SSW) events give us the opportunity to study how strong disturbances in the stratosphere
propagate upwards, change mesospheric and thermospheric dynamics, and affect the ionosphere. Although during the recent
solar minimum clear ionospheric signals due to SSW events could be observed, it is still unclear what the major coupling
processes of the atmosphere-ionosphere are.

The main science objective of this proposal is to understand what are the major processes which influence the ionosphere
during SSW periods, and to elucidate their sensitivity with respect to geospace conditions. The NCAR-Thermosphere-
lonosphere-Mesopshere-Electrodynamic General Circulation Model (TIME-GCM) will be used to self-consistently simulate
different SSW events. The lonosphere-Plasmasphere-Electrodynamics (IPE) model will be driven by the TIME-GCM results to
examine the importance of the major coupling mechanisms. We will focus on two mechanisms that have been proposed to
explain effects observed in the F-region ionosphere: electrodynamic coupling via electric fields modulated by waves and tides
mainly in the E region during the day and in the F region at night, and direct penetration of tidal disturbances to the upper
thermosphere. We will quantify their relative importance during the evolution of SSW events with respect to latitude for both day
and night time.

For space weather applications it is important to understand the influence of the solar cycle on the ionosphere during SSW
events. Using realistic SSW events we will study the ionospheric SSW effects for different levels of solar activity, and examine if
the major atmosphere-ionosphere coupling mechanisms are changing. Modeling results have shown that the geomagnetic
disturbance signals in the ionosphere are stronger when planetary wave forcing is included at the lower boundary. Using
numerical simulations we will investigate if there are positive feedback mechanisms between meteorological and geospace
forcing. SSW events originate in the polar winter stratosphere due to strong planetary wave activity. The ionosphere at low and
middle latitudes exhibits decreases in zonal mean NmF2 and hmF2 as seen by, e.g., COSMIC, with a 2-4 day delay from the
stratospheric temperature maximum. We will quantify the simulated ionospheric SSW effects at all latitudes, compare with
observations, and investigate possible mechanisms.

Ground magnetic perturbation observations have a long historical record and a wide-spread spatial distribution. Signatures of
SSW are seen in the ground magnetic perturbations. At low latitude the magnetic perturbations can be used to quantify the
strength of the equatorial electrojet. In the afternoon a counter-electrojet has been reported during SSW events. We will use the
TIME-GCM to calculate ground magnetic perturbations and the current system. We will examine the effects of SSW events on
the magnetic perturbations, and determine how ground magnetic perturbations can be used to study ionospheric SSW signals
and the atmosphere-ionosphere coupling.
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The proposal addresses NASA strategic goal 2 Expand scientific understanding of the Earth and the universe in which we

live , specifically the objective Improve understanding of the fundamental physical processes of the space environment from
the Sun to Earth& . Understanding the causes of ionospheric variability is important since these can lead to ionospheric
irregularities and scintillations of communication and navigation systems. The outcome of this study will help guide
improvements to space weather models by elucidating the importance of different coupling mechanisms. Model simulations and
processed model data will be made available to the scientific community through this investigation, further extending its impact.
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