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Abstract

Estimation of the ionospheric conductance is a crucial step in coupling the magnetosphere & ionosphere (MI). Since the high-
latitude ionosphere closes magnetospheric currents, conductance in this region is pivotal to examine & predict MI coupling
dynamics, especially during extreme events. In spite of its importance, only recently have impacts of key magnetospheric &
ionospheric contributors affecting auroral conductance (e.g., particle distribution, ring current, anomalous heating, etc.) been
explored using global models. Addressing these uncertainties require new capabilities in global magnetosphere - ionosphere -
thermosphere models, in order to self-consistently obtain the multi-scale, dynamic sources of conductance. This work presents
the new MAGNetosphere - Ionosphere - Thermosphere (MAGNIT) auroral conductance model, which delivers the requisite
capabilities to fully explore the sources of conductance & their impacts. MAGNIT has been integrated into the Space Weather
Modeling Framework to couple dynamically with the BATSRUS magnetohydrodynamic (MHD) model, the Rice Convection
Model (RCM) of the ring current, the Ridley Ionosphere Model (RIM) & the Global Ionosphere Thermosphere Model (GITM).
This new model is used to address the precise impact of diverse conductance contributors during geomagnetic events. First,
the coupled MHD-RIM-MAGNIT model is used to establish diffuse & discrete precipitation using kinetic theory. The key
innovation is to include the capability of using distinct particle distribution functions (PDF) in a global model: in this study,
we explore precipitation fluxes estimated using isotropic Maxwellian & Kappa PDFs. RCM is then included to investigate the
effect of the ring current. Precipitating flux computed on closed field lines by RCM is compared against MAGNIT results, to
show that expected results are alike. Lastly, GITM is coupled to study the impact of the ionosphere thermosphere system.
Using the MAGNIT model, aforementioned conductance sources are progressively applied in idealized simulations & compared
against the OVATION Prime Model. Finally, data-model comparisons against SSUSI, AMPERE & SuperMAG measurements
during the March 17, 2013 Storm are shown. Results show remarkable progress of conductance modeling & MI coupling layouts

in global models.
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INTRODUCTION & SCIENTIFIC BACKGROUND [T ITTIE

Can accurate estimation Of the ionospheric How do we predict Space Weather? What science problems affect predictions? How do we know predictions are accurate? What are we changing? 1. How do we account for all conductance sources?
" , Space Weather can be predicted using | One of the major issues with global | Prediction efficiency of a given model is tested | We propose to improve models used to predict 2 Which source(s) 's most dominant for given condition?
conductlwty In the auroral region hG'p observational and physics-based tools. Most | models is the inaccurate prediction of the | based on the accuracy of prediction of the time-| the auroral conductance in MHD, and replace | | I '
improve our Space weather oredictions? commonly used predictive tool are global | ionospheric conductance, which causes | varying magnetic field on the ground (dB/dt). Based | them with more physics to capture the 3. What are our present numerical capabilities and how
p P p ' magnetohydrodynamic (MHD) models>®'’. | underprediction of storm-time indices®. on skill scores, a model’s accuracy is defined*. precipitative processes more accurately. can we improve?

METHODOLOGY & RESULTS : M-I COUPLING IN GLOBAL MODELS
PRESENT CAPABILITIES ~ ONGOING

LEGACY MODEL

M-I Coupling in the SWMF (Legacy Model) - Conductance Model for Extreme Events (CMEE) MAGNIT Physics-Based Conductance Model Two-Way Coupling to GITM
SWMEF allows passage of field aligned currents (owargs Su The original empirical model relating auroral conductance | Using elementary kinetic theory, we derive the diffuse and discrete | Conductance Input from the Global lonosphere
(FACs) onto a 2D ionosphere to apply Ohm’s Law in = g with FACs was based on one month of AMIE data. We | particle flux and energy flux for a Maxwell-Boltzmann distribution. The | Thermosphere Model (GITM) will help us get realistic
order to estimate the electric potential in the o improved on this work to develop another empirical model | total energy flux divided by the particle flux gives us the average | ionospheric dynamics.
lonosphere. For this to work, the ionospheric condu- Directional Lagand for that uses one year of AMIE data, choosing the year of 2003 | energy. Using the average energy and the energy flux, we derive the | [See Burleigh et al. 2019, Paper No. SA41B-3168]
ctance in the aurora is assumed dependent on FACs. reading Dial Plot 10 Include extreme space weather activities in our dataset. conductance using the relation from [11]. 2 {1-Way GITH Coupled) 150 2,y (2-Way GITM Coupled) .15,
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