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Estimate of the polar region potential pattern for the Carrington event from the Weimer (2005) empirical model.
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ABSTRACTS

Heliophysics Living With a Star (H-LWS) Program Abstracts of Selected Proposals (NNH17ZDA001N-LWS) 

FST #4 - Understanding Physical Processes in the Magnetosphere--Ionosphere / Thermosphere / Mesosphere System during Extreme Events

Natalia Buzulukova/University of Maryland, College Park
Quantifying solar wind-magnetosphere-ionosphere response to extreme driving conditions 

The proposal will seek to understand and quantify the solar wind-magnetosphere-ionosphere response for extreme driving conditions using the 3D multifluid MHD code (BATS-R-US) coupled to the inner magnetosphere module (CIMI), the module of ionospheric electrodynamics and the outflow module. Historical data available for extreme geomagnetic storms will be compared with the simulations when available. Scientific objectives: A few scientific topics are selected for detailed analysis, including the response of the coupled magnetosphere-ionosphere system to Carrington-type events, paying attention to the role of ring current population, and the role of ionospheric effects, and the role of solar wind drivers. The proposal will study physical mechanisms that could explain unusually fast recovery rate for the Carrington event. These processes include elevated O+ outflow and faster rate of charge-exchange losses, ionospheric effects, magnetopause losses, wave-particle interactions. In relation to the applications of space weather, we will also examine the response of electrons in the energy range 5–50 keV in the inner magnetosphere and along GEO orbit. The response of the electron fluxes will be studied as a function of the strength of the storms, in order to find optimal conditions for formation of intense electron fluxes. 

Methodology: 

To achieve scientific objectives, we will model the global coupled system for some extreme historical geomagnetic storms, including the Carrington event. The modelling tools will include the coupled MHD-ring current code (CIMI-BATS-R-US) and the standalone version of CIMI model. As a reference, a few moderate/big storms (with | Dst | ~ 200–300 nT) will be considered, and the output of the model will be compared to that of modern data sets from Geospace fleet. We will quantify the similarities/differences between the model and the response observed in Dst /SYM-H indices, particle fluxes and magnetic fields (if available). Quantifying the differences between observations and the model results for moderate/big storms will help to understand and predict the differences between the model and the actual magnetosphere for extreme conditions, as well as will allow to estimate model errors and limitations. 

Importance of the proposed work:

The proposed work will provide a better description of extreme geomagnetic storms, including Carrington type events, and fill some critical gaps in the current understanding of extreme activity. We will address the fast recovery rate observed for the Carrington event, exploring different proposed physical processes, and simulate these processes with the state of the art global models of magnetosphere/ionosphere. Electron fluxes in the 5–50 keV energy range are responsible for surface charge/discharge phenomena. It is important to understand that current results show the existence of some optimal level of activity in order to form the most intense electron fluxes. Quantifying the response of electron population to different geomagnetic storms will help to develop mitigation strategies for the worst-case scenarios. The expected outcome will also allow more accurate modelling representation of extreme geomagnetic storms and help to understand key processes that occur during such events. 
===================================================================================
Anthea Coster/Massachusetts Institute of Technology 

Ionospheric Response to Super Storms and Its Role in Geospace Coupling 

Geomagnetic storms produce significant changes in the ionosphere. The equatorial ionization anomaly (EIA) becomes enhanced, with its crests moving poleward and its peaks becoming larger. In the mid-latitudes, typically following a significant uplift in the height of the F layer, a large increase in the electron density is observed. A plume of storm enhanced density (SED) can form with its base in the mid-latitudes and can extend into the polar region. Associated with this plume are sharp gradients in the electron density that can cause scintillation and degradation of radio signals. These ionospheric storm time features are encompassed by what is known as the positive storm phase. Several hours after storm commencement, associated with changes in thermospheric composition and neutral winds, a prolonged depletion of the ionospheric electron density, known as the negative storm phase, is observed. This phase can last from a few hours to a few days. Storm-time electric fields play significant roles in producing these effects, and they can be generated by the disturbance wind dynamo and/or by the magnetospherically imposed electric fields such as the penetration electric field or the sub-auroral polarization stream (SAPS). Which mechanism plays the dominant role is not well understood and may depend on the size of the geomagnetic storm in addition to season, time of storm onset, and solar activity. How these typical storm-time features are modified during superstorms is the key question that this proposal will address. 

Our goal is to illuminate the role of these mechanisms during ionospheric superstorms and to better understand the coupling between the magnetosphere and ionosphere and between the thermosphere, ionosphere, and mesosphere. Using multipoint and multiinstrument observations during superstorms and other storms, we will explore: the development of SAPS and the associated SED feature; the formation of the equatorial super-fountain; the relationship of the thermosphere density and winds to strong SAPS; the launching of large scale traveling ionospheric disturbances (LSTIDs) from the polar regions; temperature and wind changes in the mesosphere-lower thermosphere region; and the length and duration of the ionosphere s recovery from superstorms. We will also evaluate the potentially huge deviation of the ionospheric parameters during superstorms from empirical data models. 

The types of data that will be used for storm analysis include: 1) two-dimensional global electron content data that will be produced from ground-based and space-based GNSS receivers; 2) regional observations of the ionosphere by SuperDARN, Fabry-Perot interferometers, and incoherent scatter radars; and 3) in situ data by DMSP and TIMED/GUVI, and potentially by ICON and GOLD. MIT Haystack ground-based TEC maps are available from the year 2000 on. For selected storm periods, low earth orbiting (LEO) satellite data will be merged into our routine TEC data product. These data will be used to study a range of storm-time ionospheric features at equatorial, midlatitude, and high latitudes. 

Our proposed contributions to the focus team effort will include providing multiple data sets, e.g., ISR data, DMSP data, TEC ground maps, LEO-TEC observations, FPI data, for superstorm (mostly in 2001-2004) and other major storm periods. The data can be used to verify simulation results and to examine the limits of state-of-the-art models for superstorm events. Model-data comparisons can also provide more insight into our physical understanding of superstorm features. In addition, our analysis of ionospheric superstorm effects will be brought to the team, and we will use the modeling capabilities of other team members to study the role of the ionosphere in geospace coupling. Of particular interest is the simulation of SED/TOI, the role of SAPS in shaping SED, and the influence of SAPS on the local and global thermosphere and ionosphere.

===================================================================================
Seebany Datta-Barua/Illinois Institute of Technology 

A nighttime ionospheric localized enhancement (NILE) at mid-latitudes during extreme storms 

Science: 

This effort will identify the extreme storm (Dst < -300 nT) dynamics that cause a co-rotating mid-latitude nighttime ionospheric localized density enhancement (NILE). During the extreme storms of solar cycle 23 a "hot spot" of 10 times as much total electron content (TEC) as the background nightside occurred within a span of only 500 km in the Gulf of Mexico region. The magnitude and localization of a NILE at midlatitudes adversely affects the availability of GNSS-based augmentation systems providing single-frequency user aircraft precision navigation service, e.g., the Wide Area Augmentation System (WAAS). No first principles ionospheric model predicts the existence of NILEs. Possible causes include an electrodynamic effect tied to the South Atlantic Anomaly or a super-fountain associated with interplanetary electric fields. This proposal will investigate events from solar cycles 23 and 24 to establish whether the phenomenon only occurs during extreme storms, determine whether such events are unique to the American sector, and test causal hypotheses by imaging the plasma density globally to estimate the drivers most consistent with the observations. 

Method: 

The proposed work will combine advanced models with space-based data from NASA observatories along with ground-based measurements, all publicly available, to estimate the formation mechanism using the latest data assimilative techniques. The first principles model forming the a priori state will be SAMI3 (SAMI3 is Also a Model of the Ionosphere). Two data assimilative (DA) methods will subsequently ingest data to update the SAMI3 background: Ionospheric Data Assimilation 4-Dimensional (IDA4D) and Estimating Model Parameters from Ionospheric Reverse Engineering (EMPIRE). We will use SAMI3, IDA4D, and EMPIRE to understand the physical processes consistent with the existence of a localized mid-latitude persistent nighttime plasma enhancement. SAMI3 has global fidelity in producing storm enhanced density, a possible precursor to the NILE. IDA4D will update the SAMI3 background model of plasma density with ground- and space-based density data, including from COSMIC, to produce a global time-varying specification of plasma densities. EMPIRE will update background models of electric potential and neutral winds based on electron density from IDA4D and measurements of the drivers from TIMED, DMSP, and C/NOFS. With these data covering the last two solar maxima, we will examine both extreme and not extreme storms. Space-based data are key to assimilation for dynamic driver estimation. DA lets us address the science goals because, while models do not yet predict the NILE itself, observationally driven updates offer optimal updates to the models, giving insight into the physics distinguishing NILE conditions from null events. 

FST Contributions: This proposal responds to Focused Science Topic 4: 

Understanding physical processes in the MITM system during extreme events. Global adjustments of first-principles electric potential based on observational stormtime conditions will indicate the states in which models most need adjustment during extreme storms. The study will help to show whether an extreme storm is a necessary condition for the NILE. This investigation will provide evidence of progress toward accurate simulation of extreme Space Weather events and their effects in the IT system by providing a rigorous uncertainty on the estimated state from DA. Output covariances and comparison to validation data provide metrics for determining the successful outcome of the research. We will contribute the electric field and neutral wind fields produced from SAMI3 and EMPIRE, and density specification from SAMI3 and IDA4D, to the FST. This effort will contribute insight into the low-to-mid-latitude electrodynamics during extreme storms, bringing a greater understanding of a phenomenon that has known consequences for the precision navigation availability of WAAS. 

===================================================================================
Tim Fuller-Rowell/University of Colorado, Boulder (TEAM LEAD) 

Understanding the Thermosphere-Ionosphere Response to Extreme Solar Events 
The objective of this proposal is to understand how the thermosphere-ionosphere system responds to an extreme space weather event, such as the Carrington storm of 1859 or the solar wind conditions experienced by STEREO-A when a CME struck the spacecraft on July 23rd, 2012. These solar wind conditions provide a reasonable scenario for a once in a 100-year extreme solar storm impacting Earth. By targeting extreme events, we will address the needs of the Space Weather Action Plan, and in addition improve our understanding of the how the physical system responds to events at the level of the Halloween (October, 2003) and Bastille (July, 2000) geomagnetic storms. With the obvious lack of observations, the physical models cannot be used blindly, but the model simulations will have to be carefully interpreted to address the following fundamental science questions: 

1) How does the ionospheric plasma redistribution respond to the combination of the overly expanded magnetospheric convection to midlatitudes and the strong penetration electric field to low latitudes? 

2) How does the thermospheric circulation and neutral composition respond to Joule heating expanded well into mid latitudes, rather than the typical location at higher latitudes during storms? 

3) Does the disturbance dynamo still play a significant role given the magnitude and possible dominance of magnetospheric convection? 

4) How severe is plasmasphere erosion in response to the polar cap boundary and plasma escape well into mid-latitudes? 

5) Do both positive and negative phases both still have a significant contribution in the response of the ionospheric plasma density and total electron content? 

6) What is the level of thermal expansion and increase of neutral, and plasma density, at high altitude contributing to satellite drag? 

7) Does the auroral NO production and radiative cooling cause the upper atmosphere expansion to saturate? 

We will use the newly developed and tested ionosphere-plasmasphere-electrodynamics (IPE) model, with self-consistent electrodynamics, to simulate the ionospheric response, and the well-tested thermospheric component of the coupled thermosphere-ionosphere-plasmasphere model (CTIPe) for the thermospheric expansion and neutral density response. The models will be driven by the estimated or simulated response to extreme solar wind drivers from either empirical magnetospheric convection models or from MHD model simulations. 

This simulation study will contribute to the Proposed Contributions to the Focused Science Team Effort by providing state-of-the art models as powerful tools for the investigation. In addition, the personnel will provide understanding of the physical system. Since there are no observations of the response to a Carrington-level event, understanding the physical processes and interpreting the model simulations is the only way we can be sure the extrapolation of the response of the physical system is likely to be realistic. The proposers also have close collaboration with the MHD magnetospheric modeling groups, such as the OpenGGCM and Michigan Geospace model, and we are able to leverage and reinforce our on-going interactions with these groups and contribute to simulations of the two-way interactions and feedbacks between the magnetosphere and thermosphere-ionosphere systems. 

In addition, in this proposal we will address the impact of an extreme space weather event on operational systems, including: How do changes in ionospheric plasma density impact satellite communications and navigation? What are possible perigee height changes due to the likely neutral density enhancement, and what part of the catalog would be deorbited? How would in-track orbit uncertainties grow, and what are potential impacts on collision avoidance? By quantifying the impact on operational system, we will enable operators, planners, and decision makers to make appropriate choices to implement mitigation strategies.

===================================================================================
Suk-Bin Kang/Catholic University of America 

Quantifying deep penetration of energetic electrons and ions in the inner magnetosphere during extreme storms 

Science Question: 

SQ1. What are the global distribution and dynamics of electric and magnetic fields in the magnetosphere and ionospheric potential during extreme events? 

SQ2. What causes the deep penetration of energetic electrons and ions to low L-shells during extreme events? 

Relevance: 

The proposed study is relevant to Focused Science Topic (4) Understanding Physical Processes in the Magnetosphere--Ionosphere / Thermosphere / Mesosphere System during Extreme Events. This proposal is also relevant to LWS program objective (1) Understand solar variability and its effects on the space and Earth environments with an ultimate goal of a reliable predictive capability of solar variability and response. 

Energetic electron and ion transport in the magnetosphere and ionosphere is predominantly determined by global electric and magnetic fields. The plasma pressure produced by energetic electrons and ions also contributes to changing magnetic field configurations and therefore affects the ionospheric potential. Deep penetration of energetic electrons and ions in the inner magnetosphere can impact mid-latitude spacecraft and mid-latitude ground-induced currents (GICs). However, both empirical and pure magnetohydrodynamic (MHD) models often fail to reproduce polar cap potentials and magnetic field configurations due to extreme solar wind and ring current conditions. Furthermore, radial diffusion coefficients derived from statistical electric and magnetic fluctuations are not valid for extreme geomagnetic conditions, making it even more difficult to predict particle transport during extreme events. Thus, these limitations motivate us to use a state-of-the-art model of two-way-coupled global MHD and inner magnetosphere to answer the two science questions.

Methodology: 

[1] Use the Space Weather Modeling Framework (SWMF) which couples the Comprehensive Inner Magnetosphere and Ionosphere (CIMI) 4-D bounce-averaged kinetic ring current model with the Block Adaptive Tree Solarwind Roe-type Upwind Scheme (BATS-R-US) global MHD magnetospheric model to self-consistently simulate the global electric and magnetic fields, and the ionospheric potential. CIMI will also be used to simulate the transport of ring current electrons, ions, and < 1 MeV radiation belt electrons. 

[2] Use a guiding-center test particle code to simulate transport of highly and ultra-relativistic electrons that rarely affect the global electric and magnetic field configuration. 

[3] Compare observations with simulations and carefully compare between the two simulation models each other to validate and quantify the limitations of each model. 

===================================================================================
Meers Oppenheim/Boston University 

Conductance Effects on Global Magnetosphere-Ionosphere Evolution during Storms and Superstorms 

Science goals and objectives: 

In order to accurately model extreme space weather events, Magnetosphere-Ionosphere-Thermosphere (MIT) simulators need to accurately model high latitude conductivities. This requires incorporating effects from small-scale but intense physical processes such as precipitation and ionospheric turbulence. During storms and super-storms, precipitation dramatically increases the ionospheric E-layer plasma density and, hence, the conductivities. Also, the magnetosphere forces enormous currents through the ionosphere such that it becomes turbulent, causing major changes in the conductivities. These effects also dramatically increase the total energy and momentum transferred to the ionosphere and thermosphere. Researchers have shown that while simulations accurately model changes in the MIT system during typical day-to day variations and moderate events, they cannot accurately model the structure of the MIT during severe storms. To do this, researchers will need to upgrade the conductance models in these simulators, most notably the precipitation and ionospheric turbulence models. This is particularly true for extreme events when precipitation and turbulence will become widespread and intense. 

Methodology: This project will incorporate modern physics-based models of precipitation and their interactions with the high latitude turbulent ionosphere into the conductivity and Joule heating of the coupled LFM-RCM-TIEGCM MIT simulator. This project will bring together experts in kinetic theory, collisional PIC, and global simulations of the MIT system. The major tasks will include improving parameterizations of kinetic theories and simulations of precipitating electrons including the effects of multiple collisions, reflection, and photoionization. It will also evaluate the effects of this precipitation upon ionospheric turbulence using massively parallel PIC simulations. The corresponding parameterized corrections will be included in the momentum and energy equations within the NCAR TIEGCM model with subsequent incorporation of resulting enhanced conductivities into the global MHD simulation. The newly improved simulator will be used to explore the behavior of the coupled MIT system during extremely disturbed geophysical conditions and the results will be checked against ionospheric observations. 

Proposed Contributions to the Focused Science Team Effort: 

This project provides a strategic capability necessary in fulfilling the LWS program objective: "Understand solar variability and its effects on the space and Earth environments with an ultimate goal of a reliable predictive capability of solar variability and response." It will fill a critical gap that in "understanding physical processes in the magnetosphere--ionosphere / thermosphere / mesosphere system during extreme events." The simple conductance models used by today's geospace simulators need critical improvements to accurately model current flows through high latitudes during even moderate storms. This will help fulfill the second goal of the Heliophysics Decadal survey: "Determine the dynamics and coupling of Earth's magnetosphere, ionosphere, and atmosphere and their response to solar and terrestrial inputs." The anticipated results of the project will help the Heliophysics community address two fundamental Science Questions posed in the 2010 Science Plan for NASA's Science Mission Directorate: (1) How do the Earth and Heliosphere respond? (2) What are the impacts on humanity?
===================================================================================
Antti Pulkkinen/NASA Goddard Space Flight Center 

Physics-based modeling of the magnetosphere-ionosphere-thermosphere-mesosphere system under Carrington-scale solar driving: response modes, missing physics and uncertainty estimates 

This proposal will address the Focused Science Topic "Understanding Physical Processes in the Magnetosphere--Ionosphere / Thermosphere / Mesosphere System (M-ITM) during Extreme Events." We will investigate the global physics-based modeling of the magnetosphere-ionosphere (M-I) system under extreme solar driving conditions such as those experienced during the Carrington storm of 1859. The specific focus of the proposed work is to advance global modeling of the ground magnetic field (delta-B) variations under extreme solar driving conditions. To this end, we will provide quantifiable advancements in modeling of the spatiotemporal delta-B structures. The delta-B focus provides a direct connection to the global M-I dynamics as the field variations on the ground are an aggregate of all the electric currents that operate in the geospace environment. Delta-B variations are also the primary driver of geomagnetically induced currents (GIC) that flow in long ground-based technological conductor systems such as power grids. Our work thus directly supports national space weather needs via improved understanding of the phenomena that cause GIC. Two target phenomena of specific high-interest to space weather will be the focus of this work: 

i) Auroral boundary expansion during extreme events. Auroral boundaries determine the locations that are exposed to the most extreme delta-B fluctuations and GIC.

ii) Spatiotemporal localization during extreme events. Spatiotemporally localized delta-B are perhaps the most significant cause for large-amplitude GIC. The target phenomena are used to address three key science goals: 

1) Quantification of model uncertainty under extreme driving conditions. The uncertainties and variability are some of the most important and yet poorly addressed characteristics of any space weather modeling effort. We will develop methodologies for quantifying the M-I modeling and specifically delta-B uncertainties. Methodologies for both normal storm conditions and extreme storm conditions not seen in modern observations are explored.

2) Key missing physics in modeling extreme storms. We will identify possible missing physical elements in our modeling of the M-I system under extreme driving conditions. 

3) Changes in fundamental system response modes. With information from goals 1) and 2), we will explore possible changes in the M-I dynamics under extreme Carrington scale solar driving not seen in modern delta-B observations. 

The work is carried out using a large number of M-I simulations and analysis of the corresponding modeled and observed delta-B variations. Careful coordination between the goals 1–3 in the context of the target phenomena allows new light to be shed on the physical processes behind important GIC-related phenomena. Our work will also generate quantifiable evidence of progress toward more accurate simulation of extreme space weather events. Our team will be integrated with the Focused Science Team (FST) Effort via provision of delta-B simulations capacity and recommendations for further model development efforts by the other FST teams. All simulations carried out in the project will be made publicly available via Community Coordinated Modeling Center (CCMC). Further, we will coordinate our work with NOAA Space Weather Prediction Center (SWPC) to ensure that operational considerations are take into account in addressing the delta-B features (operations-to-research) and to allow transition of the new information back into operational implementation of the M-I models at SWPC (research-to-operations).

===================================================================================
David Siskind/Naval Research Laboratory 

Response of the mesosphere, thermosphere and ionosphere to extreme solar flare events 
We propose a comprehensive study of the response of the mesosphere, thermosphere and ionosphere (MT-I) to extreme solar flare events. Our goal is to quantify how the electron density profile can be perturbed during these extreme events and assess the consequences of these perturbations for radio wave propagation through the ionosphere. Our study will include model calculations beginning with the solar flux emitted by the sun down through the thermosphere and F-region ionosphere to the lowermost mesosphere/D-region base where enhanced ionization has been inferred in past events. 

Our calculations will include a new estimate of the soft X-ray and extreme ultraviolet (EUV) flare spectrum, appropriate to extreme flares, which combine the results from numerical simulations with empirical constraints. This flare spectrum will be used in a hierarchy of models of the ionosphere, including the 3D ionosphere/plasmasphere model (SAMI3), the National Center for Atmospheric Research (NCAR) Thermosphere-Ionosphere-Mesosphere General Circulation Model (TIMEGCM) and a 1D model of the D and lower E regions (OASIS). The TIMEGCM simulations will calculate the thermosphere composition, temperature, and wind in response to our new extreme X-ray/EUV emission estimates; this data will be used as input to SAMI3 to calculate the ionosphere/plasmasphere response. The perturbation to the neutral nitric oxide abundance will be used as input to the OASIS D-region model. We will validate our model simulations with previously observed extreme flares such as the October 2003 events and their associated perturbations to TEC, nitric oxide and D/E region electron densities. 

As part of our calculations, we will perform explicit calculations of radio wave absorption for large to extreme flare event using several Naval Research Laboratory developed radio wave propagation codes for direct comparison to available observations. We will then extrapolate our validated models to even more extreme events (e.g. Carrington-type events) to address questions such as what might be the maximum electron densities that can occur in the ionosphere and to provide information that can aid the assessment of potential societal impacts of extreme space weather events.
===================================================================================
Mikhail Sitnov/JHU/APL 

Data mining for extreme space weather 

Science goals and objectives: The overarching goal is to reveal distinctive features of the Earth's magnetosphere during extreme events (EEs) through empirical reconstruction of the geomagnetic field, electric currents and plasma pressure for superstorms (Dst index<- 300 nT), taking into account their statistical peculiarity as EEs. We will compare distributions of the magnetospheric parameters with similar distributions for weaker storms and first-principle simulations to grasp the distinctions of EEs and their underlying mechanisms. Since EEs correspond to tails of the corresponding data distributions, their empirical pictures are strongly biased toward weaker events and their errors are large, making their interpretation particularly challenging. At the same time, the error analysis can be used to improve the empirical picture of EEs, and this improvement is also one of the main objectives of this study, which is guided therefore by following science questions: 

1) What are the distinctive features of spatial distribution and temporal evolution of the magnetic field, electric currents and plasma pressure during superstorms? 

2) What are the key biases and uncertainties of empirical reconstructions of these quantities for EE activity level, and how can they be used to improve the empirical picture? 

Methodology: 

The reconstruction will be made using the nearest neighbor (NN) data mining algorithm. In this approach, the state of the magnetosphere as well as its evolution are parametrized by the global activity parameters, Dst or Sym-H index, the solar wind electric field and their time derivatives. Then the magnetic field for a query event can be reconstructed using only a small subset of the whole historical database of magnetometer records. The resulting empirical picture, and in particular, distributions of the force-balanced plasma pressure, will be compared with pressure distributions retrieved from Energetic Neutral Atom (ENA) observations for EEs observed by the IMAGE mission in the period 2000-2004, to adjust the location of the pressure peak obtained by the NN method. Eventually, the amplitudes of empirical distributions will be adjusted based on the error and bias analyses to match the observed Sym-H values for the smallest possible NN bins. The empirical analysis of EEs will be complemented by similar studies of strong storms with Dst < -200 nT, including the strongest storms in the Van Allen Probes mission era, to validate pressure distributions using direct particle measurements and to improve the statistics of the pressure peak locations. The empirical model will be further extended to older superstorms in the period 1957-1991, when no solar wind monitors were operational, and hence no event-specific first-principles modeling is possible. To understand the key physical processes specific for superstorms, their empirical picture will be compared with global simulations of the magnetosphere using the Lyon-Fedder-Mobarry (LFM) MHD model coupled with the kinetic Rice Convection model (RCM) of the ring current evolution. Further the RCM pressure will be replaced by its empirical analog inferred from the magnetic field distributions using the quasi-static force balance equation. 

Proposed Contributions to the Focus Team Effort: 

The project contributes to FST #4 by providing an observational basis for identification of the key physical processes during EEs. The potential contributions to the FST's team effort will be empirical, first- principles and combined pictures of the magnetic field, currents and plasma pressure. These results will mark the milestones of the project. They can be used to improve understanding of the EE physics and provide direct assessment of the key Space Weather factors, such as the geomagnetically induced currents. The metrics of success will be derived from comparisons with ENA and in situ measurements.
===================================================================================
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