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The geomagnetic field, as observed at the Earth surface or at satellite altitudes, is the combination of signals generated by several sources. The main contribution is the core field, but fields generated in the magnetosphere may, during magnetically active periods, have contributions up to hundreds of nanotesla. To study any of the sources contributing the observed magnetic field, it is necessary to separate independent signals in magnetic data. This is a challenging task, particularly because the fields generated in the magnetosphere present a very large spread of temporal wavelengths, ranging from minutes to decades.   

In current models of the geomagnetic fields derived from satellite data, these magnetospheric components are poorly described, limiting the resolution of other modelled signals, in particular of the core and lithospheric contributions. Modern magnetic observatories record minute-mean, or second-mean, vector magnetic data. They are located over a large range of latitudes and longitudes. Therefore, they provide together a data set particularly well suited for characterising the magnetospheric signals. The aim of the proposed study is to significantly improve geomagnetic field models, through an advanced description of magnetospheric components, relying on satellite and observatory data. 

The theoretical and mathematical frameworks to model the geomagnetic fields are well established. A correlation-based modelling (Holschneider et al. 2016) combined with a Kalman filter (see e.g.  Ropp et al., 2021) can be used. Prior information on the magnetospheric field spatial and temporal behaviour can be derived from the Tsyganenko semi-empirical models (Tsyganenko, 2002a,b, Castillo et al, 2017). The main technical difficulty comes from the required high-temporal resolution for the magnetospheric field models, leading to a Kalman time-stepping not exceeding an hour. This in turn imposes a careful monitoring of the information stored to avoid having exceedingly large computer memory requirements and computation times. 

The role of observatory data in the modelling effort should be completely revised such that they are efficiently used to describe large scale rapidly varying fields. This can be achieved by parametrizing the magnetic field sources together with the observatory baseline variations, and possibly also diurnal ionospheric or temperature variations. This approach allows to lift the requirements on baseline stability of observatories, and therefore include a larger set of observatory data in the modelling, or even include variation station data.  

Overcoming these technical issues should allow to identify magnetospheric signals in ground and satellite data, improving over the description provided in Maus and Luehr (2005), Luehr and Maus (2010), that was based exclusively on the signal temporal behaviour. Applying the proposed approach to the last 20 years of satellite and observatory magnetic data, may lead to a better view of the evolution of the magnetospheric sources over the solar cycles.
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