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ABSTRACT

This paper presents the initial results of the Advanced European electron density (Ne)
Assimilation System (AENeAS) which is a new ionosphere/thermosphere assimilation model
being developed at the University of Birmingham, UK. AENeAS is a physics-based data
assimilation model which uses a local ensemble transform Kalman filter (LETKF). The
model assimilates electron density virtual height profiles from ionosondes and TEC
measurements from GNSS receivers. The paper will describe the latest version of AENeAS
and plans for its future development.

The LETKF is an ensemble Kalman filter variant first described by Hunt et al. [1]. The
LETKF combines the transform ensemble Kalman filter (ETKF) [2] with the local ensemble
Kalman filter (LEKF) [3]. The localization in the LEKF allows the analysis to be performed
around each grid point and in parallel. Each of these individual analyses are combined to
form the global analysis. The ETKF uses ensemble perturbation matrices, where the
ensemble mean (or some other control) is removed from each ensemble member. The
distance from the control to the ensemble member provides information about the spread of
the ensemble, from which one can estimate the model covariances. The LETKF results are
equivalent to the LEKF [4] results but are calculated in a more efficient manner, similar to
the ETKF. The equations governing the LETKF are similar in form to that of the classic
Kalman filter:
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where H is the observation operator, O the observation covariance matrix, y, the observation
vector, A the analysis error covariance matrix and k the size of the ensemble. The matrix X,
is the background perturbation matrix where each column of the perturbation matrix is an
ensemble member with the ensemble mean removed.



Like any Kalman filter the LETKF requires a background model. AENeAS is designed in
such a way that the background model is easily interchangeable. Currently the background
model is provided by the Thermosphere lonosphere Electrodynamics General Circulation
Model (TIE-GCM) [5]. However, the maximum altitude modelled by TIE-GCM is between
500 — 700 km (depending on solar conditions). Since AENeAS is designed to provide
ionospheric parameters such as the total electron content (TEC) an NeQuick [6] topside is
fitted above these heights.

Initially, AENeAS is designed to assimilate electron density virtual height profiles from
ionosondes and TEC measurements from GNSS receivers. The modular design allows new
data types to be easily added as the model is developed.
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