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1. Introduction

Many ionospheric data assimilation schemes are based on the Kalman Filter [1]. A classical Kalman filter relies upon the
assumption that observation errors are Gaussian, a linear model can be used to propagate the states and a linear observation
operator can move the observations into the model space. In reality these assumptions rarely hold. Further, the error
covariance matrix scales with the square of the size of the state. For large states this leads to the need for large matrix
inversions and makes the equations very difficult to work with, especially in a reasonable time scale. A number of variants of
the Kalman filter have been developed to address these issues.

2. LETKF

The local ensemble transform Kalman filter (LETKF) is an ensemble Kalman filter variant first described by Hunt et al. [2].
The LETKF combines the transform ensemble Kalman filter (ETKF) [3] with the local ensemble Kalman filter (LEKF) [4].
The localization in the LEKF allows the analysis to be performed around each grid point and in parallel. The individual
analyses are then 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
LETKEF results are equivalent to the LEKF [5] results but are calculated in a more efficient manner, similar to the ETKF.

3. AENeAS

The Advanced European electron density (Ne) Assimilation System (AENeAS) is a new ionosphere/thermosphere LETKF
assimilation model being developed at the University of Birmingham in the UK. AENeAS uses the Thermosphere lonosphere
Electrodynamics General Circulation Model (TIE-GCM) [6] as its background model. This is extended to GPS altitudes using
the NeQuick [7] topside. The advantage of using a physics-based background model is that the model can be used to provide
accurate and actionable forecasts. The paper will describe the use of the LETKF in AENeAS, results from current testing and
plans for its future development.

4. References

[1] R. E. Kalman, “A New Approach to Linear Filtering and Prediction Problems,” Trans. ASME-Journal Basic Eng.,
vol. 82, pp. 34-45, 1960.

[2] B. R. Hunt, E. J. Kostelich, and I. Szunyogh, “Efficient data assimilation for spatiotemporal chaos: A local ensemble
transform Kalman filter,” Phys. D Nonlinear Phenom., vol. 230, no. 1-2, pp. 112-126, 2007.

[3] C. H. Bishop, B. J. Etherton, and S. J. Majumdar, “Adaptive Sampling with the Ensemble Transform Kalman Filter.
Part I: Theoretical Aspects,” Mon. Weather Rev., vol. 129, pp. 420-436, 2001.

[4] E. Ott et al., “A local ensemble Kalman filter for atmospheric data assimilation,” Tellus, vol. 56, pp. 415-428, 2004.

[5] E. Ott et al., “Exploiting Local Low Dimensionality of the Atmospheric Dynamics for Efficient Ensemble Kalman
Filtering,” 2002.

[6] A. D. Richmond, E. C. Ridley, and R. G. Roble, “A thermosphere/ionosphere general circulation model with coupled
electrodynamics,” Geophys. Res. Lett, pp. 601-604, 1992.

[7] B. Nava, P. Coisson, and S. Radicella, “A new version of the neQuick ionosphere electron density model,” J. Atmos.
Solar-Terr. Phys., 2008.

5. Acknowledgements

AENEeAS is being developed as part of the QinetiQ Mitigation of Ionospheric Effects Phase 4 project, funded through the Dstl
Space programme via the Cyber and Information Systems division. TIE-GCM was provided by NCAR. NeQuick was
provided by ICTP.



		2017-01-26T11:26:55-0500
	Preflight Ticket Signature




