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Parameter setting for spherical cap harmonic analysis of AWAGS data
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To separate internal and external potential of the static geomagnetic Sq field in Australia, we evaluate the optimal
parameter setting for spherical cap harmonic analysis (SCHA). We discuss an appropriate spherical cap width and
degree of expansion in this study.

Torta and De Santis (1996) describe that over 60 degrees is acceptable for the cap width of SCHA for European data.
This study does not treat Fourier harmonics in time domain, but snapshot of the Sq field model. We utilized the
synthetic Sq field data based on Malin (1974) model. The three-component Sq field is synthesized at AWAGS stations
(Chamalaun and Barton, 1993) in terms of UT=2 h and p=1 (period=24 hour) with 3 % Gaussian noise. Our previous
SCHA program (Toh et al., 2004) uses a priori information assuming frozen-flux theory (Gubbins, 1983) and the
singular value decomposition. In this study, we used the original program of Haines (1988), but evaluated the solution
using Akaike Information Criterion (AIC). The SCHA program of Haines uses the stepwise regression method. Using
the synthetic Sq data described above, we tested spherical cap width 20, 30, 40, and 60 degrees with various degree of
expansion and F-level.

The sampling theorem tells the allowable maximum degree of expansion decreases as the spherical cap width goes
narrower. But the use of the maximum degree of expansion and small F-level threshold, says almost zero, leads
inappropriate solution which gives very small AIC and data misfit but different Sq spatial pattern. This indicates
calculated values coincide with observed data at only station points, and fictitious smaller wavelength components
survive. To avoid this, we should limit the maximum degree of expansion smaller than that deduced from the sampling
theorem, and confirm that AIC has minimal value in terms of the number of parameters. When we use an appropriate
maximum degree of expansion and F-level, AIC takes larger values with wider spherical cap width. However, the spatial
pattern calculated from the result by 60 degrees of spherical cap width most recovered that of synthetic data.
Consequently, we should use over 60 degrees of spherical cap width in SCHA for Sq data of p=1 with AWAGS station
distribution, and our test results in the same conclusion of Torta and De Santis (1996).
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