Singular spectrum
analysis of GRACE
observations




MSSA IN APPLICATION TO GRACE MONTHLY DATA

“&4 Gravity Recovery and Climate Experiment (GRACE) satellites,
./ launched 17.03.2002, provides an unprecedented set of Earth’s
temporal gravity field observations, whose signal manifests as
Earth’'s mass redistribution within the Earth system. However, de-
stripping/filtering to diminish the correlated high frequency errors is currently
required to use the GRACE spherical harmonic data products.
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INITIAL DATA IN SPECTRAL DOMAIN

We used 79 CSR Level-2 RLO4 monthly GRACE data since 2002 till
2009 with spherical harmonic coefficients complete to degree 60.
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“CATERPILLAR” — SSA METHOD
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SIMPLE EXAMPLE OF 1D SSA
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INITIAL UNFILTERED GRACE DATA (SPATIAL MAP)

2002.121.139 Init_1
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Principal Component N1 for MSSA with L=10 in spectral domain
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PC 2+3 spectral MSSA, L=10
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PC4, spectral MSSA, L=10
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Sum of PC 2-10, spectral MSSA L=10
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Difference between initial signal and sum of PC 1-10,
spectral MSSA L=10
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EIGENVALUES
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Approximation of Stokes coefficient S,;
by principal components of MSSA, L=10
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PC 2 for MSSA in spatial domain, L=10

2002.121.139 PC 2 1
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Spatial PC 3 and 4 corre%pond to annual osgilletion.
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PC 3.4 for spatial MSSA, L=10
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Greenland PC 1 spatial MSSA, L=10
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Greenland PC 2 spatial MSSA, L=10
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270" 280" 290° 300° 310° 320" 330° 340 380" 0
00" g o0
e T
E_/__-—;:?' -:'_:‘—'L—-E“’-#ﬂh T,
-r'—':__"_!_ — 80
E.-—-—F ‘___ ‘
= 70

30




Greenland PC 3.4 spatial MSSA, L=10

2002.121.139 PC 4 1
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Greenland PC 2-10 spatial L=10
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PC 1 spatial PCA, L=1
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PC 2,3 spectral PCA, L
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INITIAL FILTERED DATA (Gaussian filter R=800km)

2002.121.139 init_2
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PC 1 spatial filtered L=10

2002.121.139 PC 1 2
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Panteleev corrective smoothing

If we have signal u, which passes through the dynamic system
(equipment) with transfer function W and gives us observations f together
with noise, we can reconstruct u applying inverse operator together with
smoothing operator Wsmooth. Smoothing is very important to prevent
amplification of noises. If dynamic system is linear, we can write down the
corrective smoothing in spectral domain (hat means Fourier transform) as
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