Principle Component Analysis of IASI spectra with a focus on Non-uniform Scene Effects on the ILS
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Simulated impact of spatially non-uniform
scenes on the Instrument Line Shape (ILS)
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The primary effect of a non-uniform scene on the ILS is a
spectral shift; ILS shape effects are secondary.

Frequency and Magnitude of the Effects

2007.10.15 ~22 UTC, IASI Imager data
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Geometrical versus Radiometric FOV
centers computed with the Imager data

Spectral shifts versus Imager analysis of
scene radial non-uniformity
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Histogram of spectral shifts
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The spectral shifts, which correlate well with analysis of the
imager data, are as large as +/- 30 ppm for this typical granule.

David Tobin, Hank Revercomb, Paolo Antonelli

Summary
* Principle Component Analysis (PCA ) is a useful tool for
identifying and characterizing sensor characteristics. This

PCA of IASI Spectra

Y = Ncolumns of differences from the mean spectrum, y-<y>

Singular Value Decomposition gives U, A, and V such that Y = UAVT
where D is diagonal and UTU = VTV = 1

The jthspectrum yj can then be reconstructed as a sum of
vectors (components) u; with coefficients ¢;; = AvT = UT(y;-<y>) :

Yi=<y> + Z Gy
Considerations:
- The sample size
- Dependent vs. Independent set PCs
- Noise normalization (y/NEDN vs. y)
- The number of PCs to use in the reconstructions
- Entire spectrum or band by band

Longwave Principle Components (w;) for 2007.10.15 granule
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Non-uniform scene ILS corrections

Involves reconstruction of the spectra with the “spectral shift” PC
coefficients set to zero.

Example oversampled Shortwave spectra
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Spectral Calibration Analysis of
Original and Corrected Spectra
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PC coefficients versus Imager analysis of
scene radial non-uniformi

The coefficients of the
“spectral shift” component
also display the spatial
characteristics associated
with non-uniform ILS effects.
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