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Atmospheric Infrared Sounder (AIRS) on the NASA EOS
AQUA platform is providing much improved atmospheric
temperature and moisture profiles when compared to soundings
from current operational sounders. Principal Components
Anaysis (PCA) provides an effective way to approximate the
AIRS observations. This poster presents the application of PCA
to AIRS data, including the generation and application of
eigenvectors, and the use of PCA for data compression, high
noise channel detection and reconstruction, noise filtering and
estimation, and regression retrieval.

2.METHOD

In our application the data vectors are radiance spectrathat are
divided by the expected instrumental noise, which we refer to as
normalized radiances. The eigenvectors are related to the
covariance matrix by:

S=ES8E'

where SisaN x N covariance matrix. E is the matrix of
eigenvectors, and 8 is the diagonal matrix of eigenvalues. The
principal component scores P are computed from:

P = ER

where R is the vector of centered normalized radiances.

An overall estimate of how well the principal component scores
can reconstruct the original datais provided by Reconstruction
Score (RS), which is defined as.

RS = [ UN 3(0, - R)?]¥?

i=1...N channels, O and R are noise scaled observed and reconstructed radiances for ith channel.

i=1

| Application 1: Reconstruct Radiance |

= Our studies indicate that AIRS brightness temperature can be
reconstructed within the noise level, using about 80 eigen-
Vectors.

ﬁgure 2: Example of Reconstructed and Observed
Brightness Temperature for an AIRS window channel

= We use the PCA to generate reconstructed radiances and to
compute the RM S between the reconstructed radiances and the
observed radiances.

= |t appears for most cases that the RM S is comparable with the
instrument noise level. It implies that the AIRS observations
can be reconstructed very accurately by much less number of
PCS.

'g 1 Top: A typical AIRS Spectrum; Lower left: Explained Variance vs. number of
eigenvectors; Lower right: Reconstruction score vs. number of eigenvectors
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Principal component regression of near real time AIRS data
provides a very computational efficient retrieval of atmospheric
temperature, moisture, and ozone, etc.

Principal component scores have been a very effective tool for
data compression, detector monitoring and bad channel
handling, aswell as the noise estimation.

The knowledge that we are gaining from the AIRS data
will be useful for high spectral infrared radiance data
processing and compression for future satellite observations.

Additional work to study noise filtering feature of eofsis
needed.

To create a stable PCA operational system using as many
AIRS channels as possible.

Use most correlated channels instead of neighboring
channels for bad channel reconstruction.

| Application 3: Noise Estimate/Filtering |

Application 4: Regression Retrieval |
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= Usethefirst 85 PCS as predictors, generate regression
retrieval's of atmospheric temperature, moisture, ozone, and
skin temperature

= Regression coefficients generated from June have been
stable.
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| Application 2: Channel Monitoring and Bad Channel Handling
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= In operational AIRS
processing, when a
channel has a bad
radiance value, it has
to be replaced by
something useful since
information from each
channel isrequired to
reconstruct the

technique applied)

0-Good Quality Data;

= Bad channel handling
technique: when abad channel is
detected, use the neighboring
channels to compute the pcs, and
reconstruct the bad channel.

Quality Flag Definitions:

2-Resarved; 4—
Undesirable Channel Properties; 8 —Bad Offset for Channel
; 16— Bad Gain for Channel; 32— Pop Detected "
in Channel; 64 —Bad Telemetry ; v P L 3"
128 — High Noise in Channel; 256 — The Instrument was not e TR
in science mode; 512~ No datafor this channel T

T

Statistics from pesregression retrieval: Left: May 10
2003 (dependent), Right May 13 2003 (independent)
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For moreinformation, please visit
http://or bit35i.nesdis.noaa.gov/crad2/air sgrid/AIRS_NRT
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