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rincipal Component Analysis

Regression retrieval
Radiance compression/noise filtering
Case-dependent (dynamic) noise estimation

Quality control
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Topics

Generation of Eigenvectors

Monitor EOF representation

Reconstructed radiances and noise estimation
Compare static and granule eigenvectors
*Cloud Cleared Radiances

New datasets from NESDIS
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Generating AIRS
eigenvectors

Each AIRS data vector has 1608 radiance values.

The radiances are normalized by expected
instrumental noise (signal to noise)

Compute the covariance matrix S

Compute the eigenvectors E and eigenvalues A
S=E IE'

E = matrix of orthonormal eigenvectors (1608x1608)
A = vector of eigenvalues (explained variance)
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plying AIRS eigenvectors

n independent data — compute principal
>omponent scores.

P = ET R ; elementsofR =(r-r;)/n,

Invert equation and compute reconstructed
radiances R*.

R* = EP

Reconstructed radiances are used for quality
control.

Reconstruction score = [ 1/N 3(R* - R)? ]2

NESDIS Office of Research and Applications



0101 -25-14:34



Square root of the eigenvalues

1 7497.60 19 14.68 37 3.38 55 1.25
2 1670.40 20 13.49 38 3.11 5 119
3 945.52 21 1993 39 2.82 51 Lle
4 496.01 22 11.32 40 2.53 58 1.15
5 284.01 23 10.70 41 241 59 1.09
6 266.30 24 9.08 42 239 60 1.05
7 156.95 25 8.24 43 234 61 1.02
8 139.67 26 7.85 44 224 62 0.98
9 8827 27 a7 45 2.03 63 0.90
10 72.83 28  5.98 46 1.86 64 0.86
11 60.03 29 5.83 7. 198 65 0.81
12 33.42 30 5.39 48 1.71 66 0.80
13 45.01 31 5.34 49 1.65 67 0.78
14 39.72 32 4.98 50 1.61 68 0.77
15 34.54 33 4.34 51 1.54 69 0.73
16 26.57 34 4.09 52 1.52 70 0.72
17 22.62 35  3.62 53 1.35 71  0.70
18 17.60 36 3.48 54 1.34 72 0.66
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econstruction score = [ 1/N 3(R* - R)? ]'”
I =1 ....N channels
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econstruction score = [ 1/N 3(R* - R))? 1'%
i =1....N channels

1.1

reconstruction score
S
.

<
[le)
5

o
o

0 20 40 60 80 100 120 140 160 180 200
eigenvector

NESDIS Office of Research and Applications




o Ch—gad
Gacendmg. 200{] Dec 21 e GSC‘?” ”"J 2000 Dec 21

Beware of early truncation -- look at spatial co f!%’%lqglcﬁ of PC scores

&0M

305

160 1208 Bt 0 BUE 130E 16D

pc Ch—100

pc Ch—60
descendmg 2000 Dec 27

descendmg, EOGD Dec 21

A0M

gbs.




Example of Reconstructed Radiances

649.48 cm-1




Example of Reconstructed Radiances
2616 cm-1

Observed e .-.Recon-structed minus Observed

I: ip wf'#"*” |:“I¢
G w"' ' '.u:.a..'

m

s, L . W . M . .
mﬂ:ﬁi, . e '?__ e ] i it i : ".--‘ Uil ‘..l'\.“..

o .'."I il IM‘MI .’- i III, i

-c.5 -04 02 =04

i
i i
(LN \'I'.

TG0 270 ZAO 200 310 320 330 340

310



AIRS Instrument Noise vs. Reconstructed Radiance Noise

Scene Noise

Reconstructed - Noise free 75 PCS

Root Mean Square (RMS) Difference (K)

1500 2000
Wavenumber (cm-1)

Simulation
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Noise RMS minus Estimated Noise RMS
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Ascending FEB 21, 2003, O<scors<1, sample: 41323 (87.532%)
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Spectrum from 892 to 902 wavenumber

Green 1s reconstructed, white 1s original, yellow 1s calculated from model
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Monitoring EOF representation
- dependent (blue), static (yellow), rolling (magenta)

01/16/2003

01/30/2003 |
02/13/2003
02/27/2003 -
03/13/2003
03/27/2003 -
04/10/2003
04/24/2003 -
05/08/2003
05/22/2003
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i AIRS NEAR REAL TIME Processing System - Microsoft Internet Explorer
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versus Granule Compression

Three sets of eigenvectors were generated

1). Static Eigenvector (from global data of
January 15t 2003)

2). Daily Eigenvector (from global data of 2
days earlier from the granule)

3). Granule Eigenvector (from the data of the
current granule)
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Static ev
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PCA compression seems to be working quite
well

The residuals are at noise levels and can be
compressed and stored in a separate file
for lossless compression

Most people will not want the residuals.

The picture to the left can be also used as a
form of metadata which will convince the
user that the lossy compression is
favorable

Users can decide whether they want the
residual file
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Reconstruction RMS vs. #
of PC
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econstructed error vs. the
AIRS Instrument Noise
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Granule EOFs — Pros and
Cons

Granule eofs will provide better compression
ratios ~ 50-100x

Granule eofs are more time consuming. (45
minutes per granule)

Granule eofs may reproduce striping.
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Too many EOFs will
uce striping




Yloud-Cleared Radiances
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=a Nl clear T af = Reclouc

ud (1-a2)"R2clear + a2 Reloud

Assume Scene Is Identical in FOV’s except Fraction of Cloud

FOV #1
40% cloudy

FOV #2
60% cloudy

Two AIRS field of views (FOV’s) are illustrated showing that each FOV has
some fraction of clear radiance and some fraction of cloudy radiance. We
define the ensemble of FOV'’s as the retrieval field of regard (FOR).
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Rclear(i) = R1(i) + N = [R1(1)-R2(i)]' i'= channel #

N = al/(a2-al)

N = (Rclear - R1)/(R1 - R2)

300 'nf'-\ rm (lat=7.1,lon=—125.8)
= o0 / WW ECMWF

240 ‘M W\Wﬁ i AIRS

220

20 1000 1500 2060

O

AIRS

SR e

i
&=

O
e

Rclear(i) - Rmean(i) +2 N(j)[R(i,fov#)-Rmean(i)]

Rch2 j = cloud formation
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(HI 1T

TR HTHI P

L
WAL

T

1000 1200 1400 1RO 1800 2000 2200 24010 2600




o

60" S - ~
180° W 120" W 60" W

(Wallace McMillan, UMBC

20020922: CO {(ppbv) at 500 mb

10 20 40 60 80

100

120

14

0 160 180 200+



" #PAIRS Global CO Movie
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Precip. Water (350mb — 450mb), Dec. 2003
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IRS Assimilation -The Next Steps

(Including AMSU/MODIS/MFG....)
* All data plus data selection / thinning studies

** all channels plus channel selection / noise red. studies

Data utilised Spatial Res. Spectral Res. @ Comment
(AQUA)

AIRS Full an data pius data Current 300 Ch. Current 3DVar

selection / thinning studies C L R R d ass im

AIRS Full Current 300 Ch. Current 3DVar

Recon.Rads CLR Rd assim

AIRS AMSU and Full 300 Cld Cleared AMSU/MODIS
MODIS Rads. used in QC

AIRS AMSU and FUII* FUI.I**aIIc_hannelsplus: channel Current 3DVal’

MO D I S selection / noise red. studies C L R R d ass i m

AIRS AMSU | Fulr W o T A | Cloudy Rads
MODIS % 7 7 7 Used



« Center of every AMSU fov
« 3 x 3 array from every other AMSU fov

Principal Component Scores (Spatially Thinned)
Reconstructed radiances (Spatially/Spectrally Thinned)

Cloud-Cleared radiances (Spatially/Spectrally Thinned)
Cloud-Cleared PCS (Spatially Thinned)
Clear MODIS @ AIRS resolution
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Summary - Roadmap to
larger impacts

Use reconstructed radiances

Use cloud cleared radiances

Use cloud-contaminated radiances.
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AIRS, CRIS and IASI comparisons
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AIRS, CrlS, IASI

Figenvalues of |[R—<R>|W|R—<R>]'
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NOISE Spectra

AIRS, CrlS, IASI (NOTE: CrIS and IASI noise is spectrally correlated)

exxxxxxxxx AIRS(8/30/021
— — — — Gaoussian Apodized IAS| (Apr.04)
Hamming Apodized CrlS (CDR, Apr.04)

1500
wavenumber, cm~'
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CO poor performance by current configuration of CrlS
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