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IAS|I PCA: Motivation

IASI’'s 8461 channels can be well represented by relatively few empirical orthogonal
functions (EOFs), also called eigenvectors or principle components.

Each IASI spectra can be expressed as a linear function of these EOF’s by a unique set of
coefficients. These coefficients are also called principal component scores (PCS).

We found that no more than 150 PCS are needed to reconstruct all the radiances within the
noise, so there are potential important applications, (e.g. data compression, noise
estimation, etc.).

Reconstructed radiances can be used to estimate instrument noise in Earth scenes and
detect anomalies by comparing reconstructed with the original spectra.

— we can detect 2 sigma, 3 sigma events.

We found there is no advantage of granule eigenvectors versus global eigenvectors, except
for very extreme events such as volcanic eruptions which are currently not represented in
the global eigenvector training set (i.e., training needs to be performed over larger
ensemble of geophysical conditions).

PCS used as regression predictors provide very fast retrievals. The accuracy of the
regression is excellent in the free troposphere (away from the surface) and in the
stratosphere. Improvements by a physical retrieval is generally realized in the lower
troposphere, near the surface and for water vapor.



Generation of EOFs

3 bands together (used in regression)

Separate Bands (comparison of reconstruction scores from all
band versus individual can be used to monitor long term stability)

—  645-1210 cm-?
— 1210 - 2000 cm-1
— 2000 -2760 cm™?

We generate eigenvectors for all of the above

Eigenvectors are generated from one single day of globally
distributed IASI spectra — August 4, 2007.

We plan to update after finding potential outliers (volcanic events,
etc). We have not found any so far.
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How to determine the number of
EOF’s to use?

 Examine eigenvalues

« Examine global maps of PCS

* Verify that the spatial patterns in PCS are
not correlated.
— This always results in using more eigenvectors

than just relying only on examination of the
eigenvalues.



Examples of spatial patterns (geophysical variability)
in significant” PCS’s
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Reconstruction Scores (RMS of Obs-Reconstruction)
< 1 = radiances are reconstructed within noise level
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Reminder that noise is very nonlinear with temperature and wavenumber
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Eigenvector Analysis for Noise Reduction

Eigenvector analysis allows
correlated data (i.e., spectral
redundancy) to be represented by
a relatively small set of functions.

8461 channels can easily be
represented by a 100 unique
coefficients couples with 100 static
structure functions (100 x 8461)

Benefits: Noise filtering and data
compression. Distribute and
archive 100 coefficients instead of
8461 channels (lossy
compression).

We can now use shortwave IR
window channels for applications
(e.g., LW versus SW cloud tests)

NEDT at 280 K
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Independent assessment of noise (using Earth
scenes) from root mean square difference
between measured and reconstructed noise.
The reconstructed radiances are noise filtered,
therefore the RMS (Obs-Reconstruction)
matches the instrument noise.




Reconstructed (filtered) radiances can significantly remove
random noise from individual spectra.
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Black: meas. Red: Ibl cal.
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Obs — Reconstruction point by point differences
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Low values for warm scenes
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Now we are going to convince
you that global (i.e., Static)
eigenvectors work!!

Next few slides show reconstructed versus observed radiances for a
“‘channel” for a given granule in September 2007 using eigenvectors
generated from August 3, 2007

An additional slides (other channels) are at the end of the talk.
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|ASI| CO retrieval at 500 hPa
(will be discussed Thursday)
for Oct. 19, 2007

IASI CO at 500 hPa
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BT Spectrum at 14.98S, 44.98W

Using global eigenvectors
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Observed BT vs. Reconstructed BT (14.98%, 44.28wW) 20071012
280 BRI 1/ : ' .

274

BT

2a4 Obs

250

boe——"T"
I

"_!':."T"iIIIIIIIII|IIIIIIIII|IIIIIIIII|III

2160 2180 2200 2220
Waovenumber

Observed—Rec. BT vs. NEDT {14,985, 44.98W) 20071019

1.5
1.9

0.5

Obs—Rec

0.5

—-1.4
—-1.5

2160 21580 2290 2220
Wavenumber



BT Spectrum at 14.98S, 44.98W

Using granule eigenvector
2150 cm1- 2230 cm-’
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BT Spectrum at 14.98S, 44.98W

Global eigenvector 2150 cm-'- 2170 cm’’

Observed BT vs. Reconstructed BT (14.98%, 44.28wW) 20071012
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BT Spectrum at 14.98S, 44.98W

Granule eigenvector 2150 cm™- 2170 cm’

Observed BT vs. Reconstructed BT (14.98%, 44.28wW) 20071012
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IAS| Regression Retrieval—
for Temperature and
Moisture Profiles



Regression Retrieval Training

Train PCS’s against ECMWF 110
analysis |
— We have confirmed over the past
5 years with AIRS that ECMWF 100 —

represents the true atmosphere
extremely well.

— ECMWF has a similar number of %
independent pieces of information
as RAOB’s :

0.80 —

Our regression training set is
currently for May 4, 2007

— NOTE: Eigenvectors are trained 0.70 —
on Aug. 4, 2007.
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|dentification of |IASI Partly
Cloudy/Clear FOVS

We predict reconstructed IASI 2390.25 cm-' channel (to de-noise) from
AMSU channels 4, 5 and 6.

If the difference of the observed minus the predicted is less than zero — the
FOV is classified as Partly Cloudy/Clear FOV

This test works very well over ocean and snow/ice free land.
Also this test cannot detect low clouds.

However above 700 hPa, the regression retrievals are very accurate, and
the global coverage is about 70%!

Since AIRS temperature retrievals have shown positive impacts using
NASA GEOS-5 forecast system, and ECWMF are essentially assimilating
band 1 IASI channels peaking from the mid troposphere and above, it may
make sense to test these retrievals in NWP
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Feg.—ECMWF (S0CmE)

The “2390 cm-! diff test” removes overcast and
precipitating clouds
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Real-time Steps

Read IASI PC Scores BUFR file (operational on Oct. 30)
Reconstruct 2390.25 cm-?! brightness temperature
Predict 2390.25 cm-! from AMSU

If diff < 0, generate regression retrieval using the first 85
PCS.

For now just use product above 700 hPa and for surface
temperature above 271.5 K

So now for the results on data from May 25, 2007. We
compare retrieval bias and rms for AMSU only vs |ASI
plus AMSU



IAS| and AIRS Regression
Temperature Retrieval Accuracy
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IAS|I and AIRS Regression
Moisture Retrieval Accuracy
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Regression-ECMWF: Temperature at 47.188 — 77.24 hPa
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Regression-ECMWF: Temperature at 300 — 343.618 hPa
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Regression-ECMWF: Temperature at 617.511 — 706.565 hPa
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Regression-ECMWF: Temperature at 904.866 — 1013.948 hPa
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Predictors: AMSU + |ASI Predictors: AMSU



IAS| Regression Retrieval—
Water Vapor



Total Perceptible Water (mm) above 459.712 hPa

D0Z225uAv2007, naaa TPW abave 459,71 2mb Ralrieval
Ascending, sample=17086
mean=0,49 1213, stay=0.485189

38861
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—1.8Z65
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1.0234
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NOAA regression Retrieval
Predictors: AMSU + |ASI

00Z25WAY2007, ecmwl TPW above 459.712mb
Ascending, sample=17086
maan=0,493121, stay=0.503404
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—2.6487
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—2.2431

— 2.0388

—1.8365
Dascerding, sample=17979
maan=0.518083, atdv=0.534357 —1.6333

—1.4300

= 1.2267

1.0234




Regression —- ECMWF TPW Above 459.712 hPa

QO225nr 2007, noaa TPW—eomwl TPW above 459.712mb Q228N 2007, noaa TPW—acmwl TPW above 459.712mb
Ascending, sample=17086 Ascending, sample=17085
bigg=—11.4332, rms=32.9713 bias=—13.9374, rms=90.24597
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Predictors: AMSU + |IASI Predictors: AMSU (no MHS)



Total Perceptible Water (mm) above 986.067 hPa

00Z25uUAv2007, nooa TPW above 988.067mb Relrieval 00Z225MAYZ007, ecmwl TPW ahove 986.067mb
Ascending, sample=17086 Ascending, sample=17086
mean=18.202+, stdv=11.9873 medn=13,4017, tdv=12.8581
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mean=13.5369, atd,=13.3626
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NOAA regression Retrieval
Predictors: AMSU + |ASI

GO.048

o6.732

53415

S0.08E

45,781

45,464

40146

—36.828

33512

30185
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—23.561

20,244

16927

13.808

10.282

G.9756

38385
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Regression —- ECMWF TPW Above 986.067 hPa

QOZERIAFI00F, noaa TPW-acrmwl TPW above 986.087/mb QOZERIAFI00F, noaa TPW-acrmwl TPW above 986.087/mb
Ascending, sample=17)%4 Ascending, sample=17)%4
biag=-0,352933, rms=26,9248 hiag= ~&. 1, rmam44, 5295

I]emnding sample=17373 Deacending, sample=17973
bias=0.73028

1, rma=221.2226 10 biga=-7.99149, rma=48.0021 10

Predictors: AMSU + |IASI Predictors: AMSU (no MHS)



Summary

PCA is working quite well!!

Static global eigenvectors appear to be
representing all situations.

PCA temperature retrievals performing quite well in
partly cloudy/clear conditions

Plan to test in a data assimilation experiment.

If anyone else is interested please email.

— mitch.goldberg@noaa.gov

— Generating the PCA retrievals from the NESDIS
Operational PC BUFR files is very straightforward.



Eigenvector

Odd features in older data (March 2007)

Eigenvectors #26—#50 (Band1 645-1210cm=A) 20070307

Figenvectors #26—#50 (Band1 645—1210cm—1) 20070804
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« Additional Slides showing other selected
channels for pages 22-26



Obs Rec

ZERTE 22541 ZETAD 273.78 230,48 Z3ZIE ZEITE 22541 ZETAQ 2Z3.78 230,43 ZIZAE

Ofs—Rec e Histogram
A o T

D030

o min=—1.08332
025 max=0.8937 38
mean=0.028369d
war=0,0734809
atd=0.27 4734

05

b 020

0o
015

Oba—Rec

010

005

NP S

000

G 2T 24 23 230
Ree BT (K)

-1.08 =070 =030 310 .00 ik

|45] [670.000erm—1] Granule—125 20070910 |4S] [670.000crn—1] Granule—125 20070910



Ohs Rec

ZDZ.ED 223,78 244,71 26068 286.50 30703 ZDZ.ED 22378 244,71 26068 286.50 30703

Histogram

D.OoB

min=—0,874324

DOSE  ou=t.oB0s E

E mean=0.0035693 3

Do4E  war=0.0219361 3

E atd=0.142104 E

. - E
DO E

n.n2 3

“ = E E
Dot E 3

0.00 E

-0.E7

=000 a1z 026 Q.64 102

IAS] [965.000crm—1] Granule—125 20070810

Uba—Rec

MEDT
44

220 240 240 it 300
Ree BT (K)

A4S [965.000cm—1] Granule—125 20070910



NEDT
48

Rec A0 L= as

ZE0B4 23053 24052 2SO 26060 2700 PE0G4 23053 24DSZ POOGT 26060 ZOLOR . 025 0.30 0,36 D41 0,46

Ops—Reo 55 Histagrarm
. B T

min=—0,801025
max=0.854073
mean=—"_3, 0006
var=0.0441818
atd=0.210185

Oba—Rec

230 240 250 260
—0.ED —045 -0z i¥] 0.6 0.3 Res ET (K)

IAS] [1041.50cm—1] Granule—125 20070910
[AS] [1041.800m—1] Granule—125 20070810



Rec

MEDT
A0 48 as

E m o L]

L o
-+ CE =

-+ -
o = o =

o =

205.63 21707 ZEBS 239.86 251 .41 2ET.E4 20563 21707 pd: R | 239,86 25141 2E2.84

a0 Ofs—Rec £ Histegram
B B . F T T T 3
D.osE 3 1.5 | | | . ™
off o N R L o E min=—0.405182 3 ]
' max=0.357361 E 1.0 .
004 mean=0.000535045 3 ]
E var=0.00378621 3 ]
E atd=0.0615322 E 0.5 ]
- R M| R A RN o - il +0.03 F - 1
" i ] g ]
\ : E T 0o
- £ J a N
= e ; : _
B . W O T il o ok o W fns a E 3 —0.5 ]
no1E = ]
-1.0 _
0.00 Ea I ] ]
52 58 —ind =02 [iRs] 0.2 1.5 ]
—1.. 1 1 1 1 1 1
- palel 220 230 240 250 praci]
—0.41 —0.25 —0.10 0.085 .20 0,56 Fee BT (K)

lASI [1288.00am—1] Granule—125 20070910
|AS] [1298.00cm—1] Granule—125 20070910



Rec

21240

215,36

ZZ0ET

Z24E7

27813

T33.3%

21240 215,36 ZE0ET Z24HET 278,13 T33.3%

Histegram
T

2.030

| 025

- |pozo

.05

L0110

[ 005

[, 000

min=—0.311111
max= 0336044
mean=0,0113478
war=0.0077744
atd=0.0881757

0.3 -02 -0 [N .1 0.2 0.3

431 [1306.25¢cm—1] Granule—125 20070810

Oba—Rec

NEDT
£ ]

=[]

)
R

0.5

n.o
+ T i :
-5 ]
]
—1.50 ! I I I ]
215 220 225 230
Fez ET (K}

IASI [1308.25¢cm—1] Granule—125 20070810



Rec
a o o
- P -
o & =] El
201 208.61 21791 EEG.00 23410 24220 201 204.61 273 2EG.OD 3.0 Z4Z.20

- “ Uhs—Rec - Histegram
: ; : D.08F ' ' b
. Wl.05E  min=—5.35635 E
E mox=2.66830 E
[ mean=—0.0581806 E
0.0 0—0411153 3
E o atd=0.641312 3
. .k E
nosf 3
po2f 3
: -
001 ;— _;
ook ! e 3

IAS] [1739.00em—1] Granule—125 20070910

Dbe—Rec

NEDT
5

=[]

210 218 220 2k T30 35
Rec BT (K)

IASI [1738.00cm—1] Granule—125 200708910



1815 208,73 E1B43 2PEOT 2377 24734 18815 208.79 21643 228.07 23F 24734

Ops—Rec 55 Histagram
. b T

min=—10.1557
max=B.14026
mean=—{ 0565435
var=2.00368
atd=1.41551

=10 -z 8] a

IAS] [1923.00em—1] Granule—125 200708910

Dba—Rsc

NEDT
48

=18 L. 1 1 1 1 1 1
215 220 225 230 235 240
Rec BT (K)

|AS] [1923.00cm—1] Granule—125 20070910



Obs Rec

21561 23%.E3 Z0Z04 27026 2EE.42 3056 21551 233.E3 ZOZ04 270.26 28E 43 305,65
20 o Os—Rec o Histogram

n A F T T T 1

DEZo - -

n m [ min=—2.89218 ]

- max=2.50386 ]

015 mean=0.00777575 -

war=0,0332494 k

atd=0.189584

0

.05

0,00 1 o

—2.E0 —i.80 =7 0.38 1.48 2,55

IASI [2105cm—1] Granule—125 20070210

Dbhe—FRec

NEDT
48

220 4 60 280 300
Rec ET [K)

1AS] [2105c¢m—1] Granule—125 20070910



]

28003 25221 264,38 20657 20E.T4 Z60.BE 28003 25221 264,38 20657 20874 Z60.BE

- Dhs—Rec - Histogram
2 n 8 FT T T T T g
i W03 min=—318743 3
[ max=3.0388% ]
L mean=0.1055746 ]
[ war=0.512580 ]
[ std=0.901589 ]
H Doz - =
o B =
| E ]
naook ]

—3.20 —1.85 —a70 154 1.78 304

|431 [2325em—1] Granule—125 20070910

Dbhe—FRec

4} —

253 254 255 256 257 258
Reo ET [K)

1AS] [2325cm—1] Granule—125 20070910



Obs Rec

=11 =+ -1
ol L N T N BT B R e o L e . . ... ]
IR v B B L » oy ot o F R R T P I I - e T e =
off . T G TR PR I L b ST o PR . 0 e b e S o s
ot S ]
240,68 247 E1 Z1HEE 22114 ZETEE 23416 240,68 471

Histegram

F T T T T T b

Do =

n [ min=—20.5144 ]
o omax=7.09182 E

ooz mean=—_0,0895835 _'

F o owar=9.53646 ]

[ std=3.08812 ]

-+ = E E
puoz F .

. D01 3
oo .

2081 =181 =811 =34 228 75

l431 [2375em—1] Granule—125 20070910

Oba—Raa

NEDT
£ ]

=[]

-8

T ¥
E +t+ B+ 4 .
[ + _:_ + + + ]
: 1 1 1 + 1 1 :
232 234 236 274 240
Fez ET (K}
IASI [2375cm—1] Granule—125 20070810



as

NEDT
48

Rec

21044 23064 260,84 203 2¢.23 31143 21044 23064 250,84 27103 2#.23 343

Histegram
T T T T T T ]
" pO.20 - min=—4.21437 i
[ max=2.37R92 1
I mean=—0.00614768 ]
I var=0.0563182 1 o
UAS[ atd=0.238577 7 !
+ - L ] :ln
[ ] a
ook -
| a = .
nnsk -
000 [ L 1 Lo, 1 I ] I I 1 1
—4 -3 -2 -1 i} 1 2 220 240 2ED ZE0 300

Res ET (K)

IAS] [2141em—1] Granule—125 20070910 IASI [2141em—1] Granule—125 20070910



« Additional slides comparing the regression
retrieval for temperature (from page 40)



Regression-ECMWF: Temperature at 77.24 — 117.777 hPa

002254k 2007, Wir_noda—tar_ruth 72240 to | 17.777mb 002254k 2007, Wir_noda—tar_ruth 72240 to | 17.777mb
. Ascending, sample=17094 Ascending, sampla=1709%4
biag=—0.0117182, rme=0,959882 Bias= =], 7. rma=1 04301

Deacending, sample=17373 Deacending, sample=17373
biaa=-0.07 333, rma=0.993737 H 0.5 biaa= —{0.0825243, rma=1.03834

Predictors: AMSU + |ASI Predictors: AMSU




Regression-ECMWF: Temperature at 117.777 — 190.32 hPa

00Z25uar2007, tair_noaa—tar_truth 117.777 1o 190.320mb
Ascending, sample=17094
biae=0,183337, rma=1,10382

Demnding sample=17373
bias=0. 199833, rma=|.06808

Predictors: AMSU + |ASI

J0Z25UAY2007, tair_noaa—tar_truth 117,777 to 190.320mb
Ascending, sample=17094
biae=0. 431251, rms=1 45131

I]emndinﬂ. sample=17373
biaa=0.45262

3, rma=1.385%4 —H—0.5

Predictors: AMSU



Regression-ECMWF: Temperature at 190.32 — 300 hPa

DNZ25UAY2007, tair_nodaa—tar_truth 190,320 e 300.000mb
Ascending, sampla=170%4
bigg=—0.210168, rme=1.13284

Demndin'? sample=17373
bias=—0.1761

24, rma=1.19334 — —0.5

Predictors: AMSU + |ASI

00Z25UAY2007, tar_neda—Lar_truth 190,320 toe 300.000mb
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Dascemding, sample=17373
h|'n==-ﬂ.19‘£'lﬂlﬁ. rr'ns=1.+?ﬂﬂ+ H—0.5

Predictors: AMSU



Regression-ECMWF: Temperature at 343.618 — 390.893 hPa

00Z25UAr2007, tair_noao—Lar_truth 343,618 to 390.893mb
Ascending, sample=170%4
Bide=—.0 198. rms=1.00601

Deacending, sample=17373
bias=0.018 (428, rena=1.0392

Predictors: AMSU + |ASI

00Z25UAr2007, tair_noao—Lar_truth 343,618 to 390.893mb
Ascending, sample=170%4
D= —{,05 +Bl38. rma=|1. 24577

Deacending, sample=174
biaa=-0.0317733, rma=I ZEBDT

Predictors: AMSU




Regression-ECMWF: Temperature at 390.893 — 459.712 hPa

DOZ25UAY2007, tigc_m?n-fdgig;tz-%gﬁﬁa to 459.712mb D0225uAr2007, ﬁgc_m?n-fﬁ:ig;t:_%g?gﬁJ o 459.712mb
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Predictors: AMSU + |ASI Predictors: AMSU




Regression-ECMWF: Temperature at 459.712 — 535.232 hPa

Ay B e oniam J0aa - ¢ 35:232mb 00Z26UAY2007, tair_nodg—tair_truth 459.712 to 535.232mb

iag= - Ascending, sample=17096
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Deacending, sample=17979 . Deacerding, sample=17979
bias=-{.117789, rma=0.956786 L o5 biaa=-{. 1, rma=1.30887

Predictors: AMSU + |ASI Predictors: AMSU




Regression-ECMWF: Temperature at 535.232 — 617.511 hPa
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Predictors: AMSU + |ASI Predictors: AMSU



Regression-ECMWF: Temperature at 706.565 — 802.371 hPa
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Predictors: AMSU + |ASI Predictors: AMSU



Regression-ECMWF: Temperature at 802.371 — 904.866 hPa
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Predictors: AMSU + |ASI Predictors: AMSU



	Using Principal Component Analysis�(PCA) of IASI radiances to filter noise�and generate retrievals.
	IASI PCA:  Motivation
	Generation of EOFs
	How to determine the number of EOF’s to use?
	Eigenvector Analysis for Noise Reduction
	Now we are going to convince you that  global (i.e., Static) eigenvectors work!!
	IASI CO retrieval at 500 hPa�(will be discussed Thursday)�for Oct. 19, 2007
	BT Spectrum at 14.98S, 44.98W �Using global eigenvectors� 2150 cm-1- 2230 cm-1
	BT Spectrum at 14.98S, 44.98W �Using granule eigenvector�2150 cm-1- 2230 cm-1
	BT Spectrum at 14.98S, 44.98W �Global eigenvector 2150 cm-1- 2170 cm-1
	BT Spectrum at 14.98S, 44.98W �Granule eigenvector 2150 cm-1- 2170 cm-1
	Regression Retrieval Training
	Identification of IASI Partly Cloudy/Clear  FOVS
	Real-time Steps
	IASI and AIRS Regression Temperature Retrieval Accuracy
	IASI  and AIRS Regression Moisture Retrieval Accuracy
	Summary

