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Validation Data - Algorithms 9.

MetOp-IASI/Aqua-AIRS
Match-up Database

(Adapted to MetOP-IASI from Aqua-AIRS Validation System)

YRAOB Measurements Matched to Aqua (1:30 AM/
PM) and MetOP(9:30 AM/PM) Satellite Observations

Y MetOp-IASI/AMSU-A/AMSU-B Level1B Radiances

YIASI Level-2 Retrievals

Y Aqua-AIRS/AMSU-A Level1B Radiances

YAIRS Level-2 Retrievals

YNCEP-GFS (AVN) Level2-Forecast/Analysis

YECMWF Level-2 Forecast/Analysis

Y MetOp-ATOVS/NOAA-18 Level-2 Retrievals

Collocated Within 3 Hrs. & 100 Km Radius
Data Used In this Study : November, 2007-

- Emulate IASI/AIRS Retrieval Algorithms

- Reprocessing Options with Algorithm Upgrades, New
Data, Versions

- Test New ldeas in the Retrieval Algorithm




What We Did
Data Used : 01/20/2008 - 08/02/2008

Q.

IASI/AIRS Temperature and Water Vapor Profile Retrieval
Statistics with

» Collocated RAOBs and other Data Sets (ECMWF, NCEP-GFS,
MetOp-ATOVS) for the Same Period (Regions Sampled by
Aqua and MetoP Orbits Differ)

» 12,000 Accepted Matches for IASI
» ~ 6,000 Accepted Matches for AIRS
Looked into Some Cloud-Clearing Aspects
» Noise Amplification in Cloud-Cleared Radiances
— with I1ASI-4 FOVs and AIRS-9 FOVs
Stats for A subset of Matches Where IASI & AIRS are looking
at the same Ground Location but at different times ~ 1000
Collocations
» IASI Retrievals with RAOB Matches
» AIRS Retrievals with RAOB Matches

» AIRS Like IASI (Use 4 FOVs of AIRS) Retrievals with RAOB
Matches

MetOp-IASI/AIRS Validation Web-site




\"/
Questions Addressed ‘

What are the expectations from IASI Level-2 Temperature
and Water Vapor Products ?

1. Whether IASI Retrievals are Comparable to AIRS
Retrievals (Similar Sounding Instruments)

— Yield
— RMS Difference and Bias wrt RAOBs

2. Improvement seen with the IASI/AIRS Retrievals
Compared to the Currently Operating Baseline Systems

e M2-ATOVS (9:30 AM/PM) Retrievals from the
Same MetOp Platform (HIRS + AMSU-A/B)

e NOAA-18 ATOVS (1:30 PM/AM) Retrievals are
Time Coincident with Aqua-AIRS Retrievals

e How IASI/AIRS Retrievals, ECMWF and AVN
Models Compare with RAOBs ?

3. Cloud Clearing Aspects Aqua-AIRS MetOp IASI
» Differences and Impacts of 9 FOVs vs. 4 FOVs




m Instruments, Algorithms

i
o' and Products

MetOp
IASI (4 FOVs) IASI+AMSU-A/B :
A g : AS) Channels Used in
AMSU-A Retrieval Products 1 1
e Aoorithn | Physical Retrieval
Aqua ro.0 AIRS+AMSU-A —
AIRS (9 FOVs) |:> ] |:"> AIRS 58 69
AMgU A Retrieval Products
i Algorithm 103 152
Pondering Questions That Need Careful Attention 41 Q7
While Evaluating Retrievals 0 =
Y~ Instrument Differences:AIRS vs. IASI, Geometry, Channels,
SIN, Spectral Resolution, and other Trade-Offs 36 33
Y Algorithm Differences: Three Pivotal Points: (a) Cloud 59 59
Clearing IASI (4 FOVs) vs. AIRS (9 FOVs), (b) Channels Used 79

in the Physical Retrieval (and the FG Reg), (c) Retrieval Conv. 14
Criteria, Quality Indicators, Rejection Thresholds, etc.

Y Consequences of Satellite Orbit Time (IASI: 9:30 AM/PM;
AIRS:1:30 PM/AM) (Diurnal Differences, Regional Sampling, 60
and Collocations with in-situ Measurments with a Stipulated
Time and Distance criteria (+/- 3 HRs, 100 Km Radius

58




IASI and AIRS RAOB Matches
Data Used : 01/20/2008 - 08/02/2008
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IASI- T(p), q(p) RMS Difference
Global (L+S+Coast) NSAMP=12,666 Yield: 55%
Acceptance Criteria: Mid-Troposphere Temp Flag = 0
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mg;g! AIRS-T(p), q(p) RMS Difference

Global (L+S+Coast) NSAMP=5,993, Yield: 36% @
Acceptance Criteria: Mid-Troposphere Temp Flag =0
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IASI & AIRS Physical Ret vs. First Guess T(p) ,d(p)
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IASI & AIRS T(p), q(p) RMS Difference @
Physical Retrievals: LAND ALL v
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Experiments: Noise Amplification
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Noise Amplification in Cloud Clearing Procedure
Global Samples AIRS (9 FOVs)
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Noise Amplification in Cloud Clearing Procedure @
Global Samples IASI (4 FOVs) v
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AIRS and IASI Accepted Samples
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(BEE)
@G0  AIRS (FOVs 2,4, 6, 8) like IASI
D@D and IASI Polar Samples
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IASI and AIRS Retrieval Stats Using A """/
Common Data Set

Space-Collocated
Matches of Q:l
AIRS/IASI with
RAOBs

Longitude Longitude
‘ AIRS 1:30 PM/AM ‘ J L IASI 9:30 AM/PM

Matched Locations of MetOp-lASI, Aqua-AIRS with RAOBs

AIRS (1:30 AM/PM) RAOB IASI (9:30 AM/PM)

Latitude

IASI & AIRS
Radiances
Retrievals

RAOBs
+
Corresponding
ECMWF
AVN
ATOVS RET

Latitude

450 -100 -50 O 50 100 150
Longitude

Y Experiments and Retrieval Statistics with IASI and AIRS
Matches at the Same Locations
Y (1) IASI Retrievals

Y (2) AIRS Retrievals
Y (3) AIRS Like IASI Retrievals (AIRS FOVs:2,4,6,8)




IASI & AIRS and AIRS Like IASI -
with -Rej3 T(p), q(p) RMS Difference
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BOD IASI & AIRS with -Rej3 and V50 QA
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Questions Addressed @
TASI and AIRS - With Global RAOBs

 Whether IASI Retrievals are Comparable with the AIRS Retrievals In
terms of

— Accuracy — YES
— Yield — YES - Higher than AIRS Yield (Currently)

— Global Temperature Retrieval: IASI and AIRS are comparable.

e Over Oceans: AIRS Mid-Troposphere Temperatures are slightly
better

— Global Water Vapor Retrieval: IASI is slightly better

e Over Oceans: AIRS and IASI are comparable, with AIRS
showing better upper level water vapor RMS

— IASI Retrievals Need to Improve Over the Polar Regions both
in terms of yield and RMS

e How much improvement is seen with the IASI (and AIRS) retrievals
compared to the ATOVS

e At Least half a Degree RMS improvement over M2-ATOVS
Retrievals

e Substantial Improvement over M2-ATOVS water vapor
retrievals
* In the presence of a Hyper-spectral Sounder like the AIRS, the

AMSU-B adds little or NO Improvement to the Retrieval of
Water Vapor.

20




Summary- Cloud-Clearing

* AIRS retrievals appear to enjoy some of the
advantages with 9FOV cloud-clearing compared
to IASI 4 FOV cloud clearing. Noise
amplification plots reveal better distribution of
total and accepted samples that eventually
Improves cloud-cleared radiances despite the

fact that there could be more clouds in the
afternoon over land.

* AIRS like IASI experiment (4 FOV AIRS) with
real data shows a slight advantage in cloud
-clearing compared to IASI retrievals. This could
be due to the geometry of the AIRS FOVs
(Overlapping and spread-out) vs. IASI FOVs
(Circular and Closer) where AIRS might be
having a better S/N compared |ASI.




Summary-Future Work

Q.

IASI Retrieval Algorithm - Optimization
» Cloud-Clearing
— 4 FOVs - Show Inability to identify uniform scenes and

tendency of Confusion with Overcast (Especially over Polar
Regions) — Better QA, and Residual Tests

— Cloud Clearing /Channel Optimization (Use of shortwave
channels in cloud-clearing (YES/NO ?)
— Clear Flag Detection
» Retrieval Convergence Criteria, Residual Tests, Rejection
Criteria
» FG improvement with more Training Data

IASI global retrievals for the region 60S — 60 N are quite
comparable to AIRS with a relatively larger yield than the
yield currently seen with the AIRS.

With improvements expected in the FG IASI training
samples, and expected optimization in cloud-clearing, IASI
Retrievals are bound to improve.

However even with the current Algorithm, the results are
quite comparable. In next 3 months with all the expected

changes we are planning, IASI Instrument and the Algorithm
shows lot of potential.




Web Interface for IASI/AIRS Validations
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Thank You for your Attention
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IASI- T(p), q(p) RMS Difference
Sea Samples NSAMP=2,848
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BOY  AIRS - T(p), q(p) RMS Difference
, .
BO6 Sea Samples NSAMP=540
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AIRS (9FOVs),
" AIRS (4FOVs) Like IASI and TASI
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Q.

Datasets and Evaluation

Bias and RMS difference Statistics with Reference to RAOBs.
Statistics for MetOp-1ASI (9:30AM/PM)
Acceptance Criteria: Mid-Troposphere Temp Flag =0
Solid Lines for IASI (9:30 AM/PM)

RAOB vs. |IASI Final - Physical Retrievals
RAOB vs. IASI Fast Regression (FG)

Similar Statistics for Aqua-AIRS (1:30 PM/AM)
Dotted Lines
Similar Color Convention
Acceptance Criteria: Mid-Troposphere Temp Flag = 0
(I do have comparison with V5 QA also)

These Figures are only a few selected ones. Go to our website to
see RMS and Bias Plots for

Any region (tropics, midlat, polar, global)
Any category: land/sea; day/night etc.

http://www.orbit2.nesdis.noaa.gov/smcd/spb/iosspdt/iosspdt.php#1
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Datasets and Evaluation

Bias and RMS difference Statistics with Reference to RAOBs.
Statistics for MetOp-1ASI (9:30AM/PM)
Acceptance Criteria: Mid-Troposphere Temp Flag =0
Solid Lines for IASI (9:30 AM/PM)

RAOB vs. |IASI Final - Physical Retrievals
RAOB vs. IASI Fast Regression (FG)

Similar Statistics for Aqua-AIRS (1:30 PM/AM)
Dotted Lines
Similar Color Convention
Acceptance Criteria: Mid-Troposphere Temp Flag = 0
(I do have comparison with V5 QA also)

These Figures are only a few selected ones. Go to our website to
see RMS and Bias Plots for

Any region (tropics, midlat, polar, global)
Any category: land/sea; day/night etc.

http://www.orbit2.nesdis.noaa.gov/smcd/spb/iosspdt/iosspdt.php#1
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IASI & AIRS T(p), q(p) RMS Difference
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IASI & AIRS with -Rej3 and V50 QA Flags
T(p), q(p) Bias (Common Data Set)
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IASI & AIRS and AIRS Like IASI

with -Rej3 T(p), q(p) Bias
\ Common Data Set

NN

Pressure (hPa)
a—x
PiRtsesser¢h{fba)
~

v
TSN
1080 ‘ S
4 &5 1 405 & 05 1 ,c15 2 10004 70 70 30 T
. -60 -30 0 30 60
Temp@RBRI MRS dite (K) Water Xapor §%§rl§{zfles:{%ce (%)

|- -=1ASI_PR — AIRS_PR_4FOV <~ AIRS_PRPR| |-=-=-1ASI_PR —— AIRS_PR_4FOV - AIRS_PR|PR|

IASI, AIRS with -Rej3 Option,
IASI & AIRS Collocated to the same Ground Location




Yield.

Pressure (hPa)

10

-
[=]
o

1000

N ]
N <
\\M\\{L‘~; \L:fh Rl
o Nl
| '
A ‘s
N\ i
X e e fpm=="" v
N - - A ---""
== L — L

‘A E \l

o [

o "

© [
: } ;
S g [
o L]
: : :
s !
3 ) []
° P

- = -/
10 20 30 40 50 60 70 80

Sample Count

——AIRS_REJ - ¢ - AIRS_VS50 —=—|ASI_REJ = AR4FOV




Yield.

Pressure (hPa)

100

1000

s - \} \\
; I ..
4} 4} [
i i !
N B .
. .// _/

10 20 30 40 50 60 70
Sample Count

|——AIRS_REJ - - - AIRS_V50 —=— IASI_REJ = AR4FOV

80




Cloud-Clearing Aspects
IASI 4 FOVs and AIRS 9 FOVs

Noise Amplification in the Cloud Cleared Radiance
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Statistics AIRS QA -rej3 option
(Whole Profile is Accepted/Rejected)

Temperature Water Vapor Ozone
Layer | Upper | Lower | Layer | Upper | Lower | Layer | Upper | Lower
Prs Prs Prs Prs Prs Prs
(hPa) | (hPa) (hPa) | (hPa) (hPa) | (hPa)
15 103 126 1 0 201 1 0 2
16 126 142 2 201 314 2 2 4
17 142 160 3 314 407 3 4 8
18 160 190 4 407 516 4 8 16
19 190 223 5 516 618 5 16 32
20 223 273 6 618 707 6 32 66
21 273 314 7 707 853 7 66 126
22 314 344 8 853 1100 8 126 223
23 344 407 9 223 359
24 407 478 10 359 535
25 478 535 11 535 754
26 535 618 12 754 1100
27 618 684
28 684 778
29 778 879
30 879 1100

C

C

@

RAOB/O3SND is taken
as Reference.

Temperature Stats for
1 Km Layers

1000-0.1 hPa

Water Vapor Stats

2 km layers 1000-200
hPa

Ozone — Umkehr
Layers 1000-10 hPa

%RMS is computed
by Weighting RMS
difference with Truth
in the layer.

%Bias is computed by
(AIRS-Truth)/Truth)



IASI and AIRS RAOB Matches p16

AIRS- Accepted Matches (After RAOB Selection):5993
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Tropics:10%; Mid-Lat:68% Polar:22%

IASI- Accepted Matches (After RAOB Selection):12566
(NH:77%, SH:23%); (LAND:78%, Sea:22%); (Day:60%,Night:40%)
Tropics:28%; Mid-Lat:64% Polar:8%
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Time Series of Cloud Fraction during the Daytime @
(M. D. King, S. Platnick et al. - NASA GSFC)

July 2002 - January 2007
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Noise Amplification in Cloud Clearing Procedure

AIRS (9 FOVs)
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Noise Amplification in Cloud Clearing Procedure

IASI (4 FOVs)

Percentage of Samples (%)
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Noise Amplification in Cloud Clearing Procedure

AIRS (9 FOVs)
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Noise Amplification in Cloud Clearing Procedure
IASI (4 FOVs)
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Percentage of Accepted Samples for each bin wrt to

AIRS (9 FOVs) and IASI 4 FOV
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Noise Amplification in Cloud Clearing
Procedure IASI (4 FOVs)

Percentage of Samples (%)

Percentage of Samples (%)

100
95
20
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

100
95
20
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Tropical

Totai Samples 14

T anthil

L _  gpmEmaEaFEEEEEEEARE

AT Accepted Samples

—

I\

'*""",JTTWWWTTTTTTT-----------------------r-vr-rvrvrvvvvv

0.5

1 1.5 2 2.5 3
Amplification Factor

= % |ASI_T-ALL-ALL_AC —e—IASI_T-ALL-ALL_OB
—=—]|ASI_T-ALL-ALL_AC ——IASI_T-ALL-ALL_OB

Polar

PSS eaaadl

P anti

.“J." rotal sampies

el

sl

Wl

‘N\\\‘

Accepted Samples

0

FRIPIVRR

0.5

1 1.5 2 25 3
Amplification Factor

= = |ASI_P-ALL-ALL_AC —e—I|ASI_P-ALL-ALL_OB
—=—|ASI_P-ALL-ALL_AC ——IASI_P-ALL-ALL_OB

Percentage of Samples (%)

Percentage of Samples (%)

100
95
20
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

100
95
20
85
80
75
70
65
60
55
50
45
40
35
30
25
20
15
10

Mid-lat

Total SamEIes
PO e cantl
e andl
el
o~
7~

I ..-.-“-..““.....“.....““....
Vd ..-I"" Accepted Samples
o

T T T P P PP T Y YYR TP YYeeeeeee

0 0.5 1 1.5 2 25 3
Amplification Factor

= % |ASI_M-ALL-ALL_AC —e—I|ASI_M-ALL-ALL_OB
—=—I|ASI_M-ALL-ALL_AC ——IASI_M-ALL-ALL_OB

Global

Total S !
p

PO aatid

..'...-~

v eati

o~

-~

~ S

/ --.IIIIIII-II'IIII-----__

P g Accepted Samples

e ar

O-W.. B e e e e s e e A

0 0.5 1 1.5 2 25 3
Amplification Factor

= % |ASI_G-ALL-ALL_AC —e—IASI_G-ALL-ALL_OB
—=—|AS|_G-ALL-ALL_AC ——IASI_G-ALL-ALL_OB




Validation Data

MetOp-lIASI/Aqua-AIRS
Match-up Database

(Adapted to MetOP-IASI from Aqua-AIRS Validation System)

YRAOB Measurements Matched to Aqua (1:30 AM/
PM) and MetOP(9:30 AM/PM) Satellite Observations

Y MetOp-IASI/AMSU-A/AMSU-B Level1B Radiances

Y1ASI Level-2 Retrievals

Y Aqua-AIRS/AMSU-A Level1B Radiances

Y AIRS Level-2 Retrievals

YNCEP-GFS (AVN) Level2-Forecast/Analysis

Y ECMWEF Level-2 Forecast/Analysis

Y MetOp-ATOVS/NOAA-18 Level-2 Retrievals

Collocated Within 3 Hrs. & 100 Km Radius
Data Used In this Study : November, 2007-2008

Source of RAOB Data : OSDPD MDB




Validation Data - Algorithms 9.

Emp|r Coeff. Instr SpeCIf
(Regrss & Tuning) ‘ R?;Leev al }/ (RTA & Noise)

ECMWF
NCEP
SONDES
[ Retrleval ATOVS

products

MetOp-IASI/Aqua-AIRS Emulate IASI/AIRS Retrieval
(Adapted to MM)?TSSI?;’Err? AB:—tAIaRE?/:iﬁation System) Algorith mSI v:‘_) 'rlsj O'r] 5
Reprocessing Options with
Algorithm Upgrades, New
Data

Y MetOp-IASI/AMSU-A/AMSU-B Level1B Radiances TeStlpg New lde.as in the
VIASI Level-2 Retrievals Retrieval Algorithm

Y Aqua-AIRS/AMSU-A Level1B Radiances
YAIRS Level-2 Retrievals
YMetOp-ATOVS/NOAA-18 Level-2 Retrievals

Collocated Within £3 Hrs. & 100 Km Radius
Data Used In this Study : November, 2007-2008




IASI & AIRS Physical Ret vs. First Guess T(p), q(p)
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