Climate Applications of High
Resolution Infrared Sounders
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® Challenge - long term stability, accuracy,
precision of observations.

® AIRS and IASI have exceptional long term
stability and remarkable accuracy
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GOES-13 Imager Band 6 spectral response functions, original (blue) and with a -4.7 cm-1 shift (green),

superimposed on spectral radiance for the U. S. Standard Atmosphere (red).
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AIRS_GOS12_2007052.dat
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pu do with an irrefutable
data set??

® Validate other observing systems

® Validate NWP analyses, forecasts, reanalyses,
climate projections

® Derive level 2 products but the retrieval
process will result in the products not being
irrefutable.
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RADIOSONDE DISCONTINUITIES IN THE STRATOSPHERE
Radiosonde » MSU/AMSU »
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Satellites can
serve as
transfers
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monitor
radiosondes



@, yaldatonetMid- to Upper-Trop
Water Raobs

—+— Night Bias
—+— Day Bias Averages over
—&— Night-STD hundreds of sonde

5 Dav.STD 5 5 5 launches over 3 years,
y ............ .. .. f ] . 1 4 5 ROREL 5+ Si.res.

0.8

Possible RS-90
day vs night bias

Bias or Std in K

1250 1300 1350 1400 1450 1500 1550 1600
Wavenumber (cm'1)



- National Environmental Satellite,

-

NOAAMNESDIS Collocated Profile Displaxs

Retrieval-Radiosonde Collocations
Radiosonde Location 116 available out of 7377 Land Island Coast Island Inland Ship

April 25, 2000 (16=) to Invay 1, 2009 14=)

INOAATMTESIDIS Collocated Profile Displaxs

Retrieval-Radiosonde Collocations
Radiosonde Location 86 available out of F37F7F Land Island Coast Island Inland Ship

Sounding terrain sea
and raob island/ship =

==

April 25, 2000 (16=) to Invay 1. 2009 C14=)

IAS| EU and IASI NOAA common denominator sample w/QC over sea
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Vertical Statistics Display
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NOAA/NESDIS Collocated Profile Display

Retrieval/Radiosonde Collocations
Radiosonde Location 575 available out of 3727 Land Island Coast Island Inland Ship

Il
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March 28, 2009 (16z) to March 31, 2009 (142)

ATOVS, AIRS, IASI-NOAA and IASI-EU ... common denominator sample after respective QC
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NOAA/NESDIS Collocated Profile Display
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Motivation

ST spectrally resolved radiances
e provides the capability to
produce a climate data record of spectrally
resolved infrared radiances (SRIR) with
excellent spatial coverage, twice per day
coverage with unprecedented accuracy and
long-term stability

®* We have developed a SRIR climate data
record
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Outline

lly Resolved Infrared Radiances

RIR Climate Data Record (CDR)

¢ Validation of the SRIR CDR

* Validating ECMWF and NCEP analysis fields using the SRIR
CDR

— (mostly using September months for 2003 through 2008)

* Summary and Conclusion
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adiances observes
re of Climate Change

radiance provides sensitivity to nearly all climate
ks.

ive to changes in

— Carbon dioxide
— Methane
— Carbon monoxide

— Ozone

— Water vapor

— Temperature

— Clouds

— Aerosols

— Surface characteristics
— Etc..

® Spectral Resolved Infrared Radiance datasets allow us to validate the accuracy of
the model by directly comparing simulated with observed data.
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SRIR Objective

very accurate SRIR CDR (with high
ge) from AIRS and demonstrate its

utility to:

— Detect and monitor climate change of temperature,
moisture, GHGs and clouds

Falidate of weather and climate models; to test the redli
of the model-derived atmospheric states with very high
certainty.

— Assess changes in model-derived fields due to assimilation
of new data or an operational change in processing




AIRS has been demonstrated by many investigators
to have excellent accuracy, precision and stability
(critical requirement to produce a CDR without adding uncertainties
usmg adhoc methods to make a dataset stable)
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R Climate Data Records
anced IR Sounders 2002-2020++

2002) spectrally resolved radiances for the first

e capability to produce a climatology of SRIR with
rage, twice per day coverage, unprecedented
accuracy and long-term stability.

®* Extended SRIR climate data records can be derived from:
— NASA AIRS - Atmospheric Infrared Sounder (2002 —2012) (14 km fov)

— EUMETSAT IASI - Infrared Atmospheric Sounding Interferometer (2006 —
2020’s) (12 km)

— NPP/NPOESS CrIS - Cross-track Infrared Sounder (2011 —2020’s) (15
km)

— Possible Geostationary Advanced Sounder (2020’s) (10> 5 km)

® Continuous accumulation of the SRIR datasets will enable broad
applications of the data set in climate analysis and model verifications.
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e converted to Principal Component
ored into gridded daily datasets (0.5 long x
d descending).

®* PCS are limb adjusted and stored in angle adjusted gridded
daily datasets

* Angle adjusted PCS are converted to brightness temperatures
and stored in gridded daily datasets.

* Each gridbox for each dataset has a clear flag.

* Compute daily/monthly clear and all-sky gridded datasets of
limb adjusted brightness temperatures.



. National Environmental Satellite,
@ Data, and Information Service

Imb Adjustment Methodology:

adir PCS to the nadir PCS.

e limb adjusted PCS from the first six PCS and the

PCS to be limb adjusted

6
Limb-adj PCS(n,angle) = > C(i,angle)*PCS(i,angle) + C(n,angle)*PCS(n,angle)
i=1

The regression coefficients are generated from six months of data. Averaged
PCS as a function of scan angle (90 per scan line) over two degree latitude bands
for ocean and non ocean cases.

Step 2) Reconstruct the limb adjusted radiance from the limb-adjusted PCS.

Step 3) Convert the limb adjusted radiances to limb adjusted brightness
temperatures
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t radiances to allow for studies
| patterns (AMSU example)
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Goldberg, M. D., D. S., Crosby, and L. Zhou, 2001: The limb adjustment of AMSU A observations: methodology and validation.
J. Appl. Meteor., 40, 70-83.



7 Data, and Information Service Example of AIRS limb adjusted data

Lim. Caorr, Jonuary 2005, [1055.97cm=1]

Lim. Corr, Januqry 1st, 200§6E[ID.97cm—1]

leb effeCt T T a BOE Ta0

Limb corrected (upper left) and original observed (lower left) AIRS radiance;
monthly averaged limb corrected (upper right) and original (lower right) AIRS radiance
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1520.87cm—1

2006 Mid — upper tropospheric water vapor channel~—
Jan Ascending

2311
2302
2298
22B8.6
227.8
22639
2161
L2562
B 2244
2236
gl 2227
2313
2211
220.2
2164
21B.E
2123
2168.9
2164

Y Warmer brightness temperatures correspond

ERA40 July 1979-2001 mean to dryer air and matches areas of
descending air from ERA40
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lear Flag

in detail in [Goldberg et al., 2003].

90 cm-1) from AMSU

® Compare predicted AIRS (2390 cm-1) with actual AIRS.

® Predict surface temperature from AIRS and compare with
NCEP forecast surface temperature.

* Compute variability of AIRS (2390 cm-1) for 3x3 array of
AIRS footprints within the AMSU footprint.
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All Sky Clear Sky

Manthly Averaqs Limb Adjuated BT, Al Sky, Ost 2005, 1001.382m—1 Manthly Average Limb Adjusted BT, Claar Sky, Oct 2005, 1001.38em—1
Ascending: mean=267.007 std=18.127 N Ascending: mean=274.198 std=19.1584
count=64386 min=209.532 max=316.106 count=64011 min=209.532 max=317.288

Descending: mean=263.883 gtd=16.8159 Descending: mean=270.57 std=18.0633
count=64422 min=198.485 max=297.527 count=63972 min=198.314 max=297.494
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oL

| | |
210 216 223 225 235 242 243 254 261 267 273 280 286 292 288 305 210 216 223 225 235 242 243 254 261 267 273 280 286 292 288 305
MOAA/MESDIS /STAR /SNCD /SPB,/10SSPDT 2008-11-18 10:04 MOAA/MESDIS /STAR /SNCD /SPB,/10SSPDT 2008-11-18 21:35
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e SRIR climatology
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of Limb Adjustment

Limb adjustment successfully removes the large scanline dependency

I | BELT E
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\ ch 231 =240

Citfarenea with Canter

‘ !J -.lIIII r'l..l. I I | 1 1 | R | i PR IR M [ s x 0 s | L ]
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Baarm Position

Deviations of averaged original (colored curves) for groups of channels and limb adjusted
(heavy dashed curve) brightness temperatures from nadir as a function of beam position
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LU RERvalidation by comparing measured vs
ed brightness temperatures against
F with and without limb adjustment

(sim, f(angle)) Limb adjusted — EC(sim, f(nadir))

Observation — ECMWF, 723.029cm—1, Clear Sky, No Scare, Sep, 2004 Limb Adjusted BT, 7 PCs — ECMWF {NAD), 723.0289cm—1, Clear Sky, No Score, Sep, 2004

Ascending: bias=—0.15108 rms=0.456039 Ascending: bias=—0.180429 rms=0.556302
count=35252 min=—8.52405 max=2.38672 count=35245 min=—8.60046 max=2.74437

1200/ S0 a GOE 1Z0E 12018 &0 Q SCE 120E

Deacending: bias=—0.166967 rma=0.486816 Deacending: bias=—0.0413993 rms=0.5658617
ceunt=33803 min=-10.3708 max=2.37924 count=33592 min=-—10.9084 max=3.48587

1200 alw a acE 120E 1200 adw a ace 120E.
T T 1T T T T T T - Baee,, I I I S S —— g
—5.0 —4.0 —-3.0 —2,0 —1.k 0.0 1.0 2.0 3.0 4.0 8.0 —5.0 —4.0 =30 —2.0 —1.D (X e] 1.0 2.0 3.0 4.0 5.0

Bias and standard deviation nearly the same, channel peaks near 700 mb
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& USRER-validation by comparing measured vs
ed brightness temperatures against

with and without limb adjustment
(sim, f(angle)) Limb adjusted — EC(sim, f(nadir))

Observation — ECMWF, 1598 49em—1, Clear Sky, Na Score, Sep, 2004 Limb Adjusted BT, 7 PCs — ECMWF {NAD), 1598 .49cm—1, Claar Sky, No Score, Sep, 2004

Ascending: bias=—0.0661891 rms=1.118611 Ascending: bias=—0.00965983 rms=1.12849
count=35252 min=-—9.79042 max=16.7093 count=35245 min=—10.0071 max=16.4171

M

aan ¥

ELL

S
1200 ) SOE 120E

Descending: bias=-0.116707 rms=1.19503 Descending: bias=0.0265201 rms=1.18533
count=33603 min=-—11.6857 max=13.0458 count=33592 min=-—11.5689 max=13.0889

S0M

05

1Zaw adw a ace 120E 1zaw adw a ace 12DE
1T T T T T T T e ~SlENENTTTT TT T T T 1T T 1T 1T 1T e
—5.D —4.0 =30 =2,0 —1.0 0.0 1.0 2.0 3.0 4.0 5.0 =0 —4.0 =3.0 —2.0 =D 0.0 1.0 2.0 3.0 4.0 2.0

Bias and standard deviation nearly the same, water vapor channel peaking
near 500 mb (for mean profile)
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elds using AIRS clear-sky
SRIR climatology



CEP vs ECMWF

ferences between the NCEP and
alyses
® Mean bias and standard deviations for

temperature are nearly the same, except in
upper stratosphere.

* Water vapor differences are very large

® Following few slides shows differences of
simulated AIRS (ECMWF) — simulated
AIRS(NCEP/GDAS) (no measured data are
used)
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TWP-2
ECMWF-2003-07
ECMWF-2004-01
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s e | © ECMWEF minus GDAS simulated

: brightness temperatures for A: 801.09 cm-"

(850 mb), B: 723.029 cm-' (700 mb), and
C: 704.436 cm-' (350 mb)

ECUWF {HAD) ~ GOKS (NAD), 01.09%cm~1, ANl Sky, Sep, 2004 ECUWF (D) ~ GOKS (D), 723628cm -1, ANl Sky, Sep, 2004 ECUWF {HAD) ~ GOKS (NAD), 704.436cm -1, ANl Sky, Sep, 2004

Ascending; bias=0.152822 rms=0,345362 Ascending; bias=0,0034263 rms=0.22101 Ascendin%: hias==0.12814 rms=0.219024
count=64722 min=-3.0799 max=2.83982 count=64722 min=-2.0102 max=1,36794 aount=64/22 min=-1,18527 max=1.39995

Dascending; biga=0.144493 rma=0.300216 Dascending: biag==0,00183653 rma=0.218622 Descending: bias=-0.136878 rma=0.224389
count=64635 min=-2.77622 max=2.00234 count=64635 min=-2.08674 max=1.38104 count=64655 min=-0.947857 max=1.26265

Water vapor <
sensitivity

L]

05

05

11 il 0 E 120 11 il 0 E 120 11 il 0 E 120

~ NN T 1 [ [ 1 [ [ -
50 40 30 20 10 00 10 20 30 40 & 50 40 30 20 10 00 10 20 30 40 & 50 40 30 20 10 00 10 20 30 40 &

Temperature channel differences are very small
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<) oo TECMWEminus GDAS simulated brightness temperatures
: 5 cm! (40 mb), and D: 667.018 cm! (25 mb)

ECUWF (MAD) — GDAS (MAD), 868.766cm—1, All Sky, Ssp, 2004

Ascending: bias=0.0177204 rms=0.117121 Ascending: bias=-0.22552 rms=0.26192
count=64722 min=-1.57379 max=2.52542 count=64722 min=—1.75775 max=2.05731

00k

ECWWF {NAD) — CDAS (MAD), 667.018cm—1, Al Sky, Sep, 2004

00k

i) i)

M M
EQ EQ
305 305

EDS EDS

05
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C Descending: bias=0.0362061 rms=0,149237 D Descending: bias=—0.209098 rms=0.256626
count=64655 min=—1.44522 max=3.10333 count=64655 min=—1.99518 max=1.34569
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ECMWF {NADY — GDAS (NAD), B67.27cm~—1, All Sky, Sep, 2804

Ascending: bias=—-0.870112 rms=1.12672
count=64722 min=-3.02423 max=3.47758

A Deacending: bias=-0.787291 rms=1.05586
count=64655 min=-2.92686 max=3.57628

us GDAS simulated brightness temperatures
cm-1 (15 mb) and B: 667.775 cm-1 (1.5 mb)

ECMWF {NAD) — GDAS (NAD), 667.775cm—1, All Sky, Sep, 2004

Agcending: bias=—1.89734 rms=2.74684
count=64722 min=—6.04546 max=8.48418

adk

wl sl '
0 . l i & _.'. ........
, = - - . — . -

05 =

B Descending: bias=-1.67336 rma=2.54601
count=64655 min=-6.30512 max=8.44682

N R

e W = Gt :.

3au

EQ

305

Finally we see large differences at 15 and 1.5 mb



National Environmental Satellite,

Data, and Information Service

inus GDAS simulated brightness temperatures
07 em! (315 mb) and B: 1598.45 cm™ (490 mb)

ECMWF {NAD) — GDAS (NAD), 1519.07cm~1, All Sky, Sep, 2004

Ascending: bias=1.2539 rms=1.43501 Ascending: bias=0.76404 rms=0.968526
count=84722 min=-2.85356 max=5.502 count=64722 min=-23.15038 max=8.00342

< 3 P

ECMWF {NAD) — GDAS (NAD), 1598.48cm-1, All Sky, Sep, 2004

05

A

Descending: bias=1.20973 rms=1.39601
count=646855 min=—3.51067 max=5.75882 count=64655 min=-3.0182 max=4.65273

Dascending: bias=0.743487 rms=0.949117

H0k H0k

And large differences in water vapor



(C/ National Environmental Satellite,

Data, and Information Service

the SRIR as the Jury

Limb Adjualed BT, 7 PCa — ECUWF (NAD), 667.27em—1, All Sky, Sep, 2004

Limb Adjualed BT, 7 PCa — ODAS (NAD), 667.27em—1, All Sky, Sep, 2004

Ascending: bias=-0.0900103 rms=0.561132 Ascending: bias=-0.955278 rms=1.34594
count=64344 min=—2.88319 max=6.56436 count=64339 min=—3.54986 max=7.16185
20N
A0H Q_}Jg—?——”

£

305

_ *h i =

A Descending: bias=-0.128159 rms=0.54294 Descending: bias=-0.916129 rms=1.34126
count=64§74 min=-2.80619 max=5.57146 count=64386 min=-3.34767 max=5.97646

80N

Difference between limb adjusted AIRS
and simulated ECMWF brightness
temperatures (A) and with NCEP (B) for
667.27 cm-! (15 mb)




(C/ National Environmental Satellite,

Data, and Information Service

the SRIR as the Jury

Limb Adjusted BT, 7 PCa — ECMWF (NADY, 867.775cm—1, All Sky, Sep, 2004

Limb Adjusted BT, 7 PCa — COAS (NAD), 867.775cm—1, All Sky, Sep, 2004

Ascending: bias=—1.66927 rms=1.99811 Ascending: bias=—3.56201 rms=4.06718
64344 mi 8.47488 max=4.86778 count=64339 min=-7.96894 max=7.25009

90N =TT

a0k

!
0N e 1Y

ans —— e

i Ll
1201 Gl a SCE 12DE

1204 G a SCE 12DE

/ \ Descending: bias=-1.83739 rms=2.0548 B Descending: bias=-3.51311 rma=3.96571
count=64374 min=-10.483 max=4.77075 count=64366 min=-7.76561 max=6.009086

RS aan a [ 120E

Difference between Imb adjusted AIRS
and simulated ECMWF brightness
temperatures (A) and with NCEP (B) for
667.775 cm (1.5 mb)




- National Environmental Satellite,

Data, and Information Service

t water vapor??

-

Precip Water (mm), Sept. 2003 Total Precip Water (mm), Sept. 2004

-

& > 85
g 52
&2 9%
58 58
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5o a0
47 47
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35 35
32 {32
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IE 20 é 20
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Y 14 Y 14
4, 11 < 11
= =]
o 8 = 8
bins=0.032347,rms=1.77488 bios=1.13944,rms=1.8063
_4_3_5_3_2,5_2_{5_'1_4_59 [ |!5 é 255 3 35 4 —4-35-3-25-2-15-1-050 1 15 2 2.5 3 35 +

NCEP water vapor (TPW) is consistently higher



- National Environmental Satellite,

&'”Fy Data, and Information Service

ut water vapor??

Water Vapor above 500mb, Sept. 2004

-

Water Vapor above 500mb, Sept. 2003

-
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NCEP water vapor above 500 mb (TPW) is consistently higher (20%)
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ater vapor field more accurate?
tropospheric water vapor channel (1519 cm-1)
spheric water vapor channel (1598 cm-1)
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Instrument Sensitivity(T) for 5% change ' H0, 4/km



National Environmental Satellite,

Data, and Information Service

Observed AIRS minus ECMWF Simulated AIRS for Upper Trop. Water V apor

Ascending: bias=0,739526 rme=1,64274 Ascending: bios=0.611965 rms=1,39402 Ascending: bias=0.713435 rma=1.42533
count= 33296 min=-16.2292 mex-20 2521 count=35245 min=-10.596 max=16.6671 count=34481 min=-14.687 max-lﬁ 7027 -

805 — 805

1200 L] a HE 1208 20E 1200 L] a #E 1206
September, 1519.07 cm!
Des?ergdini\g? bias=0.806916 rms=1.68002 uescenamg: DIGS=U. 737436 rma=1.32481 Descending: biaa=0.816108 rma=1.53891
count=

min=-20.7551 max=17.8908 count=33592 min=-12.8482 max=16.5283 count=32612 min=-10.2056 max=19.5798

=50 -40 Jlﬂll =20 : e ﬂlilﬁm =50 -4 -3 1D DJ} 1 - m—‘ |—1‘D| e [ 30 440 50
2003" T 008 <= AIRS assimiated operationally—»2005~

ECMWEF bias is about 0.7 K, and seems to be consistent for 2003 — 2005

Note 2004 ECMWF assimilated AIRS



(C/ National Environmental Satellite,

Data, and Information Service

Observed AIRS minus NCEP Simulated AIRS for Upper Trop. Water Va por

Ascendm? bias=2.33919 rms=2.98609 Ascending: bias=2.16469 rme=2.65235 Ascending: bias=1.07439 rms=1.78724
count=30410 mm=-143502 max=21.5598 count=351 3 min=-13, 2313 max=19 9005 . count=34458 min=-10.62 max=18.7242

o Ef

anf

|
E ‘g

50! V
"\ »M

12w 0 L HOE 12E E
September, 1519.07 cm”
Descending: bias=2.37926 rma=1.00286 S | Descending: bias=1.13911 rma=1.90701
count=2772 mm——133415 max=23, 7942 count=33494 min=—14.9042 max=16.2267 count=32603 min=-11.5761 max= 183335
O ™ I -

[ RN R
=50 40 30 =20 -0 Qo 1.0 20 30 40 50 50 -40 30 =20 -0 DO 1.0 20 30 40 50 0 =40 =30 =20 =10 00 10 28 30 40 50
2003 2004 AIRS assimilated operationally — 2005

NCEP bias is 3 times larger but reduces by half after AIRS is assimilated.



National Environmental Satellite,

Data, and Information Service

Observed AIRS minus ECMWF Simulated AIRS for Mid. Trop. Water Va por

Ascends’ng: bias=0.0775871 rms=1.38024 Ascending: bias=-0.00965988 rms=1,12844 hscending: bias=-0,0989282 rms=1.14668
count=33296 min=-11.4684 max=155337 ‘ count=35245 min=-10.0071 max=16.4171 count=34481 min=-12.2345 max=14.0103

A

S September 159849 cm™ ©

I}escendinﬂ: bies=0.134889 rmse=1.37997 U IESCANAING: DIaS=U.UZ60201 rms=1,18533 Descendm% bios=-0.0133827 rms=1.19857
count=31107 min==11.1455 max=12.9063 count=33592 min=-11.5688 max=13.0884 count=32612 min=-9.85136 max=13.8735
9N i :

TR - -

BN

%

0 o ] #E 12 11 09 0 [ 125E

-~ T T T 7T T T - ~NNNTTT T T T 7T 7T - ~NNNITTT T T T 11 11 -

=50 40 <30 .0 -1p 00 10 20 36 40 50 =50 =40 lﬂ =20 -1 00 10 20 30 40 50 =50 40 30 20 10 00 10 20 3¢ 40 B

2003 2004 <— AIRS assimilated operationally —>2005

ECMWE bias is nearly zero !!!



Data, and Information Service

National Environmental Satellite,

Observed AIRS minus NCEP Simulated AIRS for Mid. Trop. Water Vap or

Ascending: bias=0.878548 rms=1.809 Asoending: bias=0.89881 rms=1.57801 Ascending: bias=0.572103 rms=1.41223 —
count=30410 min=-12.9485 max=18.2543 count=35173 min=-8.46484 max=18.6039 ~ count=34458 min=-9.91933 max=14.0818

T

2

=

Descanding: bias=0.628501 rms=1.5489
count=32603 min=-8.68934 max=17.4972

I ~NNNTTT T T T T T 17T - I
2003 2004 AIRS assimilated operationally —»2005

NCEP bias is relatively much larger, reduces after AIRS is assimilated,
but large bias over equatorial eastern Pacific



Data, and Information Service

National Environmental Satellite,

terannual difference - EC

BT Monthly different, 1519.07cm—1, Clear Sky, No Score, 7 PCs, Sep2005—Sep2004

Obasrvation: bag=—_358470 rma=3.43480 ECuMF : Dlan=—0 403840 rma=3 5088 | Linb Adinal blag=—0_7 10824 mis=3 47275
Coub=12157 m---ﬂl.ﬂ.ﬂ n:-‘H.HH aguillk= min=-142023 mn:-ﬂl 173 ecant mat=— 100810 ma=18 37126

Ascending
8

Dibaarvatiar: blaam =3 280058 rmamd 787 ECLF = Blagm= V157 rivamd 0048 | Linb Adnsl Blaam— 271958 rnem) 88484
coun =084 i = 240048 o =22.3515 Samil= == 5488 =284 1 k= tin==222105 mac=21. 158

Descanding
¥

2.0 3.l 4.0 5.0



Data, and Information Service

National Environmental Satellite,

rannual differences - NCEP

BT MWonthly different, 1519.07cm—1, Clear Sky. No Score, 7 PCa, Sep2005-—Sep20d4

Obadrvitisy blad=—0 358470 rna=2.83450 QOAS [HAD]: Blaa=0. 77082 rmae=3 52554 L Admab Blad=—0310828 rde=3 47275
Count=32257 min=-H.43 noe=21.2900 o mil==15.770 ma=21 2088 eant mat=— 00910 mav=183126

. l'.&. |'|I ".II.“

Ascending

Dbvdarvatiar: blaam 0. 2650488 rhamd 87387

GOAS gﬂl; Blsami, 721 (8 nivamd 97143 Linb i1n|= Blrim—0. 371950 riem3 S54480
ooamb=2034 i = -2H0048 nox=22.3515 Salb=23777 min=-1917 na=-21511 Snail= Hin=-222115 axe=21.188
e ’

Descanding




clares ECMWF water
)Or more accurate

® Operational change in ECMWF in Sept. 2006 caused
an increase 1n the bias. (e.g. adaptive bias tuning)

®* NCEP above 500 mb TPW 1n 2003 and 2004 was
20% higher, then in 2005 just 11% higher because
NCEP assimilated AIRS, and 1n 2006 the difference
is close to 0% because of a change in the ECMWF
water vapor field.




- National Environmental Satellite,

&'”Fy Data, and Information Service

%((GDAS—ECMWF) /ECMWF)

bios=11.4516,rms=22.7131

-90-70-50-30-20-15-10-5 0 5 10 15 20 30 50 70 90

11.5

1.25

0.75
0.5

0.25

above 500 mb in 2006 is now

%((GDAS—ECMWF) /ECMWF)

bias=0.367858,rms=21.4215

-90-70-50-30-20-15-10-5 0 5 10 15 20 30 50 70 90




National Environmental Satellite,
Data, and Information Service

opospheric Water Vapor Channel

Limb Adjusted BT, 7 PCs — EEHMQENQ.MIYLMMEL Clsar Sky, No Score, Sep, 2006 Limb Adjusted BT, 7 PCs — GDAS {NN,QIE&—I, Clear Sky, No Score, Sep, 2006

Ascending: bias=1.545 rms=2.09211 Ascending: bigas=1.1293 rms=2.11822
count=30344 min=-13.2702 max=22.2539 count=25209 min=-17.3364 max=21.5035

T
et I - = et g s =

20N

g 500 B ) W 5 g 7w & 3 e 120
Deacending: bias=1.81995 rms=2.185 Deascending: bias=1.19426 rms=2.17833

count=30741 min=-10.733 max=19.7652 count=23638 min=—13.5455 max=19.7611

oo, L (= e

ECMWEF bias is now larger than NCEP!!! (increased by ~0.8 K)



Data, and Information Service

(C/ National Environmental Satellite,

spheric Water Vapor Channel

Limb Adjusted BT, 7 EQMW},F‘IEQSA&:m-L Clear Sky, No Soors, Sep, 2006  Limb Adjusted AT, 7 PCs — GJASNAQ1EE —1, Clear Sky, No Score, Sep, 2006

Ascending: bias=0.43418 rms=1.29283 Ascending: bias=0.657356 rms=1.70947
count=30344 min=-13.195 max=16.0325 count=25208 min=-9.80433 max=20.0803
e T —T B T == : T e | 3 5
30N kL
EQ EQ
"
305 305
so5{ ssf ) L §
o 1200 &0 a H0E 120E L 1200 AW a 0E 20
Descending: bias=0.449189 rms=1.31255 Descending: biaa=0.8419682 rms=1.70943

count=30741 min=-13.0642 max=14.7593

count=23638 min=—12.0424 max=19.7079

ST i L& e x B
w -
o 0%
1200 adw a aE 120E 120 Ak a 60E 120E
I T T T T T T ) O
-50 -40 -3.0 -20 -10 DO 1.0 2.0 3.0 40 50 -50 -40 -3.0 —20 -10 0O 1.0 2.0 3.0 4.0 5.0

ECMWEF bias is nearing NCEP



National Environmental Satellite,

Data, and Information Service

Precip Water {abowe 200WB), ECUWF, Sep, 2005

Ascending: mean=0.00689914 std=0.00405231
count=64812 min=0.00229686 max=0.0422541

Bk

1200 120E 18D

Descending: mean=0.006898385 std=0.00414626
count=563308 min=0.00215838 max=0.03843186

IR ———

120E 18

c.Coz 0008 0004 o043 D018 0020 Do+ DO0ZF 2031 0034 DOGE 2o

So what is the cause??

water vapor (TPW) above 200 mb is nearly twice as large
(this'is consistent for 2006, 2007, 2008)

Precp Water {above 200ME), ECLWF, Sep, 2006

Ascending: mean=0.0103812 std=0.00666976
count=60533 min=0.00268439 max=0.0367425
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Descending: mean=0.010538 std=0.0067149
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< National Environmental Satellite,

@ Data, and Information Service

erence (%) of ECMWF using 2005 as Base Year
ear to year differences (2003 — 2005, 2004 — 2005

Water Vapor Cross—Sachon, ECLMWF, (2003-2005) /2005 (%) Waber Vapor Cross—Sackon, ECUMWE, (2004 -2008) /2005 {%)
Ascending: mean=-1.69638 std=6.69409 Ascending: mean=—1.926635 std=7.30636
count=46208 min=-30.6876 max=27.7328 count=46208 min=-25.3074 max=38.101
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20 e

0 . . . . . i . . . . .

180 1200 al 0 EDE 120E 180 150 12001 &l 0 BOE 120E 160
Deacending: mean=-1.81166 std=7.04918 Descending: mean=—1.47719 std=7.45873
count=46208 min=-25.4245 max=33.1656 count=48208 min=-25.0952 max=41.1136
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(C/ National Environmental Satellite,

Data, and Information Service

100

100

difference with 2005 is now much larger

150 1200 a0 ] BOE 120E 1HD

Descending: mean=7.1877 3td=10.6747
count=48208 min=-20.3207 max=55.8853

150 1200 A0 ) BOE 120E 16D

~SENENTTTT T T T ] 1
90,0 —72.0 540 -36.0 —180 0.0 180 360 540 FLO 900

2006

erence (%) of ECMWEF using 2005 as Base Year

Watar Vapor Cross—-Saclion, ECUWF, (2007-2008) /2005 (%)

Ascending: mean=12.7902 std=16.0639
count=46208 min=-21.4512 max=59.8314

150 1200 B 0 BDE 120E 16D

Descending: mean=12.5862 std=16.1389
count=48208 min=-19.6088 max=58.9336

e v ==l

180 1200 B 0 BOE 120E 160

~SENTTTT T T T 1
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2007 (2008 ~ 2007)



National Environmental Satellite,

Data, and Information Service

2003 2004 2005 2006
23.22 mm 23.29 22.70 22.34
24.15 mm 24.44 24.02 24.01
0.93 mm 1.14 1.32 1.67
0.69 mm 0.68 0.68 0.75
500mb
e | NCEP PW above 500 | 0.79 mm 0.78 0.75 0.75
mb
f | NCEP - ECMWF 21.14% 20.96% 11.45% 0.37%
g | ECMWF 1519cm™ 0.73K 0.61 0.71 1.55
h | NCEP 1519cm’! 234 K 2.16 1.06 1.13
i | NCEP - ECMWEF* -1.61 K -1.55 -0.35 0.42
j ECWMF 1598cm’! 0.10K -0.01 -0.10 0.43
k | NCEP 1598cm! 0.86 K 0.90 0.56 0.65
1 | NCEP - ECMWF* -0.76 K -0.91 -0.66 -0.22
m | SUM OF DIFF* -2.37K -2.46 -1.01 0.20




September 2008 AIRS — EC bias remains consistent with 2006

Upper trop water vapor mid trop water vapor channel
Limb Adjusted BT, 7 PCa — ECMWF (NAD), 1519.07em—1, Cisar Sky, SST Only, Sep, 2048 Limb Adjusted BT, 7 PCa — ECMWF (NAD), 1598.4%cm -1, Cisar Sky, SST Only, Sep, 2048
Ascending: bias=1.58327 rms=2.21479 Ascending: bias=0.512161 rms=1.51725

count=38422 min=—17.2329 max=138.0339 count=38422 min=—13.0998 max=13.3609

i -E

Descending: bias=1.58977 rms=2.398684 Descanding: bias=0.407457 rms=1.64683
count=34417 min=—17.9672 max=20.3503 count=34417 min=—14.3076 max=16.5473

120 A 0 a0e 120E 120 A 0 a0e 120E




< Ry, 1 1 21 ¢ 13 agree with findings from Larrabee
) using small datasets of collocated
lear AIRS and ECMWF data

Sep 200x - Aug 200x

Sept — Aug 2006

Bias Difference

ook _______________ | _________________ AR _________________ _______________ _____

Sept — Aug 2005

o4k | _______________ ................ ................. S— ................. ................ .....

06k _______________ _________________ _________________ AR _________________ ________________ _____

800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Wavenumber (cm'1)

ECMWEF added adaptive bias tuning on Sept 12, 2006



- National Environmental Satellite,

Data, and Information Service

. 2006 Changes

oduction of Cycle 31rl. This version includes the

scheme, including treatment of ice supersaturation

NeEW nume
® Implicit computation of convective transports

® Introduction of turbulent orographic form drag scheme and revision to
sub-grid scale orographic drag scheme

® QGust fix for orography and stochastic physics

® Reduction of ocean surface relative humidity from 100% to 98% (due to
salinity effects)

® Revised assimilation of rain-affected radiances
® Variational bias correction of satellite radiances

® Thinning of low level AMDAR data (mainly affects Japanese AMDAR
network




I ~—_ National Environmental Satellite,
@ Data, and Information Service

Summary

R radiance CDR

s of daily/monthly

Y peratures for all AIRS channels
— Ascending (day), clear sky

— Ascending, all sky

— Descending (night), clear sky

— Descending, all sky datasets



Summary

d for 5 years data from January 2003:

la Firefox

Toals Help

| hktp: f feaeny, skar . niesdis.noaa. gowsmod)spbfiosspdtflimbvmap . phprnumpc=72&rcchn=1688

tesk Headlines |j Customize Links |j Free Hokmail |j windows Marketplace |j Windows Media |j wWindows

.. LS | @ Limb &djustment Resulks £ | @ Limb Adjustment Results =8 |
Channel: { 704933714 iv| Month:[2 | Year[2004 ~| Type:|[Limb All Sky ~
E93 — 986.16

594 —986.577
B95 — 9586.594

M cop —agr g2a b Adjuated BT, 993.7140cm—1, 7 PCa, Feb, 2004
E97 — G955.247 )
695 — 986.665 ing: mean=266.947 std=19.4743
599 — 989,923 54349 min=219.147 max=320.36%

o 700 —990.343
701 — 990,763

702 —992.447
703 —9593.292

a 705 — 994137 R . : o o y TP
706 — 954.551 j ; - |
707 —994.955 y ol S N e
708 —995.409
709 — 9595653

z 710—997.109
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Descending: mean=263.925 std=1§.3739
count=64391 min=221.978 max=297.767




~~_ National Environmental Satellite,
NOAR

Data, and Information Service

Summary

towards developing a much
thermal infrared radiances at
olution and high spatial global

coverage to:

— Monitor climate change

— Assess the accuracy and realism of weather and
climate analyses and forecasts.



[T National Environmental Satellite,

@ Data, and Information Service

yntribution

ataset for independent and
alidation of model reanalyses
jections, and for monitoring
climate change.

®* Climatology will be extended to include
IASI and CrIS.



