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VALIDATE WEATHER AND CLIMATE
ANALYSES
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Motivation

] AIRS, IASI and aircraft interferometer have
cy and stability of AIRS and 1ASI.

®* Finally we have a very precise, accurate reference dataset to validate
other datasets, such as radiosondes, model analyses, reanalyses, etc.

®* Unlike GPS RO, the thermal infrared radiances are influenced by key
essential climate variables:

— CO2, CH4, 03, CO, Clouds, Aerosols, Temperature, Moisture.

® CLARREO mission is design to meet this objective, with onboard SI
traceability.

® Climate Reanalyses are gaining recognition for providing climate trends
but each are different, why??
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Total Precipitable Water Diff (%2): ERAM—ECMWF, Above 500 MB, Sep2004
bias=11.3523 rms=12.2848
count=259920 min=-38.944 max=43.8521
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Total Precipitable Water Diff {%): ERAM—ECMWF, Above 800 MB, $Sep2004
biag=4.02537 rms=6. 29 5
count=259920 min=-58.6155 max=74.3653
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ECMWF Weather Analysis — September 2004

Total Precipitable Water Diff (%): ERAIM—ECMWF, Above 700 MB, Sep2004
biag=6.04922 rms=7.64281
count=259920 min=-80.9105 max=69.7934
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ally Resolved InfraRed (SRIR)
ate Data Record (CDR)

scribe a new spectrally resolved
from AIRS demonstrate its utility to:

— Validate weather analyses and climate reanalyses to test the
realism 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
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0 Atmospheric Change
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Approach

st AIRS observations and then average
1 monthly grids for both ascending and
descending orbits. (Spectrally Resolved InfraRed
(SRIR) Climate Data Record: 2003 — 2007)

® \We create gridded datasets of ECMWF and NCEP

analyses and compute brightness temperatures using
SARTA (Strow).

® Compute differences between observations and
calculate, and make an assessment of which model is
more accurate.



A

Iting factors

limb adjustment?

oW good Is the radiative transfer model
(SARTA)?
— AIRS is climate quality

— Spectroscopy IS Not (quote from Strow)

+ Hence the RTA must be tuned against high quality
Insitu observations
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tuned using GRUAN-like
radiosondes

Applled to qlobal raobs
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Uncertainty of the SARTA is less than 0.5 K
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31AS with global radiosonde

Sonde Bias
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lerive the SRIR
climatology
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Steps

are converted to Principal Component
ored Into gridded daily datasets (0.5 long x

® 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 monthly clear and all-sky gridded datasets of limb
adjusted brightness temperatures.
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b Adjustment Methodology:

dir PCS to the nadir PCS.

limb adjusted PCS from the first six PCS and the

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



e A Tt orrasiont Sarice Example of AIRS limb adjusted data

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

Lim. t'.h:';rr,m.?!u,0 2005, [.97cm—1 ]
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Limb effect '

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 Jul Ascendmg

251.1
230.2
229.8
228.8
2278
2263
23641
228.2
2244
238
2227
231.49
2211
220.2
216.4
218.8
217.7
216.9
216.4

' Warmer brightness temperatures correspond

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

d in detail in [Goldberg et al., 2003].
2390 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

Monthly Averags Limb Adjuated BT, All 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=274.193 std=19.1584
count=64336 min=209.532 max=316.106 count=64011 min=209.532 max=317.288

Descending: mean=263.883 std=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

T e =
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| | |
2100 216 2923 225 235 242 048 054 2A1 267 273 DBO 286 297 293 305 2100 216 2923 225 235 242 048 054 2A1 267 273 DBO 286 297 293 305
NOAA/NESDIS /STAR /SMCD /5PB /IDSSPOT 2008—-11-18 10:04 NOAA/NESDIS /STAR /SMCD /5PB /IDSSPOT 2008—-11-18 21:35
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SRIR climatology
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f Limb Adjustment

Limb adjustment successfully removes the large scanline dependency
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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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SRR validation by comparing measured vs
d brightness temperatures against
with and without limb adjustment

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

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

Ascending: bias=-0.15108 rms=0.456039 Ascending: bias=—0.190429 rms=0.556302
count=35252 min=—58.52405 max=2.38672 count=35245 min=—3.60048 max=2.74487

ol 50 3 HE T20E

Descending: bias=—0.166987 rma=0.4868186 Descending: bias=—0.0413993 rms=0.565817
count=33603 min=—-10.3708 max=2.37924 count=33592 min=—-10.9084 max=3.48587
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Bias and standard deviation nearly the same, channel peaks near 700 mb
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=4 o LSRR validation by comparing measured vs
d brightness temperatures against
with and without limb adjustment

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

Obsenabion — ECMWF, 1598.43cm—1, Clear Sky, Na Scare, Sep, 2004 Limb Adjustad AT, 7 PCs — ECMWF {MAD). 1598.48cm—1, Clear Sky, No Scare, Sep, 2004
Ascending: bias=-0.0661891 rms=1.11611 Ascending: bias=—0.00965988 rms=1.12849

count=35252 min=—9.75042 max=16.7093 count=35245 min=—10.0071 max=16.4171
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Descending: bias=-0.116707 rma=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
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Bias and standard deviation nearly the same, water vapor channel peaking
near 500 mb (for mean profile)
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Water Vapor above 500mb, Sept. 2003
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Koy | Data, and Information Service ECMWF 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)

ECWF (AD) ~ COAS (NAD), 801.098cm-1, AN Sky, Sep, 2004 ECWWF (AD) ~ COAS (NAD), 7238280m-1, Al Sky, Sep, 2004 ECWWF (AD) ~ COAS (NAD), 704 4360m-1, Al Sky, Sep, 2004

Ascending: bias=0,152822 rms=0.345362 Ascending; bias=0.0034263 rms=022101 Aseendin%: biag=-0.12814 ms=0.219024
count=64722 min=-3.0799 max=2.53982 sount=64722 min=-2.0102 max=1,36794 count=64/22 min=-1,16527 max=1.36495

Descending: bies=0.14949] rms=0.300216 Descending: bias=-0.00183653 rme=0.218622 Descending: bias=-0.136878 rma=0.224389
count=64635 min=-2.77622 max=2.00234 count=64655 min=-2.08678 max=1.38104 count=64635 min=-0.947857 max=1.26165

Water vapor®
sensitivity ®

[
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1200 L] { 13 120 i} il 0 e 120E

=50 -40 =30 A0 <10 Do 0 A0 30 40 &0 =50 -40 -30 -20 b DO 10 2D 30 40 &0 =50 -40 -30 -20 -lp o 00 10 A0 A0

Temperature channel differences are very small
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s GDAS simulated brightness temperatures
cm* (40 mb), and D: 667.018 cm™ (25 mb)

ECLWF (MAD) — COAS (MAD), 668 786cm—1, Al Sky, Sep, 2004

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

a0k Ak

ECUWF (MAD) — COAS (MAD), B67.018cm -1, All Sky, Sep, 2004
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s GDAS simulated brightness temperatures
m-1 (15 mb) and B: 667.775 cm-1 (1.5 mb)

ECMWF {NAD) — GDAS (NAD), 667.27cm—1, All Sky, Sep, 2804

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

Ascending: bias=-0.870112 rms=1.12672 Ascending: bias=—1.89734 rms=2.74684
count=64722 min=—3.02423 max=3.47758 count=64722 min=—-86.04548 max=8.48418

00k

T ______________ _____________
LR
w0 R, g '__ ________

i =" L A r— et

L

1200 G0k

A Desacending: bias=-0.787291 rms=1.05588 B Descanding: bias=-1.67336 rma=2.54601
count=64655 min=—2.92686 max=3.57628 count=64655 min=-6.30512 max=8.44682

AN

30k

EQ

303

Finally we see large differences at 15 and 1.5 mb
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nus GDAS simulated brightness temperatures
07 cm (315 mb) and B: 1598.45 cm* (490 mb)

ECWWF {NAD} — GDAS (NAD), 1519.07cm—1, All Sky, Sep, 2004

ECMWF {NAD)} — GDAS (NAD), 1598.43cm—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=-3.15038 max=8.00342

Descending: biag=1.20973 rma=1.39601 Descending: biaz=0.743487 rms=0.949117
count=64655 min=—3.51067 max=5.75882 caunt=64655 min=-3.0182 max=4.69273
QGN' i Ty : . - .
a1 q’.ii_;‘;‘j:“‘“:’o .“' R # "‘ , =
e T s oo

a0

;;w.m.\z;p B N <
a0 ; ‘ '

B

05

120w 00 [ 0E 120E
NN T [ T T T T e Ml [T
=50 —4.0 =3.0 —=2.0 1. 0.0 1.0 2.0 3.0 4.0 &0

And large differences in water vapor
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more accurate at ~15 mb

Limb Adjusted BT, 7 POs — ECUWF (NAD), 867 27cm—1, All Sky, Sep, 2004

Ascending: bias=-0.0900103 rms=0.561132 Ascending: bias=-0.955278 rms=1.34594
count=64344 min=-2.89319 max=6.56436 count=64339 min=—-3.54988 max=7.16165

Limb Adjusled BT, 7 PCa — GOAS (NAD), 867 27cm—1, All Sky, Sep, 2004

08 1300 L) 0 BOE 120E 1201 ) a HOE 120E

/ \ Descending: bias=-0.128159 rma=0.54294 B Descending: bias=-0.9186129 rma=1.34128
count=64374 min=-2.80619 max=5.57146 count=64366 min=-3.34767 max=5.976486

0K 20K

AON :?"-2;';7,:’-1,‘ T .G e :
oM r (%- ¢
I St { . .
& oy s
308 : ?
i L.

Difference between limb adjusted AIRS
and simulated ECMWEF brightness
temperatures (A) and with NCEP (B) for
667.27 cm-1 (15 mb)
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more accurate at~ 1.5 mb

Limb Adjusted BT, 7 PCa — ECMWF {NAD), 667.775cm—1, All Sky, Sep, 2004 Limb Adjusted BT, 7 PCa — GDAS {NAD), 667.775cm—1, All Sky, Sep, 2004

Agcending: bias=—1.66927 rms=1.99811 Agcending: bias=—3.56201 rms=4.06716
count=64344 min=—58.47488 max=4.86778 count=64339 min=—7.96894 max=7.25009

Ak =

a0r

aon] o SRR, TR L Py TR SR LR ] 0w R R T R e PR PP

- T ' = |
i : ) di o ;mﬂ (LA

#05 1200 BOW a HOE lI'zI)E #05 1200 BOW = a - HOE 120E

A Descending: bias=-1.83739 rma=2.0548 B Descending: bias=-3.51311 rms=3.96571

count=64374 min=—10.463 max=4.77075 count=84366 min=—7.76561 max=6.00906

- e =
205
Az aaw a A0E 120E
T T 1 T [ T -
—50 —40 3.0 20 10 DO 1.0 2.0 3.0 4.0 5.0

Difterence between lIImb adjusted AIRS
and simulated ECMWEF brightness
temperatures (A) and with NCEP (B) for
667.775 cm' (1.5 mb)
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water vapor field more accurate?
r tropospheric water vapor channel (1519 cm-1)
ospheric water vapor channel (1598 cm-1)

lot = -4
3“0 ' ’ ' Ba JH
Hlond = 0.0
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zan O3 = 311.0 DUz=12 kr
€0 = 121 ppb 1
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E 260 0 =10 o
1598 T
v " J28 &
gg .--"'----_----- SMM =6 km
220 L - 1
e 2=4 k)
: . . . : g =2 ki
aoo 1000 1200 1400 1600 1800 2000 ZZUD —
Wavenumber (cm™) B e i G

000 005 010 015 020 025 00
Instrument Sensitivity(AT) for 5% change in Ha0, K/km
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Observed AIRS minus ECMWF Simulated AIRS for Upper Trop. Water V apor

Ascending: bias=0.739526 rms=1.64274 Asoendina: hias=0.611965 rms=1.33402 Ascending: bias=0.713495 rms=1.42539

1200 &0l 0 60E {HE September’ 1 51 gl 07 Cm'T b3 12000 sl a HE 1208

405 408
Descendmg bias=0.806916 rms=1.68002 uescenamg: DIgS=U.73/438 rma=1.22481 Dascending: bias=0816108 rms=1538%1
count=31107 min=-20.7551 max=17.8308 . count=33592 min=-12.8482 max=16.5283 ) count=32612 min=-10.2056 max=19.5798

[T T T T T T - BT T [ [ [ [ [ [ o~ T 1 [ [ [ [ [ ]
e 10 20 30 40 50

2003 © 72004 «— AIRS assimilated operat|onaliy—>2df)5

5.0

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

Note 2004 ECMWF assimilated AIRS

sount= 33296 min=-16.2292 max=20.2521 . count=35245 min=-10.596 max=16.6671 count=34461 min=-14.687 mux-15702'." .
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Observed AIRS minus NCEP Simulated AIRS for Upper Trop. Water Va por
Ascending: bias=2.33919 rms=2.98609 Ascending: bias=2.18469 rms=2.65235 Ascending: bias=1,07439 rms=1,78724

¢ount=30410 min=-14.3502 max=21.5538 count-55133 min=-13.2313 max= !9 9008 count=34458 min=-10.62 mux=187242

o — — L
oo "

iy
3

l‘?{ L‘r\* hy 4‘ ",'-

b 2 6 ] SE 1206

20E 200 U1 Q 60E 1208
September 1519.07 cm!
Descending: biaa=2.37926 rma=3.00286 154 Descending: bias=1.13911 rma=1.90701
count=27728 min=-13.3416 max=23.7942 count=3349% min=-14.5042 max-IE 2267 count=32603 min=-11.5761 mox=18.3335
N 3 R : L

| 1pl.
nw*«e' AT

- a0 A ] (3 12E
=50 40 30 ‘ . 30 40 &0 m b =40 =30 =20 -0 DO 1.0 20 3.0 40 50
2003 2004  AIRS assimilated operationally — 2005

NCEP bias is 3 times larger but reduces by half after AIRS is assimilated.
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Observed AIRS minus ECMWF Simulated AIRS for Mid. Trop. Water Va por

Ascending: bias=0.0775871 rms=1.36024 Ascending: bias=-0,00965988 rms=1,12844 hscending: bias=-0.0985281 rms=1.14666
count=33296 min=-11,4684 max=15.5337 count=35245 min=-10,0071 max=16.4171 count=34481 min=-12.2345 max= I+U103
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Descendma bias=0.134889 rms=1.37997 Lescanaing: DIgS=U.UZbazu1 rms=1.18533 Descendinz: bios=-0.0133827 rma=1.19657
count=31107 min=-11.1455 max=12.9063 count=33542 min=-11.5689 max=13.0889 count=32612 min=-9.85136 max=11.8735
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" ; s "’m
EE’ L
300 0 %ﬁ\
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305 308
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2003 2004 +— AIRS assimilated operationally —>2005

ECMWEF bias is nearly zero !!!
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Observed AIRS minus NCEP Simulated AIRS for Mid. Trop. Water Vap or

Ascending: bias=0.878548 rms=1.809 Ascending: bias=0.89881 rms=1.57801 Ascending: bies=0.572103 rms=1,41223
g count=34458 min=-9.91933 max=14.0818

count=30410 min=-12.9485 max=18.2543 count=351

3 min=-8.46484 max=16.6099

Sl e

September, 1598.49 cm! B

Descending: bias=0.935697 rms=1.8164 Descending: bias=0.628501 rms=1.3489
count=27728 min=-11.1691 max=16.7782 » count=33434 min=-13.4903 max=15.8993 count=32603 min=-8.68994 max=17.4872

100 L (] §E 120E

=50 -40 -30 -20 -10 04 1.0 20 30 40 50 m_—;nl—ll.ul o‘m l I!o ! ZM =50 -40 -.'i.tol =20 -0 0O 1.0 20 30 40 30
2003 2004 AIRS assimilated operationally —2005

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



water vapor fields are
more accurate

® QOperational change in ECMWEF in Sept. 2006 caused
an increase In the bias.

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

troduction of Cycle 31r1. This version includes the

d scheme, Including treatment of ice supersaturation

and new numerics

* |Implicit computation of convective transports

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

® Gust 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
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%((GDAS—ECMWF) /ECMWF)

bias=11.4516,rms=22.7131

L I=I=]
-90-70-50-30-20-15-10-5 0 5 10 15 20 30 50 70 90

= 1.5

1.25

0.75
0.5

0.25

%((GDAS—ECMWF) /ECMWF)

bias=0.367858,rms=21.4215
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above 500 mb in 2006 is now
lar with NCEP
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ospheric Water Vapor Channel - 2006

Limb Adjusted BT, 7 PCs — ECMMENQ.MIyﬂymEL Clear Sky, No Score, Sep, 2006 Limb Adjusted BT, 7 PCs — GDAS {NN,QiﬁEﬂ—i. Clear Sky, No Score, Sep, 2006

Ascending: bias=1.545 rms=2.09211 Ascending: bias=1.1298 rms=2.11822
count=30344 min=—13.2702 max=22.2539 count=25209 min=—17.3364 max=21.5035

R & 8 Mo f IR0 - V0L —— e =

90N

20k

LR

J0M

305

BOS

20 1zan A0 Q $0E 120E o 1200 a0l Q S0E 120E

Dascending: bias=1.19426 rms=2.17833
count=23638 min=—13.5455 max=19.7611

TR = e ET o g (1

90k =

ECMWEF bias is now larger than NCEP!!! (increased by ~0.8 K)
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eric Water Vapor Channel - 2006

Limb Adjusted BT, 7 EQMW)Emmm-i. Clear Sky, No Score, Sep, 2006  Limb Adjusted BT, 7 PCs — GJMNAQEP =1, Clsar Sky, No Score, Sep, 2006

Ascending: bias=0.43418 rms=1.29288 Ascending: bias=0.657356 rms=1.70947
count=30 min=-13.195 max=16.0325

3

Descending: bias=0.449189 rms=1.31255
count=30741 min=—13.0642 max=14.7593

— =k

ECMWEF bias is nearing NCEP
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So what Is the cause??

> water vapor (TPW) above 200 mb is nearly twice as large

(thisis consistent for 2006, 2007, 2008)

Pracp Water {above 200LAB), ECUWF, Sep, 2005

Ascending: mean=0.00688914 std=0.00404231
count=64812 min=0.00229686 max=0.0422541

Bk
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Descending: mean=0.006983395 std=0.00414626
count=563308 min=0.00215838 maox=0.0384316

80N TR
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18 1204 120E 180
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Precip Water {above 200MB), ECUWF, Sep, 20086

Ascending: mean=0.0103912 std=0.00686976
count=60533 min=0.00268439 max=0.0367425

Bkl
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Descending: mean=0.010538 3td=0.0067149
count=58623 min=0.00261917 max=0.0359632
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Water Yapor Sross—Saclion, ECWWF, (2003-2005) /2008 (%)

Ascending: mean=-1.69638 std=6.69409
count=46208 min=-30.6876 max=27.7328

100

150 12001 B0 ) BOE 120E 16

Descending: mean=-1.81166 std=7.04913
count=46208 min=-25.4245 max=33.1658

100

180 12040 ac 1 EDE 120E 180

By, 1 ] D .
—90.0 —72.0 -540 -3B8.0 —180 0.0

2003

[ 1
180 380 540 7200 90D

100

100

erence (%) of ECMWEF using 2005 as Base Year
2ar to year differences (2003 — 2005, 2004 — 2005

Water Vapor Croes—Sackion, ECLWE, (2004-2008) /2005 (%)

Ascending: mean=-1.92665 std=7.30636
count=46208 min=-25.3074 max=238.101

150 12041 B ] BUE 120E 160

Descending: mean=-1.47719 std=7.45873
count=48208 min=-25.0952 max=41.1136

180 1204 | 1] EOE 120E 180

Bany, I N
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Water Vapor Crose—Saction, ECUWF, (2006-2008) /2005 (%)

Deacending: mean=7.1877 atd=10.6747
count=456208 min=-20.3207 max=55.8853

100

—80.0 =720 -54.0 =360 -180 00 180 F6d 540 TZO o 900

2006

difference with 2005 is now much larger

ce (%) of ECMWEF using 2005 as Base Year

Water Vapor Cross—Sachon, ECUWF, (2007-2005) /2008 (%)

Ascending: mean=12.7802 std=16.063%
count=46208 min=-21.4512 max=59.8314

Descending: mean=12.5862 std=16.1389
count=46208 min=-19.6088 max=58.9336

—80.0 =720 -54.0 =360 —18.0 00 180 360 540 TIO o J00

2007 (2008 ~ 2007)
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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), 1519.07cm—1, Clear Sky, SST Only, Sep, 2008 Limb Adjusted BT, 7 PCa — ECMWF (NAD), 1598.48cm—1, Clear Sky, SST Only, Sep, 2004
Ascending: bias=1.58327 rms=2.21479 Ascending: bias=0.512181 rms=1.51725

count=3864 2 min=—17.2329 max= 19 0339 count=38422 min=—13. 0998 max= 13 3609

Descending: bias=1.58877 rms=2.39864 Dascending: bias=0.407457 rms=1.64683
count=34417 min=—17.8672 max=20.3508 count=34417 min=—14.3076 max=16.5478

_..J:i ] o

1201 aau 0 ACE 120E 1201 aau 0 ACE 120E
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ration of Reanalyzes

MERRA ERA JRA-25 CFSR
Interim
Producer NASA ECMWF | JMA NCEP
Time Period 1979-now 1989-now | 1979-now 1979 to 2009
Data Assimilation | Incremental Analysis 4AD-Var 3D-Var 3D-Var

Updates (1AU)

Vertical Resolution | 42 37 23 64
Model Top 0.1 1.0 0.4 0.26
(hPa)

Horizontal 0.66*0.5 1.5*1.5 1.25*1.25 0.5*0.5
Resolution

Data Format HDF netCDF GRIB ?
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A levels ~ 5%

®* RMSE ~ 7%

® Cannot determine which water vapor field is
more accurate If differences are within 7%



National Environmental Satellite,
v Data, and Information Service

ECMWF Weather Analysis Sept. 2007

Total Precipitable Water Diff é%) ERNH—ECWF Ahcue 500 MB, Sep2007 Total Precipitable Water lef g%) ERAIM-ECMWF, Above 700 MB, Sep2007
bias=3.94374 rms=5.0 bias=2.42603 rms=4.3826
count=259920 min=—53.5101 mar—ZB 0389 count=253920 min=-96.2037 max=66.4586

ian 1308 [T [] 3 1206

180 120w 800 a BOE 120E

=450 = 40.0-30.0~30,0 -75.0~20.0-15,0- 10.0 ~B.0 0.0 BD 100 168 I0.0 JA0 360 IAD 400 450

—45.0-40.0-35.0-30.0 -25.0-20.0-15.0-10:0 -50 0.0 50 100 152 200 250 380 350 40.0 45.0

Total Precipitoble Water Diff (3): ERAIM-ECMWF, Above 800 MB, Sep2o07
biag=2.02273 rms=4.52328
count=259920 min=-101.923 max=74.4772

ECMWEF 2003 — 2005 can be
used to validate reanalyses

| 5

=480 40 0= 0= 30 0 =25 0=200-180-100F =500 0.0 5.0 100 150 200 250 30 S50 400 450
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Total Precipitable Water Diff (%): ERAIM—ECMWF, Above 500 MB, Sep2004
bias=11.3523 rms=12.2843
count=259920 min=-38.944 max=43.8521

GON
30N

EQ
305

ssd 2 . TS P I - o

180 1200 Lty a E0E 120E

-45,0-40.0-35,0-30,0-25.8-20.0-15.0-10.0 =50 0.0 &0 180 150 20.0 250 0.0 350 40.0 450

Total Precipitable Water Diff (%): ERAIM—ECMWF, Above 800 MB, Sep2004
bias=4.02537 rms=6.42975
count=259920 min=—§8.6155 max=74.,3653

180 1200 B a BOE 120E

—45.0-40.0-35,0-30.0 -25.0-20.0-15.0-10.8 =50 4.0 &0 180 150 20.0 250 30.0 35.0 40.0 454

ECMWF Weather Analysis Sept. 2004

=128

=175

Total Precipitable Water Diff (%): ERAIM—-ECMWF, Above 700 MB, Sep2004

bias=6.04922 rms=7.64281
count=259920 min=-380.9105 max=69.7934

—45.0-40.0-36,.0-30.0-25.0-20.0—-15.0-18.0¢ —5.0 &0 G0 180 150 Z00 250 300 3560 40.0 45.0

— Emizsivity (0.94 -0.96 )

Surface & low

Surface temperature (+1K) (RED) |
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Total Precipitable Water Diff (é'z)’ ERAIM-JRA25, Above 500 MB, Sep2004
bias=12.7534 rms=17.3312
count=259200 min=—96.4588 max=77.1743

1200 &ou! a B0E 120E

[ I
—450-40.0—-38,0-300-252-20.0-150-10.0 =50 &40 &0 10,0 150 2000 250 300 350 400 450

ERAIM - JRA25

nd ERA Interim (above 500 mb)

Total Precipitable Water Diff (%): ECMWF- JRA25 Above 500 MB, Sep2004
bias=1.33145 rms=14.3672
count=259200 min=—178.474 max=75.98

120w B0 a BOE 120E

I I I I I
—45.0-40.0-35.0-30.0-25.0-20.0-15.0-15.0 =5.0 &0 50 120 152 200 Z50 300 35.0 40.0 450

ECMWF - JRA25
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Total Precipitable Water, Truth, Sep200+ Total Precipitable Water, Truth, Sep2004
mean=13.9514 std=14.9 mean=18.9764 std=15.1504

count=51360 min=0.0477415 max 62.8299 count=260281 min=0.112127 max=63.6754

0.000 5909 .88 172727 23838 I9.545 30480 41,384 47273 63182 59091 85,000
Q.000 5903 11,818 17.727 23835 29545 36405 41384 47273 43182 59091 B5.000

Total Precipitable Water Diff: ECMWF—JRA2S, Sep2004
bias=0.120866 rms=1.91553
count=259200 min=-21.2793 max=25.8576

TPW Comparisgn of
ECMWEF vs JRA25

130 1200 B0l a B0E 120E

I I I I I I I
—-45 —40 =55 =30 =24 =20 -1.5 =10 =0.5 4.0 085 10 15 2.0 25 A0 25 40 48




ERA-40

Changes in satellite data used
1.- lEFI'.Hﬂ T anomaly

Mo apparent changes in satelde daia used, BUT Big inter-stream jumpa|

Meailly CFSR Temperainre Anomalles CFSR
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NO big jumps between satellites and
streams in MERRA
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Courtesy of Craig Long
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JNEriC temperature.
-1 channel (1.5 hPa)

AIRS 2006/09/01 Dese.  666.698 cm-1
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Summary

RIR radiance CDR

sists of monthly brightness
temperatures for all AIRS channels

— Ascending (day), clear sky

— Ascending, all sky

— Descending (night), clear sky

— Descending, all sky datasets

* Will extend Into the future, and also use IASI
and CrlS
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] for 5 years data from January 2003:

la Firefox

Tools Help

| http: f fvavsn . skar . nesdis.noaa . govfsmedspbfiosspdt flimb fwmap . php?numpe=7arcchn= 1655

test Headlines Iﬁ Customize Links |j Free Hokmail Ij wiindows Marketplace Ij Windows Media Ij Windows

. iZI | a Lirmb Adjustrment Results Izi | a Limb Adjustment Results ﬁ |

Meonth: [2 %]  Year: [2004 ~| Type [Limb All Sky ~

Channel: | 704 — 993 714 1% |
B

693 — 986,15
G394 — 986,577
W Egg,gg?_gg;‘ b Adjuated BT, 993.7140cm—1, 7 PCa, Feb, 2004
697 — 985.247 ;
698 — 988.665 ing: Mmean=266.947 std=19.4743
G99 —959.923 64349 min=219.147 max=320.369
g 700—990.343
701 — 990,763
702 — 992,447

703 —993.292

o
3 705—3994.137
706 — 994 561
707 —994985 [t
7058 — 995.409 "
709 — 996683
Z 710—937.109 A
711 — 998388

712 —4998.815

Descending: mean=263.925 std=18.3739
count=64391 min=221.978 max=297.767




summary

WO Very important

— Determine the accuracy of model analyses
(ECMWEF is more accurate 2003-2005, the so-
called “Golden Years”)

— Demonstrate the use of the SRIR to monitor the
accuracy of models as a function of time
(Observed a degradation of ECMWF vs AIRS
bias after ECWMF operational changes in
September 2006)
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AIRS versus IASI Stability

-0.0019K/year + 0.008K/year (corrected for lag-1 correlation of 0.45)

IASI/AIRS

(AIRS - IAS]) ECMWF Bias

0.04
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Total Precipitable Water Diff (%): JRA25— ECMWF Above 500 MB, Sep2004 Total Precipitable Water Diff (%): JRA25—ECMWF, Above 700 MB, Sep2004
biag=-4.05271 rms=21.1 bias=-3.63526 rms=17.2116
count=259200 min=-316.32 max 64- 09 count=259200 min=-157.347 max=61.1574
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Lescending: bias=u,/3/420 rms=1.22481

Total Precipitable Water Diff (%; JRA25—ECMWF, Ahove 800 MB, Sep2004 count=335492 min=—12.8482 max=16.5283
bias=—2.76522 rms=16.0491

count=259200 min=—175.896 max=65.6222

—_— 2064 4—AIRS assimilate

I I I
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stical results

OES-11 GOES-11 | GOES-11Ch5 | GOES-12 Ch6
Ch3 Ch4
6.7 10.7 12.0 13.3
Double Sample number | 694 688 691 626
Differ
ENCES | Mean (K) -0.0707 -0.0262 -0.041 -0.0751
95% confidence | 0.0052 0.0116 0.0135 0.0124
level (K)
SNOs Sample number | 228 * 228 228 228
Mean (K) -0.011 -0.0624 -0.010 -0.0124
95% confidence | 0.0091 0.0300 0.0295 0.0211
level (K)
01/29/2010 Task140 Brief 60




	USING HYPERSPECTRAL INFRARED RADIANCE GLOBAL DATA SETS TO VALIDATE WEATHER AND CLIMATE ANALYSES
	Motivation
	NCEP Water Vapor is consistently higher than ECMWF Wx Analysis
	Slide Number 4
	AIRS Spectrally Resolved InfraRed (SRIR) Climate Data Record (CDR)
	AIRS Sensitivity to Atmospheric Change
	Approach
	Limiting factors
	SARTA is tuned using GRUAN-like radiosondes
	SARTA BIAS with global radiosonde
	Slide Number 11
	Steps
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Clear Flag
	Slide Number 17
	Validation of the SRIR climatology
	Validation of Limb Adjustment
	SRIR validation by comparing measured vs simulated brightness temperatures against ECMWF with and without limb adjustment
	SRIR validation by comparing measured vs simulated brightness temperatures against ECMWF with and without limb adjustment
	Validation of model fields using AIRS clear-sky SRIR climatology
	Slide Number 23
	ECMWF minus GDAS simulated brightness temperatures for C:  666.766 cm-1 (40 mb), and D: 667.018 cm-1 (25 mb)�
	ECMWF minus GDAS simulated brightness temperatures for A: 667.27 cm-1 (15 mb)   and B: 667.775 cm-1 (1.5 mb) 
	ECMWF minus GDAS simulated brightness temperatures for A: 1519.07 cm-1 (315 mb) and B: 1598.45 cm-1 (490 mb) 
	ECMWF more accurate at ~15 mb
	ECMWF more accurate at ~ 1.5 mb
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	ECMWF water vapor fields are more accurate
	Sept.  2006 Changes
	Note ECMWF TPW above 500 mb in 2006 is now similar with NCEP
	Upper Tropospheric Water Vapor Channel - 2006
	Mid Tropospheric Water Vapor Channel - 2006
	So what is the cause??
	Slide Number 40
	Slide Number 41
	Slide Number 42
	 
	New Generation of Reanalyzes 
	Conservative Error Budget for Water Vapor Channels
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Stratospheric temperature: �666.7 cm-1 channel (1.5 hPa) 
	Summary
	Slide Number 54
	Summary
	Backup
	Slide Number 57
	Slide Number 58
	Results
	Statistical results

