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Workshop on Assimilation of high spectral
resolution sounders in NWP
. 1. Conscious perception with full awareness. June 28- JUIy 15 2004 ECMWF Reading; UK

2. The process of understanding by which newly observed qualities of an object are related to past experience.
% Other hyperspectral Data as well
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B MIXED PHASE
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AIRS%Ie FOV Cloud Free Probability

- el —_—
100 120 140 160 180 200 220 240
SGranubk Mumbear
Clear percentage: 13.7 %
Clear and Land percentage: 6.4% (1.e. ~47% of clear)
Clear and Water percentage: 7.3% (1.e. ~53% of clear)
4/Allen H
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-Clouds in AIRS Data Almost Everywh re in Anytime
-AIRS Spectral$ S
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-Cloud Clearing I
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High S-io\ec‘tral Resolution Sounder (AIRS) &
A Spatial Resolution Imager (MODIS)
Measurements

Wavenumber (cm 1)
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DODIE Bard 31 Colioomsd 10 ARE 1E

AIR'&Spgtlal Features Seen from MODIS

r

6 minutes e el 5 minutes — T
: MODIS 11 Brightness T
AIRS 10 pm Brighiness Temp. Image ; g,"fu (Ugh S SEI“P hﬂﬂgE

MODIS Clear Pixels - MODIS Cloudy pixeks
(within one Single AIRS FOY) - ﬁnﬂunnneﬂmghﬂ[ﬂﬂ FOY)
I Inhomogff-m

' Cluudy AIRS Speu:trmn
MODIS Cloud Phase -
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AIRS Noise Characterization using Principle

nent Analysis (PCA) of Earth. Scene Data

NeDT@250K: estimated from granule 081 and
values from channel propertles file

0.8 1 . NeDT @ 250K, from channel prop flle
— + NeDT @ 250K, PCC estimate
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AIRS Noise Characterization using Principle
nent Analysis (PCA) of Earth Scene Data

NeDT@250K. Mean of 20 July focus granules
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- Scene dependent photon-limited shortwave noise

mean spectra

granule 116, 2616 1/cm Tb histogram 380
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.................................................
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Cloudy

Granule 071 [Lat/Lon: 23.18/-174.65)
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Cloudy AIRS Spectra Cloudy
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- ensitiVﬂ?-‘-‘af-J-lyperspectral IR Measurements
on Cloud Property .
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Cirrus Optical Thickness

Effect of optical thickness and particle The sensitivity of spectral brightness

size on the slope of the spectral temperature to the cloud optical
brightness temperatures and thickness. The assumed effective
wavenumber between 790-960 cm-'. particle size is fixed at 30 pm.
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129960 ECMWEF profiles (every il
2nd profile) F..-—'

(T12Z, 2003-09-02)

ECMWF.2003.09.02.T12Z.uad_HGrbF00.A03248180931 ECMWF.2003.09.02.T12Z.uad_HGrbF00.A03248180931
Level 50 Temperature [K] Level 50 Humidity [a/kg]

Near Surface Temperature Near Surface Temperature
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Left: Number of profiles with LWC or IWC > 0 vs. pressure levels

: Number of profiles with Ctop at certain pressure levels
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B

emperaturé s'.' number of profiles for level 41 (577.4 mbar)

Clear sky: level 41 (577.4 mbar)
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Humidity vs. number of profiles for level 41 (577.4 mbar)

Clear sky: level 41 (577.4 mbar) Water clouds: level 41 (677.4 mbar)
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emperatufé vs. number of profiles for level 49 (857.3 mbar)

Clear sky: level 49 (857.3 mbar) Water clouds: level 49 (857.3 mbar)
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Humidity vs. number of profiles for level 49 (857.3 mbar)

Clear sky: level 49 (857.3 mbar) Water clouds: level 49 (857.3 mbar)
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_Contour plot of number of profiles for temperature

Clear sky: nhumber of profiles Water clouds: number of profiles
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e

ontour plot of number of profiles for humidity [g/kg]

Clear sky: number of profiles Water clouds: number of profiles
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e

. Contour plot of number of profiles for temperature

Clear sky: number of profiles 4 Cloudy skies: number of profiles
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ontour plot of number of profiles for humidity [g/kg]

Clear sky: number of profiles : Cloudy skies: number of profiles

Pressure [mbar]
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Humidity [gfkg] Humidity [gfkg]
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AIRS 162000 L2 Std product retrieval profiles
(2003-09-02, granules 1-120)

Lz Std Temperature [K] at level 4 (850 mbar)

320

J) R R e W R
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number of profiles : Clear sky: number of profiles
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contour plot of number of profiles for humidity [glm
dard product ‘clear_flag’ for clear/ e identific?m.

— -

—

number of profiles : Clear sky: number of profiles Cloudy: number of profiles
10000 50

All 5100 Cloud
8000 Cleared

7000

6000

5000

Pressure [mbar]

4000

3000

2000

1000

0
5 10 5 10 10

Humidity [gfkg] Humidity [g/kg] Humidity [gfkg]

June/2004 CIMSS UW-Madison 29/Allen H




Hur 0] (o] o) number of profiles for humidi Iké]'
ECWMF Cloudy Vs. AIRS Clo red

Cloudy skies: ber of profil
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>Clouds in AIRS Data Almost Eve
JAIRS Spectra natur
JSpatlaI "
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roach
e —

hannel Determination - A

annel oise(N'EdRh _ .
ndent Principal Comp erivation from

- E B

d Rrec, Where Rrec is reconstructed from 20 largest DPCs (from step

ear DPC
cted AIRS clear pixels only (defined by the co-located MODIS cloud
ask where 99% of MODIS pixels within AIRS pixel are confident clear)
Use spectra of clear AIRS pixels only to derive Clear DPC
o oudy Channel Determination
_ ‘:Genfldent Cloudy Channel Decision
.--'_ J'i Determine cloud channel as the absolute value of difference of Robs and Rrec,
~ _where Rrec is reconstructed from 20 largest Clear DPCs (from step 2.1), that
Is larger than 1.5 times of NEdR (from step 1.2)
2. Suspected Cloudy Channel Decision
Same as Confident Cloudy Channel except the absolute value of difference
of Robs and Rrec is smaller than 1.5 times of NEdR but larger than NEdR

_—

-
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shannel Determination = Criteria
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AIRS CIou'a'
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Current AIRS Cloudy Cloud Clearing
Ghidracteristic — Characterization Approach

gast one neighboring AIRS single FOVs (S-FOV) within or
- olf ball that is clear (according to MODIS cloud mask

te bias (mean of differences), RMSE, and RMSD spectra from all
RS/AMSU golf ball CC that has found the corresponding clear S-FOV
il d as above) radiances.

Fig. 1, AIRS golf ball and its neighboring Single FOVs

*AIRS cloud clearing Version 3.5.0.0 D : ATRS golf Ball (3 by 3 S-FOV)
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. Current AIRS Cloudy Cloud Clearing
haracteristic — Case Data, Set —

data are available for AIRS focus days only) are used for
over ocean and Iand are:

E

-611'5 G1 17, G100, G082, G083, G085
G065, G049, G052, G034, G036, G016
G017, G019, G001, G230, G214, G216
G197, G200, G182, G184, G148, G151

*AIRS cloud clearing Version 3.5.0.0
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Clurrent "AIRS Cloudy Cloud Clearing
Characteristic — Case Study Result (Over Ocean)

Bias L1Bclear-L2CC (Ocean Night-A1NIC ,6 sep. 2002, 24G) Bias L1Bclear-L2CC (CGcean Day-ATNIC |6 sep. 2002, 24G)
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*AIRS cloud clearing Version 3.5.0.0
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Clrrent AIRS Cloudy Cloud Clearing
Characteristic— Case Study Result (Over'Land®)

Bias L1Bclear-L2CC (Land Night-A1INIC | no Q.C. 6 sep. 2002, 24G)
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*AIRS cloud clearing Version 3.5.0.0
“With failed quality control data
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. Current AIRS Cloudy Cloud Clearing
Characteristic — Case Study Result (Over Land®)

B 6 Sep 2002 focus aay Granule 58 (Partial Land Day)
Level 1B Brightness Temperature

“#With failed quality control data *AIRS cloud clearing Version 3.5.0.0
June/2004 CIMSS UW-Madison 40/Allen H



 Gurrent 'AIRS Cloudy Cloud Clearing
istic — Case Study Result (Over Landi)

6 Sep 2002 focusa'y Granule 58 (Partial Land Day)
Level 1B Brightness Temperature

02838

*AIRS cloud clearing Version 3.5.0.0

“#With failed quality control data
June/2004 CIMSS UW-Madison 41/Allen H



. Current: AIRS Cloudy Cloud Clearing,
Characteristic — Case Study Result _ggyeﬂang%)

& 6 Sep 2002 focus-c-lgy—Granule 58 (Partial Land Day)
Level 1B Brightness emperature

1000 cm? 1350 cm-’ 1550 cm-’

*AIRS cloud clearing Version 3.5.0.0

“#With failed quality control data
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" Current ATIRS Cloudy Cloud Clearing|
istic— Case Study Result (Over Land®%)

" 6 Sep 2002 focus-a%y—Granule 58 (Partial Land Day)
- Level 1B Brightness emperature

2200 cm-? 2400 cm-1 2600 cm-1

*AIRS cloud clearing Version 3.5.0.0

“#With failed quality control data
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Current”AIRS Cloudy Cloud Clearing
Characteristic — Case Study Result (Over Land®)

< 6 Sep 2002 focus day Granule 58 (Partial Land Day)
AIRS Cloud Mask (derived from co-located MODIS
oud nr _Sk) '

airsCloudMask_Granule058_20020906.mat

Coast of
tral ia i

partly cloudy

Brightness Temp.

*AIRS cloud clearing Version 3.5.0

“#With failed quality control data
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current*AIRS Cloudy:Cloud Clearing

"ham steristic — Case Study Result (Over Land®)

=

6 Sep. 2002 focus day Granule 58 (Partial Land Day)

Bias L2CC AIRS.2002.09.06.058.L2.CC.v3.5.0.0.Test350.T04056195913.hdf
(Combined Day )
—

Operational” =—p> |

Bias N* ailsCqudCIearedDum_GruﬂulelJEI!_ZOOZGSOSJ ch_31calc_32qc_eof.mat
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MODIS/AIRS N* Preliminary

*AIRS cloud clearing Version 3.5.0.( Bool 1000 |1200| |14|00‘ I1sool I1aoo 2000| Izzoo I24oo 2500
“#With failed quality control data Wavemumber [cm”
June/2004 CIMSS UW-Madison
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Aqua MODIS SRF 0verlay on AIRS Spectrum

800 850 a0 950 1000 1060 1100 1150
[

L l | , 28 |

1200 1250 1300 1350 1400 1450 1500 1550 1600 1650

| 23 I222

2400 2500
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Curk
aristic — Case Study Result (Over Land°)

enﬁi-\lRS Cloudy Cloud Clearing

300

UW Nstar 1ch_31cale_32qc conv. MODIS Band 20, Granule 058

AIRS Cloud Cleared BT

*AIRS cloud clearing Version 3.

“~With failed quality control data Band 20
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Current: AIRS Cloudy Cloud Clearing
aristic — Case Study Result (Over Land®)

Pr2002 focusiday,Granulei58: (Partial I:aﬂﬂ's;y)

MODIS Band 29 clear pixels, Granule 058

. JPLCC conv. MODIS Band 29, Granule 058

UW Mstar Tch_31eale_32qc_eof conv. MODIS Band 29, Granule 058

AIRS Cloud Cleared BT

*AIRS cloud clearing Version 3.

“~With failed quality control data Band 29
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currenti AIRS Cloudy Cloud Clearing
Crlzlr jstic — Case Study Result (Over'Land™)

Pr2002 focusiday,Granule'58: (Partial Snt Day)

MODIS Band 31 clear pixels, Granule 058 JPLCC conv. MODIS Band 31, Granule 058

UW Nstar 1ch_31cale_32qc_eof conv. MODIS Band 31, Granule 058

AIRS Cloud Cleared BT

“~With failed quality control data Band 31
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Current AIRS Cloudy Cloud Clearing
aristic — Case Study Result (Over Land™)

5'sep 2002 focusiday.Granule 58 (Partial I!aﬂ'ﬂ'szy)

MODIS Band 33 clear pixels, Granule 058

JPLCC conv. MODIS Band 33, Granule 058
280

UW Nstar 1ch_31cale_32qc conv. MODIS Band 33, Granule 058

AIRS Cloud Cleared BT

*AIRS cloud clearing Version 3.5

“~With failed quality control data Band 33
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Currenti AIRS Cloudy Cloud Clearing
arjstic — Case Study Result (Over Land°/°)

2pr2002 focusiday,Granule's58 (Partial Ifaﬂﬂ'f)ay)

ECMWF.2002.09.06. TO6Z.uad_GrbF00.A02292062954
AIRS.2002.09.06.056.L2. RetStd.v3.5.0.0. Test3_5_0.T04056195913.hd LA,
Granule058 retrived temperature (K) at 100 mbar ECMWF temperature (K) at 103.017 mbar

=

ECMWEF Analysis

*AIRS cloud clearing Version 3.5

%With failed quality ContrOI data 100 mb Temperature
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- Curréent: AIRS Cloudy Cloud Clearing .

AIRS.2002.09.06.058.L2.RetStd.v3.5.0.0. Test3_5_0.T04056195913.hdf
Granule058 retrived temperature (K) at 200 mbar

chiaracteristic — Case Study Result éﬂ%y,er-Lan%

yep 2002 focus day,Granule 58 (Partial Day)

ECMWF.2002.OQ.OG.TOGZ.uadHGrbF00.A02292062954
ECMWF temperature (K) at 200.989 mbar

232

230

228 228
226 226
224 224
EZ R N 222

AIRS Cloud Cleared Rtv

*AIRS cloud clearing Version 3.5.
“#With failed quality control data

June/2004

ECMWEF Analysis

200 mb Temperature
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Current AIRS Cloudy Cloud Clearing

AIRS.2002.09.06.058.L2.RetStd.v3.5.0.0. Test3_5_0.T04056195913.hdf ECMWE;2002.09/06.T06Z Uiad {GrbF00/402292062954

Granule058 retrived temperature (K) at 300 mbar ECMWF temperature (K) at 300 mbar

AIRS Cloud Cleared Rty ECMWF Analysis

*AIRS cloud clearing Version 3.5}

»With failed quality control data 300 mb Temperature
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Current AIRS Cloudy Cloud Clearing
istic — Case Study Result (OverLand®)

AIRS.2002.09.06.058.L2.RetStd.v3.5.0.0. Test3_5_0.T04056195913.hdf ECMWEF:2002:09:06.T06Z Uad, |GrbF00/A02232062954
Granule058 retrived temperature (K) at 500 mbar ECMWF temperature (K) at 496.63 mbar

B

AIRS 2002.09.06.058.atm_prof_riv_npc30_1ch_31cale_32qeimg
retrived temperture ( K) at 496,63 mbar

AIRS Cloud Cleared Rtv - R ECMWEF Analysis

*AIRS cloud clearing Version 3.5

“With failed quality control data 500 mb Temperature
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currenti AIRS Cloudy Cloud Clearing
Crlzlr= Istic — Case Study Result (Over Land?)

AIRS.2002.09.06.058.L2.RetStd.v3.5.0.0. Test3_5_0.T04056195913.hdf ECMWF:2002/09/08 T06Z:1iad (Gt F00/A02292062954
Granule058 retrived temperature (K) at 700 mbar ECMWF temperature (K) at 706.565 mbar

AIRS Cloud Cleared Rtv ECMWEF Analysis

*AIRS cloud clearing Version 3

“»With failed quality control data 00 mb Temperature
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currenti AIRS Cloudy Cloud Clearing
ehidlc Istic — Case Study Result (Over Land?)

AIRS.2002.09.06.058.L2.RetStd.v3.5.0.0. Test3_5_0.T04056195913.hdf EGMWE:2002/03:06:T06Z tiad, (GriF 00/,02232062954
Granule058 retrived temperature (K) at 850 mbar ECMWF temperature (K) at 852.788 mbar

AIRS Cloud Cleared Rtv ECMWEF Analysis

*AIRS cloud clearing Version 3.}

»With failed quality control data 850 mb Temperature
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cCurrent: AIRS Cloudy Cloud Clearing
istic — Case Study Result (Over Land™)

AIRS.2002.09.06.058.L2.RetStd.v3.5.0.0.Test3_5_0.T04056195913. hf ECMWE. 2002 09, 06. T06Z.uad. Grb F00.A02292062954
Granule058 T.P.W . WH

AIRS Cloud Cleared Rtv ECMWF Analysis

*AIRS cloud clearing Version 3*5%

“#With failed quality control data
June/2004 CIMSS UW-Madison 57/Allen H
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Current ' AIRS Cloudy Cloud Clearing

peharacteristic — Case Study Result (OGver Land )

6 Sep. 2002 focus day Granule 58 (Partial Land Day)

Bias L2CC AIRS.2002.09.06.058.L2.CC.v3.5.0.0.Test350.T04056195913.hdf
(Combined Day )

perational” = T A N

Bias N* airsCloudClearedData_Granule058_ zuuznsas 1ch_31calc_32qc_eof.mat
[1 ch 31calc 32q¢ e
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*AIRS cloud clearing Version 3.5.0.(@E = Wm0 |14|00‘ 1600 1800
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L -
on” of Clouds in AlR
— .,

e ~ .
- —_— —

2Clouds in AIRS Data Almost Eve here in Anytime

T

JAIRS Spectra Signature
JSpatlaI 2

-

JCIoud Cl =t
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Cloud
microphysics

(water sphere /
Ice crystal habit,
ref. ind., size dist.)

Case to simulate

Atmospheric profile
(P,T,H20,03)

Cloud configuration
(Z, OD, eff. size, ice/liquid)

Aerosol configuration
(Z, AOD, species) *

June/2004

Single scattering
parameter computation
(water sphere: Mie,
ice <100 um: T-matrix,
ice > 100 um: GOM/Mie)

k-distribution
computation for
GIFTS bands

Aerosol parameters
for important species *

(Ref. ind., size dist.:
I. Sokolik -> my, g: Mie)

Single scattering
parameters

(Qe, Qa, 9)

(TOA to layer clear
sky optical depths)

Surface
parameters

(emissivity: UW-CIMSS,
UH-HIGP, UCSB)

DISORT radiative
transfer for cloud
particles only

parameter
computation

Coefficients for
computing TOA to layer
clear sky optical depths

(as FN of P,T,H20,03)

GIFTS fast RT model

Clear sky:

Speed: 6s / full spectrum (cf 4m with LBLRTM)
Accuracy: approx 0.1 K cf LBLRTM

Cloudy sky:

Speed: 7s / full spectrum (cf 7m with LBLDIS)
Accuracy: approx 0.5 K cf LBLDIS

In collaboration with Texas A&M

In collaboration with |. Sokolik

CIMSS UW-Madison

In collaboration with U Hawaii

* Not implemented

Cloud layer optical
properties

(albedo, transmittance)

Cloud layer albedo and

transmittance
parameterization

Coefficients for

computing cloud albedo

and transmittance

(as FN of OD, eff. size,
zenith 0)

Radiance spectrum

Tangent linear

Adjoint operator

Gas component
optical depth

60/Allen H



Extinction Efficiency
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Cloud Shape & Size Effects on IR Measurements

290 290
—— Plate —— Column —— Plate —— Column —— Plate —— Column
—— Bullet-rosette —— Sphere —— Bullet-rosette —— Sphere —— Bullet-rosette —— Sphere
=) —— Aggregate =) —— Aggregate ) | —— Aggregate
o o o 280 1
E E g |
g g 5
3280 B g‘ 280 E‘
() o ()
= = =
2 2 2
£ £ £ 2701
= <= =
& 2 2
& & &
A=3.7 um %=4.05 ym A=8.55 pm
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Effective Size (um) Effective Size (um) Effective Size (um)
280 280 275
—— Plate —— Column —— Plate —— Column
—— Plate —— Bullet-rosette  —— Sphere —— Bullet-rosette —— Sphere

%) —— Bullet-rosette X —  Aggregate X W — Aggregate
E —— Aggregate % g
g g g
Q R 3 153
£270 Column £270 £265
E —— Sphere = =
@ @ w
] 5 3
£ £ g
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A @ &

1=10.763 pum A=12.0125 pm
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ML e e e e e e 260 +rrr 255 e T T
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

Effective Size (um)

Effective Size (um)

Effective Size (um)

Comparisons of brightness temperatures of ice clouds for aggregate, hexagonal column, hexagonal
plate, bullet-rosette,and sphere at 6 wavelengths by assuming the U.S. stand atmosphere. Clouds are

located at 10 km altitude, and optical thickness is 1. These results are for a nadir view case.
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Replicator Particle Habits

Simulated Particle Habits
—— —

‘ ‘ Fommnation Layer
by j Small crystals near
\ Y cimus cloud top

? 9 25 Nov 1991 Replicator Profile
BLOS

-55°Cp—

LYY XX
Po0ave@eQeo0

dsoecoeenne = S=

Sl § L T = Solid Column Hallow Column Plate

;52 & * J % “"“’ Growth Layer

' A \ e Pristine crystals in
*-”}"‘nﬁ.}\ & middle cirrus layer
vy 2 ) 7 m =

cf® R
WIS 42 — % 2-D Bullet Rosette 3-D Bullet Rosette

Sublirmation Layer:
Large crystals nea
cimus cloud bhase

Aggregate

From Ping Yang
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RediativerTransrer ApPproxs

L, (W)= LT (W)L, () +1 4, T () + 1+ 1 aTal(“)

Tal
]O — B(tS)TaO T B( t)dTa
T a0

andm are clear sky atmospheric transmission
from the space to the surface and to
cloud top, respectively.
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N

Cloud Database - albedo & tansmissivity; fﬂ- tion
'Tm_cl'uds

.V Optical thickness: 0.04-50)
Fitective size: 10-157pum

_;ffective Shape: Aggregates, solid hexagonal
col'ﬁr s, Spheres, Bullet-rosettes, Droxtals, Hollow columns,
s Plates, and Spher01ds (8)

— * v/ Zenith angle: (0-80°)
v "Wavenumber:(500-2500cm-")

= i "—- —
ST e
R

pr
e — ey
- —

-l
——
=
=
—

-v""'"'-..'_."' .

i
—-— -

v" Optical thickness: 0.06-150
v’ Effective size: 2-20 pm

v’ Zenith angle: (0-80°)

v Wavenumber:(500-2500cm1)
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e " aliSingle-Scattering Property Database"

hapes of 1ce erystals "f

A oregates, solid hexagonal columns,
cs, Bullet-rosettes, Droxtals,
Hollow columns Plates and Spheroids

@l

W'Wavelengths

Y s
_'___.--r -

= 49 Wavelengths from 3.08 um to 100 um

eS1ze bins:

38 Size bins from 2 um to 3100 um 1n terms
of particle maximum dimension
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Aerosols:
eng d Single scattering properties by Single scattering properties by
AN database crystal habit and size dist. mineral and size dist.
e.g. LBLDIS tables e.g. I. Sokolik tables

Parameterize and channel-weight

e
- ‘

- Interpolate monochromatic data
=3 TRUTH FAST
— L -PROC Apply instrument effects
o g (spectral and spatial integration)
FRONT END “TRUTH” Radiances: “FAST” Radiances:

For each instrument channel For each instrument channel
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S

Forward Model Error Estimate

- -

Thin Ice Cloud at 15 kn, Deff=18 un, CO2 Thin Ice Cloud at 15 kn, Deff=18 un, SFC
BT difference — BT difference

Thin Ice Cloud at 15 kn, Deff=18 un, H20
BT difference
8,58
8.88
-8.58
=1.88

1.58
1.88
a.58

1.88
8.88
6.68
8,28 =2.88

=3.88

Cloud Optical Depth
Cloud Optical Depth
Cloud Optical Depth

1389 1895 1988 1985 1918

Havenunber {1/cn} Havenunber {(1/cn} Havenunber {(1/cn}

Thick Ice Cloud at 15 kn, Deff=18 un, CO2 Thick Ice Cloud at 15 kn, Deff=18 un, SFC Thick Ice Cloud at 15 kn, Deff=18 un, H20

BT difference

(]

BT difference
1,88
8.88
8.68

*

6,88
4.88
2.88
8.28 =-2.688
-6.688
=8.88
— =18.88

Cloud Optical Depth
Cloud Optical Depth
Cloud Optical Depth

1898 1895 1988 1985 1918
Havenunber {1/ch)

C02 Channels Surface Channels H20 Channels

Havenunber {1/cn) Havenunber {1/cn}

June/2004 CIMSS UW-Madison 70/Allen H



.
on” of Clouds in AIR

-Clouds in AIRS Data Almost Everywhere in An time

- o

-AIRS Cloud mr t

JSpatlal,_ ;
JCIoud Cle
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SKROWING that cloﬁﬁé’ dommatlng the IR
mj,JJ'JfAm ENnts, can.s 5 ral dependent
JJ‘/(‘ oudy index ((C or ,0or 0 to 1) can be
qur ul an d reliable enough for NWP, cloud
CIEARINC yx ounding retrieval and cIoud property
’JJ)J)JJ“’ Dns'?
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ion" of Clouds in AIR

S UIT . = CONLINUE e ——
radMRu*ndings'rEprese_p_t_

Clear sky.condition only and )

ced wi aAution.

| ntroducmg potential clear sky bias,
IJJ_/‘J—”_[ r,

S ud cleared radiances could be a useful
inte r‘medlate product for cloud study

=
—— _-,,...._

e
. ——
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= -
#_ .
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ion" of Clouds in AIR

e UTT C « CONUINUE e
SMITOPIY s'cal_-proouds'shéiild ) - —

Characterizedito allowaanysfuture accurate ‘
medenng and assimilation of cloudy radiances
.
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L OILILLITUC
forwara oa'ﬁling development

U
lfortaseMfar)isiunderwayhowever;
nges remain, and much more efforts
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ion” of G-I;‘ds in AIR

. - ‘1l|_u. - L ONLUINLU -
SPreliminary synergi |c!!1=f1=1’aer sounder

(1] Or)e J/AF J) clouds J aaring analysis showing it
cafi'provide

'\\

Jn;J ent quality control, and

Sz e cloud cleared radiances for both over
“ocean jand land” (need further verification)

F‘ -
- -—_-' ‘::;._.

—

1.-4-— = /"Sé far AIRS has not demonstrated successful cloud clearing over land

__:-;':-1
E——

— —__
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