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MODIS True Color Image — 24 August, 2002
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MODIS IMAPP Direct Broadcast Suite of
Products - 14 March 2003 18:41 UTC
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AIRS Clear FOV Determination Using
MODIS 1km Cloud Mask

¢ Cloudy Scenes identified by MODIS

cloudmask (adapted for AIRS FOVSs) , .
6-Sept-2002, Brightness Temperature [K] at 1000 cm
. Ascending Granules
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AIRS/MODI S Co-location Example

3 Fixels from AIRS Granule 16, Sep 6, 2002, 0135 UTC, With Collocated MODIS

Center of Off-MNadir (Scan Angle=43) AIRS Pixel (46,30}, with Collocated MODIS Pixels
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an Angle = 23.7

Center of Near-Nadir AIRS Pixel (46,43), with Collocated MODIS Plxels
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Convolving AIRS with MODI S SRFs

300
280
260
240 |-

220 | WJW

200 - | 36(3554 3?

|
650 700 750 800 850 900 950 1000 10580 1100 1150

convl = continuous kcarta monochromatic calculation based on ECMWF profile coincident w/
20 July granule 224 convolved w/ GOES10 SRFs

conv2 = continuous kcarta monochromatic calculation based on ECMWF profile coincident w/
20 July granule 224 convolved w/ AIRS SRFs and then with GOES10 SRFs

* using channels w/ Bad_Flag ==

Band 1l/cm microns “convError” = convl-conv2 (K)

32 830.8 12.03 -0.00 After .
33 748.3 13.36 0.20 Dave Tobin
34 730.8  13.68 0.05 CIMSS
35 718.2 13.92 0.21 UW-M adison
36 703.5 14.21 0.16

T T T

TR :
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MODISVs. AIRS
Good Co-located/Spectral agreement —

After
Dave Tobin
CIMSS
UW-M adison

can be used Synergistically

AIRS ?’20!2002 granules 072 and 224, MODIS band 32 (~12. Oum
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AIRS 7/20/2002 granules 072 and 224, MODIS band 34 (~13.7um)

MODIS (K)

AIRS 7/20/2002 granules 072 and 224, MODIS band 33 (~13. 4um)
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AIRS Measurement Noise Filtering

¢ Calculate eigenvectors of observation covariance matrix

e Reconstruct observations using first eigenvectors

e Filter out random component of noise

Radiance [mmeZ.fcm_w.fstr] ate54.7 cm”'
Raw data

50

48

46

a4

4z

40
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Filtered data (npc=10)

Wy
ey

Filtered data (npc=30)

Filtered data (npc=50)
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Filtered data (npc=100)
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Cloud Clearing Noise Amplification Factor

Ry, =R +1, (R-R) +n, (R"-R) + ..+ (R"-R,)

clear

Need guess of clear radiances to solve the N siteratively

(K+1) FOVsarerequired to solve for R, with K cloud formations.

Reconstructed radiance R . contains an amplified random
(measurement) noise ¢':

o' *=[ (I+m M+ M) +n +n+.Mm>] 6°

o. random (measurement) noise of radiances R, ,R,,,...,.R, .,

T T T

il "
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Operational AIRSAM SU Cloud Clearing Error Estimates
Good Performance Over Ocean Most of Time

Night
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Operational AIRSYAM SU Cloud Clearing Error Estimates
Good Performance Over Ocean Most of Time

Mid-Latitude Sub-Polar
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Operational AIRSYAM SU Cloud Clearing Error Estimates
Good Performance Over Ocean Most of Time

Mid-Latitude

AlRS.2003.09.02.114.L2.CC.v3.0.8.0.G03246072439.hdf Ocean Night mid-latitude AIRS.2003.09.02.224.L.2.CC.v3.0.8.0.G03247040828.hdf Ccean Day mid-latitude
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Operational AIRSYAM SU Cloud Clearing Error Estimates
Problematic Over Some L and Cases

Mid-Latitude

AIRS.2003.09 02229 L1BAIRS Fad v1.080 Brightne: 1000

15
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Operational AIRSYAM SU Cloud Clearing Error Estimates
Problematic Over Some L and Cases
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Operational AIRSJAM SU Cloud Clearing Error Estimates
Problematic Over Some L and Cases

Mid-Latitude

AIRS.2003.09.02.229.L.2.CC.v3.0.8.0.G03247042224.hdf Land Night mid-latitude AIRS.2003.09.02.093.L2.CC.v3.0.8.0.G032460547 12.hdf Land Day mid-latitude
mean of rms=0.45 (K) mean of nedt=0.23 (K) mean of maxave=2.04 (K) mean of minave=0.11(K) mean of rms=1.48 (K) mean of nedt=0.23 (K) mean of maxave=6.27 (K) mean of minave=0.06(K)
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MODISand AIRS Color Composite | mages

kODIS True Color Composite Image, 1725 to 2050 UTC, September 2, 2003

AlRS THye fakor Composite” - 2003—-06—02 1723—2059 UTS

. MODIS (-1 km*) AIRS (~14 km*)

M *Resolution is specified as nadir view only 18
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MODIS (1 km*) and AIRS (~14 km*) Cloud Phase | mages

Aqua MODIS 1-kilometer Cloud Phase, September 2, 2003, 1725 to 2050 UTC AIRS Cloud Phase, September 2, 2003, 1725 to 2055 UTC

Unknown

Mixed

lce

Wiater

Clear

MODIS
M ore mixed phase clouds
occur in AIRSFOV/FOR

*Resolution is specified as nadir view only 19
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MODIS1km Cloud Mask & Phase | mages

Agua MODIS, 1-kilometer Cloud Mask, 2003-03-02, 1725 to 2050 UTC

SPACE SCIENCE AND
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Confident
Clear

Probably
Clear

Uncertain

Cloudy

Mot
Determined

Agqua MODIS 1-kilometer Cloud Phase, September 2, 2003, 1725 to 2050 UTC

Unknown

Mixed

lce

Water

Clear

Phase

@ 1 km Nadir Resolution

20



AIRS Color Composite and Cloud Cleared
Window Channel | mages

AIRS Level 2 Cloud-Cleared Radiance Product at 1000 o', September 2, 2003

s, o

- ~230

- ~280

- ~270

Brightness Temperature (k)

Operational AIRS Cloud Cleared Tbh Image
21
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MODISAIRS Synergistic Cloud Clearing Examples
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Aqua bODIE 1-kilometer Cloud Phase, September 2, 2003, 1725 1o 2050 UTC

Location of Ocean Case

LInknown

Mixed

Ice

Vilater

Clear

22



MODIS/AIRS Co-located Cloud Phase I mage

hODIS Cloud Phase Collocated with AIRS Granule 132, Land Case, Sept 2, 2003

AIRSFOV(17,11)
Lat 37.13, Lon -37.56

SEEA,
et

£

AIRS FOV (15,13)
Lat 36.98, Lon -36.5

on

nknown

Mixed

lce

Water

Clear

AIRS.2003.09.02.192.L.2.CC.v3.0.8.0.G03247002552.hdf

Cloud Clear BT Error [K] at center (4,5)
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3 T \ L I
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MODIS/AIRS Co-located TWP & Skin Temperature

d—“-ﬁ . Mean Valuesof TPW and Skin Temperature for clear
w MODI S pixelswithin AIRSFOVs, Land Case
-2

Clou hase | Mean TFW = 1 65 cm
Mean Skin Temp = 295 .54

Mearn TPW = 1.81 cm

Mean Skin Termp = 29537 K
Mean TP = 1.83 cm

Mean Skin Termp = 28524 k

Mean TFW = 1 .92 cm

Mean Skin Temp = 29533 K
Mean TR = 1.65 cm

Mearn Skin Terp = 29516 K
Mean TPW = 1 .61 cm

Mean Skin Ternp = 295 24 K
Mean TRW Mot Awvailable

Mean Skin Ternp Mot Awailable
Mean TPW =211 cm

Mean Skin Termp = 29554 K

Skin Tern - Mean TFW = 1.86 cm MN_O 5
Mear Skin Ternp = 20534 K —\U. Cm

7 §Tskin=0.68K
M 24
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AIRS Single FOV Window Channel
Brightness Temperature Variations

AIRS Brightness Temperatures at 1000 e for 3 Focus FOVs from Granule 192

o51 AIRS.2003.09.02.192.L.2.CC.v3.0.8.0.G03247002552.hdf
WMODIS Cioud Phase Collocated with ARRS Granue 192, Land Case, Sept 2, 7003 Cloud Clear BT Error [K] at center (45)

8 degree Gradient T AR R R i e =

— Cloud Clear BT Error [K] at center
230 — nedt

Inkne
ARSFOV(I7,01)
Lat 37.19, Lan -97.56

P boed

283

A I I s . P e i R

-z? w 500 1000 1500 20 250 3000
b 2 Window BT
N ~ 1000 cm-t
Cloud Phase | 285 &

2616 cm1

355 Temperatures at 2616 e’ for 3 Focus FOVs from Granule 192
284

30
Brighatg[elss Temperature Spectra of 9 Selected FOVs from AIRS Grandle 192 (Red Upper Right Pizel, Magenta Lower Right Pixzel) BT(K)ZBS 308.8
309.6
300 M
i / /. F 3094
280k F q303.2
=
L
g - {309
g
£ 2601
it
0 F 43038
5
= 240 308.6
308.4
220
Cloud Spectra "
2 degree Gradient
Wavenumber (em')

BT(K)
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MODIS Cloud Phase Collocated with AIRS Grande 192, Land Case, Sept 2, 2003

AIRS FOV (17,11)
Lat 37.18, Lon -87.56

AIRS FOV (15,13)
Lat 36.98, Lon 36

A
, 00®

SPAC
ENGINEERING CENTER

unknewn

hieed

Wistier

Clear

Unknawr

B e d

Waler

Min. C.C. Error

Clear

AIRSFOR (3 by 3) Cloud Clearing

Error Examples

AlIRS.2003.09.02.192.L.2.CC.v3.0.8.0.G03247002552. hdf
Cloud Clear BT Error [K] at center (4,5)

3 L O R LENR N B L N . P N S N T S
— Cloud Clear BT Error [K] at center ||
— nedt

2 = o=

1k ”

ol T i ' Ly T l. . "“ .. ] L

500 1000 1500 2000 2500 3000

Max Cloud Clear BT Error [K]
1 I\l ' [I |
o I

— nedt

. —— | T
‘“ — max of average H

1000 1500 2000 2500 3000
Min Cloud Clear BT Error [K]

0
500

— min of average
— nedt

1000 1500 2000 2500 3000

Wavenumber [cm_1]
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MODIS/AIRS Co-located Cloud Phase I mage

MMODIS Cloud Phase Collocated with AIRS Granule 174 FOWs, Ocean Case, Sept 2, 2003
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- MODI S/AI RS Co- located TWP & Skin Temperature

LJ._*Ts'-‘.-I}‘.'E;T‘"!%.as _
= =  Mean Values of TPW and Skin Temperaturefor clear
% v . cly -
SFut F e MODI S pixelswithin AIRS FOVs, Ocean Case
= -
[ L -
*I" l Al ::;lt:\.r\..[-':l.iiill ewe Mean TR =301 cm
Cloud Phase ~ “*“*

Mean TPW = 289 cm Mean Skin Temp = 28532 K

Mean TP = 2.70 cm Mean Skin Ternp = 295 .44 K

Mean Skin Ternp =283.39 K

Mean TFW = 3.02 cm

Mean Skin Temp = 296.01 K
Mearn TRW = 2.86 cm

Mean TFYf = 2.37 cm Mean Skin Temp = 286,34 K
Mean Skin Temnp = 292 .89 K

fean TFW = 2.92 cm
Y Mean TPW = 2.79 cm Mean Skin Terp = 295.34 K

: Mean TPW = 2.75 cm Mean Skin Temp = 29521 K
Skin Tem. Mean Skin Temp = 234 51 K
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AIRSFOR ( 3 by 3) Single FOV Window Channel

Brightness Temperature Variations

MCDIS Cloud Phase Collocated with AIRS Granule 174 FOVs, Ocean Case, Sept 2, 2003

AIRS FOV (75,81)
Lat 15.45, Lon-55.33

AIRS FOV (73,83)
Lat 1518, Lon-54.77
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AIRS Brightness Temperatures at 1000 cm* for 9 Focus FOWs from Granule 174
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AIRS FOV (73,83)
Lat 15,19, Lon-54.77

Mbced

Max. C.C. Error
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MODIS Cloud Phase Collocated with AIRS Granule 174 FOVs, Ocean Case, Sept 2, 2003 AI RS FOR ( 3 by 3) Cl OUd Cl ear i ng

AIRS FOV (75,81)
Lat 15.45, Lon-55.33

Unknown
Error Examples
e AIRS.2003.09.02.174.L.2.CC.v3.0.8.0.G03246233657. hdf
Cloud Clear BT Error [K] at center (27,25)
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AIRSFOR (3 by 3) Cloud Clearing
Error Examples

Min Cloud Clear BT Error [K]

Minimum C.C. Error Case st o
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— hedt
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;iﬁ E Difference between Averaged Clear and Cloud Cleared
' 31
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Alternative Stand-Along IMAPP AIRS Cloud Clearing
Approaches - Without Performing Profile Retrieval

* Noisefiltering AIRS cloudy radiances prior to C.C.
to minimize noise amplification
*Use of minimum resour ces and ancillary data
(besides available Direct Broadcast measur ements)

e Synergistic AIRS/MODISC.C.:
*Use of MODI S clear radiance estimates
*Use of MODIS for surface type/emissivity estimates
*Use of MODIS level 2 (single pixel) TPW, Sfc-Tskin ..for Q.C.

Variable C.C. Area (1 by 3; 2 by 2 FOVs, superobs or customized ....

eEvaluation of AIRS/AM SU Cloud Clearing Performance

*Optimal use of Cloud Cleared Radiances
Goal

S Demonstrate | maging/Sounding Syner gy
M toimproveyields of IR Data utilization 32
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