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\! Recent Activities at NOAA

Test alternative cloud clearing channel concepts.
Install MODIS MDY 11 product and test utility as

— An emissivity first guess
— Use estimate of emissivity variance as error term in retrieval of eta (CCR)
— Stand alone emissivity product (i.e., do NOT solve for emissivity w/ AIRS)

Build an emissivity climatology from monthly averaged AIRS
spectral emissivity on “easy’ cases.

Used AVN wind speed to improve Wu/Masuda emissivity first
guess
— Discussed at Sep. 27, 2005 ASTM & Jan. 17, 2006 Net Meeting

— Improved retrieval of SST & BL T(p) but improvement was not significant
enough to warrant ingestion of AVN model into our system.

Evaluated specular form of down-welling thermal radiation
(emissivity only)

— Discussed at Sep. 27, 2005 ASTM & Jan. 17, 2006 Net Meeting

— Degraded SST, Impact on SST was larger than expected.

— Need to evaluate effect on transmittance model - TBD 3



Nz Past Activities at NOAA

e Evaluate Physical Methods (Mar. 5, 2005 ASTM)

— Fixed emissivity at Christenson frequency
—  Singular Value Decomposition (SVD) Methods

*  With and without simultaneous skin temperature

« 2,5,15, and 16 functions for emissivity
—  On/off-line method (Bob Knuteson) for Tskin

— LSQ for emussivity at 5, 15, 16 functions. Each one is
determined independently (i.e., without damping or grouping
of functions).

e Most robust & stable system at this time 1s a 4 or 5
function system using SVD.

—  GSFC needs to evaluate and make recommendations. )



&=  Changing CCR Channels has

impact on Statistics

Sep. 06, 2002, G401 test CCR error estimates
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But impact 1s negligible on a

common accepted set

Ocean Cases

Sep. 086, 2002, G401, QCEAN, COMMON

LI L L e
B0 B0 T —aart ToIR
ATR/463 — 142 140 #1071 1.047 0888 1.174 2300
P2 I — R T ] 1048 €.B6Z 1170 28670
ATR/4303 | e $40: T{p} Chl'n 1.047 Q0SI 1.150 2.840
ATESAAY | e 1311 banellne 1.082 Q846 1.143 2200
ATTAZED [ wm w142 TADRIOOET 1063 1.050 1281
ATX/48 w e T4l fdQezermd 1.083 1,030
ATE/AVEI [ m w1400 T(p} Chl's 1,083
47R/4383 | m owm 151: Domaiing 1.780
10F b
—
o
o
£
~ 30
4
3
w
W
2
o
100+ 1
300
1000 T T T T
PR T S T T G T S T I B A

0.0 0.5 1.0 1.5 2.0 25
T(P) RMS error

Pressure (hPa)

test CCR error estimates

100 TIT T T T T T P T T T T et

ey [ R —

142; MQ4xamm] 1302 332 %23 217

. 411 1404 r@r=0 = 1550 352 . 24 s

$40: Ttp)chl'l 1332 330 320 21.4

e Bt baneline 1544 - 528% sls 214

- owm wm T4Z: T4Q%1GT=1 1513 .8 208

o B Fezered 1313 208 E 28

= om om MO T(PRCHIE 13D X8 208

200 - w31 bamaling 1317 208
400
600

1000 T T T
prrr e el e el
0 10 20 30 40

Q(P) RMS % error

Land Cases

Sep. 086, 2002, G401, LAND, COMMON test CCR error estimates
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2 Internal Error Estimate of CCR’s
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¢« V4.x (w/v4.0 CCR channels) has
e alot of vaniability 1n error estimate, but not much skill
e Skill diminished between first and final cloud clearing
 Ensemble mean error 1s good on CCR #1

« Real error (horizontal axis) 1s probably dominated by 7
cloud contamination.



A=  Changing CCR Channels Requires

Understanding Internal Error Estimates
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\ e Using T(p) sounding channels (i.e., no window
channels

» Has little predictive capability (can’t
estimate errors due to low clouds)

* Adding a-priori error estimate (from CCR
radiance co-variance) improves estimate



&2  Selecting CCR channels
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 PGE Methodology needs an estimate of low cloud
€Irors.

— Window channels are necessary to estimate the error in the
CCR’s.
» These are the only channels that sense all clouds.
* Window channels do not have to be used in the computation of eta,
but they have to be part of the error estimate (residual) calculation.
— The CCR error estimate of eta drives A g, one of the
parameters that has the most skill in determining good/bad
Cascs.
» Changing channels dramatically changes rejection thesholds.

e Changing channels dramatically changes down-stream error
covariance matrices.

e Channel selection must consider the entire system.
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) Experiments w/ MODIS MDY 11

pIMENY of C°

Sep. 06, 2002, G401 LAND CASES test MODIS emissivity fg
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Why Doesn’t MODIS help?

Infrored Emigenity
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Lack of impact on retrieval products over land,
especially T, statistics implies that other errors
(e.g., CCR?) dominate.

Until we fix cloud contamination and/or cloud
clearing/emissivity interaction the emissivity
retrieval methods cannot succeed. 1



A=, AIRS derived monthly emissivity climatology

from 3x3° grids: 11.8 um (850 em™)

» Clear land scenes are rare (GSFC &
UMBC implementation of Georges)

IR Surface Emissivity at 11.8umn  June, 2005
T T T
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* need to implement a better (George’s
latest) clear flag over land

3 | » Regression estimate with “easy”
< o il E clouds (A =< 1) [obvious dust
S | ‘ = contamination]

0
Longitude (deg)

Physical emissivity seems to be
impacted cloud contaminationj
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Ditto for 9.5 um (1050 cm!)

So: This 1s a good 1dea
but it needs more work.
Our plans are to:

. UZ 1. Install George’s CLEAR flag
el E for land

o781
90s L 1 L oo

R oo Longituge (deg) - s 2 . FiX CCR Channels

3. Try other physical emissivity
approaches (later in talk).
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N2V 5 upgrades to regression emissivity

e At this time (v4.0 system) the regression 1s
defining the spectral emissivity shape.

— Regression with better training 1s installed.
— Explored using a separate desert regression

« Not a significant improvement.
e Not recommending for v5.0

— Evaluate using more LW channels and some SW
channels

e At this time using SW channels degrades regression
overall.- need to understand why...

14



7 Use of SW is a serious 1ssue
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e We have added SW

1.0

. L %ﬁrm channels; however, solar
4 pm SRR R R }i’? contamination (and/or cloud
. e T e me, contamination) causes
o problems
3 | *  We do not expect LW/SW
a correlations to be robust
<
« ASTER Constraint
3 - (Liang, 2001, TGARS
v.30, p.268)
3 , : . . . « We will work on this and
v’ R > " hopefully have a upgrade
before v5.0 door closes.
15
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Non-frozen land cases
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V4 versus V3 emissivity regression

793.65 cm! (12.6 um)

IR Emissivity (Reqgression, V4.0 )
Oct. 2004 (793.65 cm—1

IR Emissivi

ty (Regression, V4.5 )
Oct, 2004 (793.65 cm~1)
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Y V4 versus V3 emissivity regression

847.48 cm! (11.8 um)

IR Emissivity (Regression, V4.0 )
Qct, 2004 (847.46 cm—1)
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IR Emissivity (Regression, V4.5 )
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Qct, 2004 (847.46 cm—1)
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Y V4 versus V3 emissivity regression

909.09 cm ' (11 um)

IR Emissivity (Regression, V4.0 )
Qct, 2004 (909.09 cm—1)
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IR Emissivi&v (Regression, V4,5 )
Qct, 2004 (909.09 cm—1)
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V4 versus V5 emissivity regression

1111.1 ecm™ (9.0 um)

IR Emissivity (Reqression, V4.0 )
Oct, 2004 {(1111.1 cm—1

IR Emissivity (Regression, V4.5 )
Qct, 2004 {(1111.1 cm—1
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V4 versus V5 emissivity regression

2631.6 cm-1 (3.8 um)

IR Emissivity (Reqression, V4.0 )

30M9-

Oct. 2004 (2631.6 cm—1)
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&2 What do we have, in hand, for v5.0?

V5.0 improvements for emissivity
— CCR channels (Joel/Evan, TBD)
— New Regression emissivity (installed)

— Remove emissivity limits (GSFC, installed)
— Upgrade to SVD functions/channels (Joel, TBD)

e Overall, emissivity problems seem to stem from
cloud contamination.
— Cloud clearing errors are dominant.

*  We have 2 more 1deas to explore — probably post
v3.0 implementation (1f successful)
1. ASTER TES approach
2. Optimal Estimation Approach’

S
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Y 1) ASTER Temperature Emissivity

o
°
z

Separation (TES) Algorithm

1. The long-wave RTE for channel n is given by

R ~1, (e -B,(T)+p-R.) + R (1.1)
2. Define a new function, &G,,, that removes atmospheric effects
Robs . RT
e " = € -B,(T)+p-R: (1.2)
Tn

3. Set first guess emissivity to the maximum expected, € = €pax
4. Compute surface component of radiance

S, =G,—(1—¢€,)-R, ~ ¢ - Bu(T (1.3)
5.if i > 12 or S'> S'! then exit (, i.e. goto step # 8)

6. Compute skin temperature and solve for spectral emissivity

. (S . : : S
T; =B;' ||, Ti,.=MAX(T), ¢ =—1— (14)
" 174 G;L,L max n n B ( max)

7. goto step # 4

26
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8. Take ratio of emissivity
¢ 672
=T 1.5
b= (15)
9. find Maximum Minimum apparent emissivity Difference (MMD)
MMD = MAX(B!) — MIN(3.) (1.6)

10. Use «a-prior: relationship between minimum ¢ and MMD
€min = -994 — .685 - MMD™"  (1.7)

€min = F(MMD) e.g.
11. Correct emissivity spectrum for minimum emissivity
¢ —__min__ gi _ _Cmin_ (1.8)
" MIN(By) " MINe:, "

1) ASTER algorithm (continued)

28



&2 2) Optimal Estimation Approach

Use MODIS ¢ as a-prior1 state for physical
retrieval and solve for the ] MODIS frequency

locations
T A
Ej = Gj

Use MODIS standard

Use regression deviation within FOV and
emissivity as a emissivity spectral
first guess, X=0 correlations as a-priori

covariance 29




