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1. Airborne Validation (Scanning-HIS)
2. Radiometric Calibration Expectations

3. AIRS Radiance Validation with S-HIS

5 cases cover Tropics to Arctic,
Day and Night, Land and Sea

4. AIRS Radiance Validation with Forward
Model using In Situ Observations
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1. UW-Madison Scanning-High-
resolution Interferometer
Sounder (S-HIS)

Airborne Validation
Using High Altitude
NASA Aircraft
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HISs High Resolutiontinterierometer Sounder; (1985-1998)
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Characteristics
Spectral Coverage: 3-17 microns
Spectral Resolution: 0.5 cm!
Resolving power:  1000-6000 E— : 5 —— " ' e
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Footprint Diam: 1.5 km @ 15km | el Shortwave .
Cross-Track Scan: Programmable &1 20 co, P ——
including uplooking zenith view | | . Tem—— o
Applications:
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_ A Biackbodies Radiative Transfer
: ¢ & Temp & Water Vapor
Retrievals

¢ Cloud Radiative Prop.
el ¢ Surface Emissivity & T
sl o Trace Gas Retrievals
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S-HIS for CRAVE
January 2006

AURA Validation
Experiment-Costa Rica

S-HIS
scans Ccross-
track downward
&
looks upward




S-HIS —Tropospheric Emission Spectrometer (TES) Bands

near 31 Oct 2004 overpass
SHIS for TES Validation (Bands 2B1, 1B2, 2A1, 1A1), 31 Oct. 2004, 19.273 t0 19.298 UTC
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S-HIS Spectra, SW/4.3 um CO,

AVE, 26 October 2004

AVE Campaign: 041026 18.4-19.2 UTC Zenith/Nadir Overlay (Shortwave Region)
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2. Radiometric Calibration
Expectations
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3-sigma
Tb error
mostly < 0.2 K|
for
Th >220 K .|
RSS of = sl
Errors In
THBB,TABB 0.2
TRfI
€4BB, ¢ ABB
+ 10% of
non-linearity N
correction

TABB= 227, THBB=310, 11/16/02 Proteus
Similar to AERI description in Best, et al., CALCON 2003
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AlIRS Radiemetinc@aliration:

A better eror estimate Is needed

The statement of an AIRS Brightness temperature errors for
Radiometric Calibration of 0.2% radiance errors
<0.2% absolute error in the are unrealistic in the SW band;
AIRS Technical Fact Sheet* 0.2K's entirely different

200 K scene
250 K scene
300 K scene

IS indicative of the problem

0.2

0.1

The difference between
absolute error (3-sigma or ¢

at least 2-sigma) and ~
reproducibility or repeatability oo
needs to be clarified 02
0.017

et/ v et L nase. o/ | i e PR e 1

press/AIRS tech_factsheet.pdf wavenumber
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http://www-airs.jpl.nasa.gov/press/AIRS_tech_factsheet.pdf
http://www-airs.jpl.nasa.gov/press/AIRS_tech_factsheet.pdf

The NIST Connection

* NIST traceable standards are used in the

AERI blackbody calibration. S-HIS
employs the same calibration.

Max Difference
< 0.055°C Longwave

< 0.035°C Shortwave
between 293 & 333 K

—

=&Y Miami, 1998 -£ Tl

T X\

® Direct test of S-HIS planned for 2006

using NIST Transfer Radiometer (TXR)
at aircraft flight temperatures
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3. DIRECT Radiance Validation of
AIRS using Scanning-HIS

* 4 Daytime Cases
* 1 Nightime Case



(Obsprs-Calcyrs) ® SRFgy s -

(Obsgys-Calcgy;s) ® SRFpRRs

Spatial colocation is achieved by selecting
scenes with low variability and covering the full
AIRS FOVs with SHIS observations

latitude (degrees)

The double obs-calc method accounts for altitude
and view angle differences and differences in

instrument lineshapes

Channels with high sensitivity
above the aircraft altitude are
excluded from the final
comparisons

altitude

AIRS
S-HIS

cross-track distance
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Ty (K)
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600

Full' S-HIS Specirali@everage

Impact of PC filtering and Tilt correction on SHIS
mean spectrum for 060117 CRAVE case (351 FOVs)

PC filtering of random noise
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Full S-HIS

spectral

coverage

& resolution:

Mainly noise
reduction

(bias for only
LW < 650 cm-
tilt correction)
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S-HIS After PC Eltenngrand it Correction

Impact of PC filtering and Tilt correction on SHIS
mean spectrum for 060117 CRAVE case (351 FOVs)
After reducing to AIRS resolution and excluding high altitude channels
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180 conditions:

2 I I I

PC filtering of random noise

1 b SR MJ—WMQ— N O b I ases y

g Tilt correction = =
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ARM-SGP VValidation cas: 2002.11.16

ARM UAV Campaign, S-HIS on Proteus
@ ~14km near ARM SGP CF, 19:24 UTC

MODIS 12 um brightness temperatures
and AIRS FOV locations:

airs_stm_mar2006_revercomb.ppt 18



ARM-SGP VValidation case: 2002.11.16
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ARM-SGP VValidation case: 2002.11.16

M-11 M-10 M-08
-0.61+0.19 -0.36 +0.29 -015+0.10 -0.36 +0.11

M-07 M-05 M-04d
-0.11 £ 0.07 -0.33+x0.12 -0.31 £ 0.09 -0.41 +0.20

M-03 M-04b M-04a
0.01£0.10 0.07%0.10 0.03%0.13
M-02b M-02a M-01a
0.55%0.15 0.48%007 0.42%0.06 0.43%007
1 0 1 - 0 1 - 0 1
T, diff (K) T, diff (K) T, diff (K)
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Gulf ofi Mexico Validatienrcase: 2002.11'.é1

Texas 2002 Aqua Validation Campaign
S-HIS on ER-2 @ ~20km over Gulf of Mexico

at 19:40 UTC MODIS 12 um brightness

temperatures and AIRS FOV locations:

-96.8 -96.6 -964 -962 -96 -958 -95.6 -954 -952

FLIGHT TRACK 19:15 UTC =1 KOV Oz
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Gulf off Mexico Validatienrecase: 2002.11.21

300

(Obs-Calc) ARS
(Obs-CaIc)SHIS (K)

| | | | | | |
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wavenumber (cm™)
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Gulf off Mexico Validatienrecase: 2002.11.21

M-11

-0.09+0.29

M-07

-0.03 +0.06

M-03

0.02£0.08

M-02b

0.01 £0.30

-1 1

0
T, diff (K)
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M-10 M-08
-015+0.26 -0.7i0.1 0 -0.12+0.08
M-05 M-04d
-0.11 £ 0.09 0.01 £0.10 -0.01 £ 0.15
M-04b M-04a
0.16+0.12 0.07 +0.16
M-02a M-01a
-0.(7\10.08 -0.30+0.10 -0.41 £ 0.08
-1 0 1 0 1 0
Tb diff (K) Tb diff (K) Tb diff (K)

SW
Modules
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ltaly Validation, case>2004.09.07

ADRIEX (EAQUATE) Campaign
S-HIS on Proteus @ ~16km over Adriatic Sea

2004.09.08, 01:10 UTC (Nighttime) S-HIS 12 um brightness temperatures

and AIRS FOV locations:

AIRS 08-5ep-2004 01:05:31 - 01:171:31
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(Obs-Ca\c)AmS-

(Obs-Cale),,  (K)

ltaly Validation, case>2004.09.07

N
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ltaly Validation, case>2004.09.07

300

obs-calc {K)

E‘mmn )\J‘

e
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{Obs Ca'.c:)m,S
(Obs—Ca'.c)SH,'S (K)
o

2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700
wavenumber (cm™)

Night Flight Shortwave validation is Excellent
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ltaly Validation, case>2004.09.07

M-11

-0.30 +0.39

il

M-07

-0.12+0.06

4

M-03

-0.24+0.12

M-02b

-0.03+0.13

-1 0

1
T, diff (K)

airs_stm_mar2006_revercomb.ppt

M-10 M-08
-073{0.13
M-05 M-04d
-0.36 £ 0.09 -0.41 £ 0.11 jO\SB +0.10
M-04b M-04a
-0.08 £ 0.23 -0.19+0.25
_A M—g
M-02a M-01a
0.04/1\0.08 -0.15+0.06 -0.13+0.10
-1 0 1 -1 0 1 -1 0 1
Tb diff (K) Tb diff (K) Tb diff (K)

SW
Modules
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Arctic Validation cases2004.10.21

MPACE Campaign S-HIS 12 um brightness temperatures
S-HIS on Proteus @ ~16km over low stratus and AIRS FOV locations:

clouds near Barrow, AK at 22:00 UTC

70N

70.5°

1570 W 156.5 W T56.0 W 1555 W

AFRL-LIAN Cloud Detecteor Licar {COL) Baciocatier Image 20081012 (Rotart Halr rshairGames winse stu)

"
\

of s

AQUA DATE 20041012
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Arctic Validation cases2004.10.21
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How do we explain these differences?
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M-11 M-10
-0.56 + 0.23 -0.14 +0.20

M-08
-0.20+0.17

M-07 M-05 M-04d
0.06 +0.05 -0.12 £ 0.08

M-03 M-04b
0.03+0.09 0.05+0.08

M-02b M-02a M-01a

-0.09+017 0.54 + 0.31 1.13+0.25 SW
A Modules
-1 0 1 - 0 1 - 0 1 - 0 1

T, diff (K) T, diff (K) T, diff (K) T, diff (K)
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ropical Validation case:2006.01.17

CRAVE Campaign, S-HIS on WB-57 at ~17 km over the Caribbean
v

o

Scanning-HIS
900cm-1Thb |

B R M
AQUIA DATE 20060117
LW CIMSS
: BDEZ AAUA=LLE i 17 JAW ME@LF L&3500 D9&677 @M8EEL Ol O0
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ropical Validation case:2006.01.17
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ropical Validation case:2006.01.17

M-11 M-10 M-08
-0.49+0.30 -0.25+0.23 -015+0.12 -0.11 £ 0.09

M-07 M-05 M-04d
-0.06 +0.13 -0.23 +0.07 -0.18+0.06 -0.25+0.08

M-03 M-04b M-04a
-0.13%0.09 0.030.10 002015
M-02b M-02a M-01a
_ 036+499 29.37%2745 0.07£0.07 0242013
SW
Modules
-1 0 1 - 0 1 - 0 1 0 1
T, diff (K) T, diff (K) T, diff (K) T, diff (K)
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radiance (mW/(m? st. em™)

S-HIS zenith Views;areweny revealing

10 Mean S-HIS zenith view S_HI_S zenith view
on 17 Oct 2004, 22:02-22:40 UTC will be used
1n1 x\\ \ from ~12.5 km over Barrow, AK to account for
' I
\/{ N HNO; and
o \ m \ ' to test the O, &
a (i 15 um CO,
% A Wik i
h: \E AT regions
11:"3;_ !
m'*;—
107°;
100K 120K : : \
500 1 Dﬂ 0 1500 2000 2500 3000
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summary. ofi AIRS/SHISiease (21 Nov 2002)

DAYTIME CASE:
2002.11.21 Differences and S-HIS 3-sigma calibration uncertainty

1

05 ol " A i
W<
n~— : :
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< I : :
= & L ;
g@ 0 :
o |
2O
o34
o
05 b i

Solar

-1 | | | | | | | i i
600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
wavenumber (cm™)

 Differences are generally within the S-HIS “not to exceed” error.
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AIRS-SHIS SUmman/=SWH7*Sept 2004)

NIGHTTIME CASE:

' : M 02a M- 01a :
L ............ M02b .......... ................. .................. .................. .................. .................. ................ —]

i /\;

—

1
—_
I
i

{Obs Ca'ut:);_\,d:{,S
(Obs'ca"c)sw.s {K)
o

2150 2200 2250 2300 2350 2400 2450 2500 2550 2600 2650 2700
wavenumber (cm™)

M-02b M-02a M-01a
-0.03+0.13 0.04/1\0.08 -0.15+0.06 -013+0.10
-1 0 1 -1 0 1 -1 0 1 -1 0 1

T, diff (K) T, diff (K) T, diff (K) T, diff (K)

15t Direct SW Radiance Validation
Excellent agreement for night-time comparison
at 4 microns <-0.15K +-0.10K
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4. Radiance Validation of AIRS
using In Situ Observations at
Atmospheric Radiation

Measurement (ARM) Southern
Great Plains (SGP) site



DOE ARM SGP SITE /%5

Sept 2002-March 2005 ~ >SEC

Clear sky

[identified with ARM Active Remotely Sensed
Cloud Location (ARSCL product), AERI &
microwave standard deviations, and AIRS

surface properties]

e Surface Properties from AIRS
e AIRS-LBLRTM (Obs minus Calc)



Radiance

Emissivity
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100 f
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0.9n

0.85

Surface properties from AIRS
using AERI-observed surface

wavenumber (cm™)

—— Nup (sim)
Al — B(Ts)
|12 pm |
| l } \ I l l \
600 700 800 900 1000 1100 1200 1300 1400
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| _Vegetation
_ 60%_40%_
AERI Emissivity | ~ /combination
— Nup ( 0% Veg/ 100% Bare Soil) | N\ .\ . f
— Nup ( 60% Veg/ 40% Bare Soil) :
— Nup (1_00% Veg/ 0% Bare Soil) | Bare SO”;
] | | | | i i | l
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1
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Soane dites HT0AIT Lt. Graan: Pastura, Grass, eta,

Doark Grewn: Trews, shrubs, sto.

i
[
" 3b

Landsat TM scena provided by R. Cahalon, NASA-Goddard
Wag by Alice Crakella #00

Blua: Watoer

Technique
Surface Temperature from
assuming emissivity
€ (12 um) = 0.985

Vegetation Fraction from
fitting linear combination of
Bare Soil and Vegetation

9 um radiance
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Uncorrected 12 um B.T.
Vs. Truth (25 meter IRT)

AIRS 12 um B.T.

AIRS B.T. 832 cm’”
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Spectral Variance Method Spectral Variance Method
Vs. 12 micron B.T. Vs. Land Surface Model

AIRS Ts Absolute vs. 12 um B.T. AIRS Ts Absolute vs. AIRS Ts Model
330 ! | ! 330 ! | !
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Clear Sky AIRS minus LBLRTM

Tb (K)

Obs-Calc (K)
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Obs-Calc (K)
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AIRS minus LBLRTM, Mean & SD
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-15

300

Upper Level Water Vapor:

Interpretation of Radiance Residuals

200
600

1000

1200 1400
wavenumber

1800

0.5

600

1200 1400
wavenumber

airs_stm_mar2006_revercomb.ppt

1800

+ 20% H,0O above 7km
+15% H,0 above 7km
+10% H,0 above 7km
+ 5% H,0 above 7km
0 % H,O above 7km
H,O above 7km

-10 % H,0 above 7km
-15 % H,0 above 7km
-20 % H,0 above 7km

47



Calibratien Emphiasis

Make full use of the fundamental advantage of
high resolution infrared spectra
to provide a new standard of accuracy
for weather and climate applications

« High spectral resolution does offer inherent advantages
for calibration accuracy (Goody and Haskins, 1998)

o S-HIS verifies highly accurate AIRS radiometric calibration-
better than originally specified

« Characterizing the nature of small differences should lead
to Improvements in remote sensing

* The high resolution calibration advantage has also been
transferred to lower resolution IR instruments, like MODIS

Now concerned with tenths of K, not 1 K!
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