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Topics

« Status of LBLRTM Analytic Jacobian

 Temperature and Emissivity of the Surface
 Temperature Profiles

» Species Profiles

* Upwelling/Downwelling

« Status of LBLRTM for Passive Remote Sensing
 Temperature

» Retrieval of Spectroscopic Parameters from

High Resolution Spectral Observations
« SHIS, TES, AIRS, AERI



Upwelling at 20 km Temperature Jacobians: Level 8
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Upwelling at 20 km Water Vapor Jacobians: Level 2
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What is ‘Truth’?

« Spectral Residuals are Key!

« Consistency within a band system
— Focus of this presentation

« Consistency between bands
— AIRS v, and v; bands to investigate consistency for CO,

« Consistency between species
— TES: temperature from O; and H,O consistent with CO,; N,O

« Consistency between instruments

- SHIS - MIPAS
- AIRS - ACE
- TES

|
5



Spectral Radiance Measurements

« Theretrieval of atmospheric parameters with InfraRed Remote Sensing is a
Poorly Posed Problem

« High Accuracy in the Forward Model and the Measured Radiances
is Essential

o Truth at the Level Required is not readily Available
- sonde accuracies; spatial and temporal sampling
- laboratory measurements



Aura Validation Experiment :Nov. 7, 2004 : Gulf of Mexico
AVE Observations to Investigate Line-by-line Calculations

. . Frh.ln 2298 .E‘D!]4-1 1 -0?T1 9.:25:0 i .
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EW' 3 Spectral resolution: 0.48 cm1
| TES Underflight

25.42: _ Altitude of 18 km

26.40

TES : 8x5km

Spectral resolution: 0.06 cm™
[ \ ] Nadir
e N 2 19:25 UTC

I
+

26.38

Brightness Temperature (K) @ 1105 cm !

SHIS scans - averaged nine —~2 km circles
TES nadir scan - average of the sixteen 0.5 x 5km
rectangular pixels from overpass



Brightness Temperature Residual Difference (K)

TES - SHIS Radiance Comparison

e TES Convolved to SHIS ILS

e {TES - LBLRTM(TES Geometry)} = {SHIS - LBLRTM(SHIS Geometry)}

Aura Validation Experiment (AVE) 11/07/04 2298 0003 _10

4 -
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Reduction of Residuals in v, Region

Simultaneous Retrieval of Temperature and Line Parameters

For each Vibration-Rotation Band (8 — 3)
— Line Strength (3 parameters)
— Line Width (2 parameters)

« Global
— P - R Line Coupling (Hartmann) (scaling)
— Q Line Coupling (Hartmann) (scaling)
— Halfwidth Temperature Dependence
— CO, Continuum (scaling)



Corrections to CO, line intensities and widths

« Form of correction to line intensities:

Linda Brown

Sret = SHITRAN (1+ a‘O) (1+ a‘lm T a2m2)2

« Form of correction to line widths:

Wret :WHITRAN (1"‘ bo T b1 | m |)

« mis related to the upper state local quantum number.

. For the P branch |m=—J

For the R branch

m=J"+1

Retrieval parameters: a,, a,, a,, by, b,

10




Line Coupling Parameters for the 5 <2 Band

Wavenumber (cm-1)
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Sensitivity Studies (Jacobians)

« a, a4, a,, b, perturbed to

change intensities/widths in Reference

HITRAN line file. Spectrum
- Values chosen toinduce 10% _ ' L gy,

change in intensity/width at 37 = ° - dy

- 40 —2:: ................... ::

- Perturbation spectra calculated = ;MM % al

for each parameter, each band. -

Te [K]
QD
N

4 T ——————. =

Example: 21 band 2 -
oo bl

-2 . . . . . L . . S

600 650 700 750 800

Wavenumber [cm™]
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Spectroscopy
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Detail View Before Spectroscopy

o Further reduce residuals in the CO2 v2 spectral region

Data vs. LBLRTM, oversampled 8x
300 ; ;

295

290
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285

llIIIII

280 —__. A . ,LBLRTM .  Data . . . . . . A \
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IIIIIIII T
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Wavenumber (cm ')

|
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Pressure (hPa)

SHIS AVE Temperature Retrieval Results

Temp &
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Averaging Kernels

M. W. Shephard and S. A. Clough, (AER) 19 Feb 06 10:52
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SHIS AVE CO, Retrieved Parameters

Band Band Retrieved Parameter
center
(cm™)
32 618.03 a, 1%
b, 1%
21 667.38 a, -2%
52 |72081 a, |-4%
b, 3%
ALL Bands CO, 2X
CNTMN
P/R Line Coupling - 50%

Sret = Shitran (1 + @) (1+ a;m + a;m?)?

Wiet = Wiyrran(l +0g +b; [m)
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What is ‘Truth’?

« Spectral Residuals are Key!

« Consistency within a band system
— Focus of this presentation

« Consistency between bands
— AIRS v, and v; bands to investigate consistency for CO,

« Consistency between species
— TES: temperature from O; and H,O consistent with CO,; N,O

« Consistency between instruments

- SHIS - MIPAS
- AIRS - ACE
- TES

|
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AIRS: new spectroscopy

Atmosphere: sonde/adjusted ecmwf
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‘Truth’ isn’t ubiquitous- Yet!

« Spectral Residuals are Key!

« Consistency within a band system
— Focus of this presentation

« Consistency between bands
— AIRS v, and v; bands to investigate consistency for CO,

« Consistency between species
— TES: temperature from O; and H,O consistent with CO,; AIRS: CO,, N,O

« Consistency between instruments

- SHIS - MIPAS
- AIRS - ACE
- TES

|
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Back-up slides to follow.........
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CO, Line Shape

LBLRTM Chi Function for CarbonDioxide CO2 Continuum

1.0+ impact T I 1E-24
] — Clough et al., 1978
] i 1E-25
0 85 — Cousin (a) N2 296K
E — Cousin (c) N2 238K || 1E-26 |- /
§ — Chi_LBLRTM_v_8 "
0.6: 1E-27

/.
/
,.-"
1E-28 -
//’
\ rd

Chi Function

1E-29 /

] ¥ o
0.2 \ 1E-30- ¥ |
4] \s - - e
] ¥ 2 il — Lorentz (impact) e
] L —  Iblrtm_v6.01

Ct (cm 1 molec/cm?) -1

S\

0.0-

0 - > - 10 o 15 o 20 - 25 1E_Szo 200 200 Ibl:-T_V&Z BUU 1000 1200 1400
Wavenumbers from Line Center (cm-1) Wavenumber (cm-1)
Chi function: The spectral function by which the
Lorentz line shape (impact) must be Continuum: Line contributions 25 cm™
multiplied to obtain the “true” line shape. beyond line center
Sub-Lorentzian chi function accounts

for the duration of collision effects.
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Perturbations to

—
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Perturbations to line intensities/widths: 2«1 band
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Perturbations to line intensities/widths: 4«2 band

Reference
spectrum

To [K]
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Perturbations to line intensities/widths: 5«2 band
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Reference
spectrum
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Perturbations to line intensities/widths: 6«3 band

Reference
spectrum
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Perturbations to line intensities/widths: 7«4 band
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spectrum
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Perturbations to line intensities/widths: 8«5 band

320¢
300 ¢
__ 280
X' 260
= 240 F
= 220¢
200
180 &

Reference
spectrum

do

To [K]
:

Te [K]
QD
=

To [K]
QO
N

600 650 700 750 800

30



Perturbations to line intensities/widths: 8«4 band
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spectrum
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M. W. Shephard and S. A. Clough,

Averaging Kernels

(AER) 19 Feb 06 10:52

M. W. Shephard and S. A. Clough, (AER) 19 Feb 06 11:41
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LBLRTM Validation : TES CO, v, Filter

TES 2298 0003_10_ Valndatlons Vnewmg Mode: nadlr 2B1
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SHIS AVE CO, Width and Intensity Retrieval Results

Band Band Retrieved
center value
(cm™)
32 618.03 a -0.0053
a, | -0.00051
a, | 0.000004
0.00055
21 667.38 a, 0.077
a, | 0.00022
a, -0.000039
-0.00077
52 720.81 a, 0.015
a, | 0.00028
a, -0.000016
-0.00075
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Averaging Kernel % Difference in RMS

Shitran (1 +20) (L + a;m +a,m?)?

Wiet = Wiyrran (104 m|)
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