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Major Improvements

« LBLRTM
- Carbon Dioxide P-R Line Coupling (500 - 800 cm™)
- Line Parameters (Niro et al. 2005)
- Analytic Derivatives
- Profile Scaling
- Instructions

e MonoRTM

Spectroscopic Line Parameters
- Oxygen: Tretyakov et al.
- Not using HITRAN2004 (yet)
Fast Option: more lines included
183 GHz Spectroscopy for polar atmospheres
Profile Scaling

e Water Vapor Continuum
- Stable (?)
- Issue in 10u window (value of PWV from MWR for mt_ckd)

- Issues with water vapor continuum have become remarkably muted
|
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Bright. Temp. (K)

SHIS Analysis from AURA Validation Experiment
Gulf of Mexico - no sonde

M. W. Shephard and S. A. Clough, (AER) 12 Jun 06 18:57

SHIS AVE : 2298 0003_10 20041107 LW

SHIS AVE Observations 44.14DU O, 1.27 prec. cm H,0
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Line Coupling Parameters for the 5 < 2 Band

Wavenumber (cm-1)
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Effect of P-R Line Coupling on S-HIS Residuals

(Coupling Parameters: Niro et al. 2005; Hartmann’s Group)

300

——— LBLRTM_mono

280

e SHIS - cpl

s |NCPI - NO_Incpl

260

=

J—

N
B
o

Brightness Temperature (K)
n
n
o

200 L] L] L] L] L] L] . L] L] ' L] L] L] L.

180
700

705

710

715 720
Wavenumber

6

. 725

(cm-1)

730

735

BT Difference (K)




SHIS Analysis from AURA Validation Experiment
Gulf of Mexico - no sonde

M. W. Shephard and S. A. Clough, (AER) 12 Jun 06 18:57

SHIS AVE : 2298 0003_10 20041107 LW
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Pressure (hPa)

Impact on Temperature Profile
Reference: Radiosonde
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Radiance (W/cm® sr' cm™)

Rad. Residuals

AERI ARM NSA : 03/11/2001 11:13Z LW
ERI ARM NSA Observations 430.25 DU O, 0.19 prec. cm H,0
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Pressure (hPa)
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Analytic Derivative (Jacobian)

Upwelling/Downwelling
Layer derivative for each layer
Level derivative at each level
- linear combination of layer derivatives

Temperature

- forward finite difference for optical depth
Species

- single pass for each species

- Cross sections not implemented
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Upwelling at 20 km Water Vapor Jacobians: Level 2

£
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Clough et al.; 14 March 2006
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Upwelling at 20 km Temperature Jacobians: Level 8
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Line Parameters

e TES: tes v.1.3 -> tes v 14 ISSUes
- 600 - 3000 cm'?
- Carbon Dioxide: P-Q-R Line Coupling
F. Niro, K. Jucks, J.-M. Hartmann, JQSRT, 2005
- line coupling
- hitran 2004

« AER Vv 10 -> AER Vv 20
- 0 - 50000 cm-1
-tes v_2.0 will be a subset

e LNFL
- LNFL v2.1
- 100/150 character format
- new molecules
- new vibrational states
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Profile Scaling by Species

* Applications
- scale sonde to PWV from MWR
- scale h2o for column Jacobian (finite difference)
- scale ozone to TOMS

* Scale profile
- numerical scale factor
- specified mixing ratio

* Scale profile to a specified column amount
- molec/(cm? cm-1)
- PWV
- Dobson units

e
n

123456789_

$ t5ref 06/12/96 CAMEX NASA Flt #93-169 09/29/93 Wallops Island *ARM ITER = 2
HI=1 F4=1 CN=1 AE=0 EM=1 SC=3 FI=0 PL=0 TS=0 AM=1 MG=0 LA=0 OD=0 XS=1 00 00

500.0000 1174.0000 0.00E+00 0.0000000 0.00E+00 0.00E+00 0.20E-03 0.10E-02REJ=0 DV= 0.000 3
md
353.840e-06 287.
1
2. e+00

293.30000-1.0000000 0.000E+00 0.000E+00-1.0000000 0.000E+00 0.000E+00 s
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Radiance (W/cm® sr' cm”)

Residuals (W/cm?®sr' cm)

AERI

Downwelling at the Surface  ARM SGP Moist

5[ AERI_ARM SGP Observation 010722 (Sonde 0522 Z) 4.51 prec. cm H,0 -
1.5:10° = 331.4 DU O, -
1.0-10° —
5.0-10C .

oE :

410”7 -
(a) AERI ARM Ve ne File: hitran96 CKD .1
2.107 ‘ . ‘ |
O Wi ,1_L|I|n|l|l,l|,lH ‘
E
2.107 '
-7 " -
4-10 (b) AERI ARM - LBLRTM v7.00 _ Line File: aer_hitran_2000_updat 01.2 _ MT_CKD_1.0
2.107
0 Rl T g Iy 10T L apndl | l | L l_l iy 1 'l I i __'E
4e 10‘7 ~= —- : = -
(c) AERI ARM - LELRTM v7.00 Line File: aer_hitran_2000_updat_01.2 MT CKD 1.0
18x HCOOH
it 8x HCOO
&hu Lﬁ t}épﬂ .'”J ,__j LJ*P’* 4 . ,.!Llh \ Lr‘”“
ooy AP A T AT ARt
-2-10 .
800 1000 1200

Wavenumber (cm”)
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MonoRTM

* Spectroscopic Line Parameters
- Oxygen: Tretyakov et al. 2005
- Not using HITRAN2004 (yet)
- 183 GHz Spectroscopy

* Fast Option: more lines included

 Profile Scaling
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Speed Option Improvement

Full Set Reduced set Reduced set | MPM98
(new) (old)

H20 517 53 40 15

02 79 44 41 41

03 421 86 32 0

N20 28 11 4 0
< 00 NSA spectrum -
L
é 200 ﬂ r |I | ||'r\ i I “ "
: | H ||| '”'j J Old” MonoRTM reduced
g ] l&“ MJ | line set was adequate for
£ U E mid-latitude summer
g 0 200 400 600 conditions up to 300 GHz.

Frequency (GHz)

m{}mpfference (ISPD=0 minus ISPD=1) Blocﬂk old Blue: new. Greater number of lines
£ 1000 M w’ \., ) needed to maintain accuracy
S0 | ;|L. | ij 1 r. ' for low water vapor conditions
G . ¥4 ' TR . .
L || ,fﬁ . W &S and higher frequencies.
w0 u U 'Iuﬁ-_;-""' |
<}4}1_E| J A i Ay l ]
200 400 E00

Frequency (GHz)

|
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B (K)

MonoRTM with HO4 and TO5 Oxygen Parameters

500 |
250

200
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o

40 45

North Slope of Alaska Site

MWRP channels

50 55 60
Frequency (GHz)

65

/70
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MWR - MonoRTM

HO4: hitran2004 (Hoke et al.)
TO5: Tretyakov et al.

° o MWRP
‘X GSR ¥ } Jr Jr Jf HO4 -
< i
= S S B E
g—4? ,
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s 2 E
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Status Summary

e LBLRTM
- P-R line coupling implemented 600 - 800 cm-1

- Stable at a high level of accuracy (esp. for most ARM objectives)
- Issues with water vapor continuum have become remarkably mutec

 Line Parameters
- Stable at a high level of accuracy (esp. for most ARM objectives)

e MonoRTM
- Improved oxygen spectroscopy
- Stable at a high level of accuracy
- Halfwidth of 183 GHz H,O line to be modified
- Based on GSR measurements at NSA
- Important for PWV and CLW retrievals at NSA

e Excellent time to ‘freeze’ Models for
RRTM, QMEs and PWV/CLW applications
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Back-up slides to follow.........
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SHIS Analysis from AURA Validation Experiment

Gulf of Mexico - no sonde

M. W. Shephard and S. A. Clough, (AER) 12 Jun 06 18:57

SHIS AVE : 2298_0003_10 20041107 LW

SHIS AVE Observations 4414DU O,

1.27 prec. cm H.0

Wavenumber (cm’)
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Brightness Ternperature (K)
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Continuum:

Water Vapor

- Self / Foreign
- Single Line Shape for each

Carbon Dioxide

- V, Region Scaled based on this study
- Continuing Research Focus

Nitrogen: Collision Induced
- 2330 cm-1 Region
- Continuuing Research Focus

Oxygen: Collision Induced
- 1600 cm-1 Region Scaled

24
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Monortm Spectroscopic Line Parameters

HO4: hitran2004 (hoke et al.) TO5:Tretyakov et al.
L T T | -I | T T T | T | T T T T T T
Down-looking
200
<
k5 100 g
% 30 40 50 60 70 80 9 100 110 120 130 140 150
T T T T 1 1
" Up-lookin i
_ 200 P g —
<+ i
H5 100 |~ —
0 T 1, T T
~ .20 30 40 50 60 70 8 90 100 110 120 130 140 150
\x/ 10 T | T | T | .I | T | T | T | T | T | T | T | T | T
n - — Down-looking .
o 5 ; —
© “L --- Up-looking _
5 Aa o= ===
o o, .
= _ !ty /
o i \‘ / |
E _10 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1 | 1
20 30 40 50 60 70 80 90 100 110 120 130 140 150

Frequency (GHz)

Fig. 7. Top two panels: Brightness temperature (BT) for a standard Arctic atmosphere
simulated with HO4 (solid) and TO5 (dashed) parameters for a down-looking (top panel)

and up-looking (middle panel) view. The bottom panel is the brightness temperature difference
(HO4-TO05) for the down-looking (solid line) and up-looking (dashed line) view.
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Bright. Temp. (K)

SHIS Analysis from AFWEX Experiment
Oklahoma SGP - sonde

M. W. Shephard and S. A. Clough, (AER) 13 Jun 06 13:34

SHIS AFWEX : 12/10/2000 LW

280 AFWEX Observations 1539 DU O, 1.35 prec. cm H,0 =
Um Al e ————z
260 W =
240 (‘ —
220 —
(a) SHIS AFWEX - Ibirtm_v10.1 Prof : Sonde Freq. (em”)
(a) SHIS AFWEX - Ibirtm_v10.1 Prof : Sonde 5B, : 020 3 ¢ 800.
o MEAN : -0.038 3 % ] 780.
1 = ) _=‘ 760.
J‘f,’ | ﬂ' 2 - R 1 2o VR Se M - S e o v v, gl 740,
Y Wi oty 8 720.
=5 [+
= = -2 700.
-
. [ - . = -3 680.
2F LBLRTM: Ibirtm_v10.1 line file: TAPE3 tes_v_1.3_mrg_Incpl cntnm: MT_CKD_1.3 = 240 s s e
- 2 - =T 037 - [b} SHIS AFWEX - Ibirtm_v9.4_ Prof : Retrieval
gm_ ) (b) SHIS AFWEX - Ibirtm_v9.4_  Prof : Retrieval R \:  Jdis E g 800.
5 4 = 780.
© | 4 51 o o 760.
-g 0 m“'kwllr%“{\w«f I'ﬂu'ﬁlﬁ #,W«WW o i b ] 5 P _..*_._'_o?_ _zaf ‘d’ *g;. .' .\ L E ,_‘ A - 740.
D ' R E bt ¢ 720
Q - 4 2
-1 - i 700.
lr.n 2 LBLRTM: Ibirtm_v9.4_ line file: TAPE3 _tes_v_1.2_mrg_Incpl cntnm: MT_CKD_1.2 4 r § 680.
- 220 230 240 250 260 270
2 ‘ (c) SHIS AFWEX - Iblrtm_v10.1 Prof : Retrieval E‘EDQN: O.ggﬁ . 4 (c) SHIS AFWEX - Ibirtm_v10.1 Prof : Retrieval
1k g g3 800.
1 a4 = 780.
I l Iy |&. ﬁ*ﬂ(,q (T ||!Li. || M L TEREE, Mo et luc = SUMBITE VUL N7 L RRVY.T LN FES N PURSNPY T T RTIOR PURP o ST Tt o % 1 760
9 WHW?‘ il W '{ %H“ = " 1 2o R ", RS Wy b i P o e 740,
A 3 84 720.
2 LBLRTM: Ibirtm_v10.1 line file: TAPE3_tes_v_1.3_mrg_Incpl cntnm: MT_CKD_1.3 3 :1 -2 ggg
- .a .
600 700 800 9200 1000 220 230 260 270
Wavenumber (cm’) Brightness Temperature (K)
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T, Residuals (K)

Bright. Temp. (K)
n
[=1]
o

O = NW WN=O=NWw WN=-O0 =N

AIRS Analysis

ARM Tropical Western Pacific site - sonde

AIRS 12/08/0214:30 Z 5.39 prec. cm H,0 242.82 DU O,

LBL (Gaussia

lllllllll]lllll]lllllll
IlJIlIlllJIIIIliIlI 111

E RS . P - ARM TWP S SID 0.61
. (a) AIRS -|QIrtm_v10.1 Prof : ARM TWP Sonde ME AN: 00833
3 é!'—.- ——————————— #‘,—-ﬁwﬂl""—
;“ Line file: tes_v_1.3_mrg_Inecpl_pgi_| Ilnux Cntnm: MT_CKD_1.3 "E
3 . - i 1D
= (b) AIRS Iblrtm v9.4_  Prof : Retrieval aEAN
1 i '*3%, ik Vg
5_ Llne file: tes_v_1.2_mrg Incpll Cntnm: MT_CKD_1.2 .-
3 _ - i olD
3 ({:) AIRS - Ibirtm_v10.1 .Prof - Retrieval I
; N 1 3% I ._;" __________ ;
- 3X &g’k‘
E- © Line file: tes_v_1.3_mrg_Incpl_pgi_linux Cntnm: MT_CKD_1.3

1000 1500 2000 2500

Wavenumber (cm™)

T, Residuals (K) T, Residuals (K)

T, Residuals (K)

R = O = W

DR SO = W

d:-lblka-nm
T T

(a) AIRS - Ibirtm_v10.1 Prof : ARM TWP Sonde Freq. (cm”)
3 800.
E 780.
R e O T 740,
£ 700.
E 680.
200 220 240 260 300
(b) AIRS - Iblrtm_v9.4_  Prof : Helrleval
;: » o "‘.. ‘&." I"tdr‘i Re . .- :” ‘:
200 220 240 260 280 300
(c) AIRS - Iblrtm_v10.1  Prof : Retrieval
y - L
_""?m*" ng‘ -.m,s.; ik "“B' -
200 220 240 260 280 300

Brightness Temperature (K)
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Pressure (hPa)

Impact on Temperature Profile
Reference: ARM TWP Sonde

Retrieved v9.4 Retrieved v10.1

Difference =]

20.000

50.000

100.000 |

200.000

500.000

1000.000

-2 0 2 4
Temperature Change (K)
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Accuracy and Computational Cost

» Cost is proportional to the
number of lines

Reduced Line Set for
Accelerated Performance

Comparison: Number of lines used

Heg‘;’f“ MPM 98 Set
H20 | 517 a0 15
02 79 a1 a1
03 | 421 32 0
N20 | 28 a 0

Brighine &5 Temperature (K)
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LBLRTM Instructions

__|""| Yy Ibirtm _Instructions
| 4 # | [+ | [-I' | =| file /f fUsersclough Fortran [ B Irim _in:tructions/Ibirtm_instrections ramse.html

! i | l’."‘. Apple Mac TES DocuShare AER_riweb Yaboo! News {12719+ Maptluest Mactopia  Awitchboard TrianlV  Sagwa Home Amaz

| RELUEL 1.2
Hocard 1.1 User laentification THIRAC, ILRIF4, TCNTHM, TSERSL, TEMIT, [ISCAN. TFILTAR, TPLOT, ITEST, TATM, IMRC, TLAS, I
Aacard 1.2 LBLRTHM Contral Variabilas
Hecomd 1.2a Contnuum Faciors B s 13, 15, 20, 25, 0. 15, 10, 45, 53, §4-35, &0,
Bacomd 1.20  AJ:Vaniabs
Spacilicalion aM, 11, 4%,11, +4%,I1, «4X.I1, 4,71, 4¥,I1, 4X,I1, 4X,I1, 4,11, 4X,T1, 3X A2, £¥,IL, 4K,
Bioeard 1.2.1 LEL Paramaier
Specilicationa ) .
Hacard 1.3.a Frotile Scaline LHLRAL 0,1,2,5,4,9) selects desired wersion of HIRAL
SO
bEEfl'qml a]haun Profils Soall = 1 HIRAC HIRAL mot artiwvated; line-hy line calculation 15 hypassed
akad - S - (skips to selected functiond
- oy = I volgT profilel
HECOIE 1.8 BoEWLary Farame sy = 7 HIRACL c(Lorentz profile, not available 1n LELRTM)
Hecard 1.6a Pathrams sor U0 hi2s = 3 HIRMOD «Doppler profile, not avatlable in LELRTM)
Bacord 1,60, 1.6¢. and 1.6d Pathnams = 4 MNLTE Option (Mon Local Thermodynamic Egquilibrium)
Optians -state populations as a functicn of altitude reguired on TAPE4
Becord 2.1 Molecular options = 8 central line contributiom cmitted [functioms L-13}
Azcord 211 Layerinpat
Hacard 2.1.2 Leyer amaunts LHLF2 (0,1,2) flag for LELF4 [Line-By-Line Fumction 4}
Becomd 2.1.3 L L :
M Cross h:tlﬂnﬁﬁﬂm (LELF4 extends bound of Tine oy 1'ne calculation aewomd B4 nalfwidrhs
et S e 0 LBLF4 not activated (line by 1ine bound 1s 64 halfwidths)
p——— 4 -0 L ML A Varel me by line bound 15 alfwi
% E::;:::LE:EET&'E.}! (Hote: il THARAC>D and lineg coupling iz uwsed in generaling Lhe inpy
Rac 'J:IE-ELI La Ehri."l"-J'Il' =1 line by line bound iz 25 em-1 for all layer pressores [altitudes)
A L ciai o = 2 Tline by line bound i:dlg l:rr-i ;Dr layers m L:: pressures .{I. 3.5 mt
an cm- or Tayers et ressures LE. 0.5 m
Becord 3.1  LBLATM (atmosphare) (ILELF4 = & saves computational f'n#'llrl::'.'e a0 Err with minimal loss of
RAacord 3.2
RAacord 3.34 TCNTEM  (D,1,2,3,4,.5,6) Flag for contimaen (COMTHM)
Hacord 3368 = 0 no continuum calculated
arord 3.4 = 1 @17 contirua calculaved, inclading Rayledigh extincriom where applicab
Aecard 3.5 = 7 HZ0 self mot calculaced, all other concinuasRawleigh extincrion calcu
RAecard 3.61. 36N = 3 HI0 Teréign mel caloculaved, all other tonbinuwafRayleigh éstinclien Ca
Hacard 3.2H = 4 HI0 self and Foreign mob calculated, all other conbinuwaf/Rayleigh esti
Bacomd 3.3 = 5 Rayvleigh extinction not calculated, all other continwa calculated
Ei"':dﬁ' = § Indiwidual continuum scale factors inpat (Reguires Recerd l.2a)
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Impact on Temperature Profile
Reference: GMAO

Retrieved v9.4 Retrieved v10.1
. T K .
e P.'ff‘.eie.'?(.’?. - 200 220 o8 EEN) 280 30 Difference
'-TMF:E'.#’-M L L0 AL B gt g s e
100.000 | o : 1 100.000 [ L . 100000 [ ™ R&mv i 1
: ..o« TMRETV foq 1
O o !
b ! Al
z 1 e
=y Fed :
2 AL
F‘g-i 1 Fﬂ 1
200.000 = 200.000 200.000 <
o 1 g o
2 o . 1
! £ g
M |8 4,
(s 7] e
I "H g e
(1. a 1 HH
1 1 ks
1 2
500.000 ke 500.000 500.000 H
M rel
e Hy
o ! - -
1000.000 oo | dade oo b0y 1 osy o4 1000-0m T EIA T ARE R R R .I' 1000-0m b ey e By s Qe ol
4 2 0 2 4 200 220 240 260 280 300 4 2 0 2 4
Temperature Change (K) Temperature Change (K)

monotonic
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Chi Function

CO, Line Shape

LBLRTM Chi Function for CarbonDioxide

impact

[ [
— Clough et al., 1978

— Cousin (a) N2 296K

1.01\
0.8

A\

— Cousin (c) N2 238K ||
— Chi_LBLRTM_v_8

0.61

0.4

\\

(cm -1 molec / cm? ) -1

A
Cs

0.21

0.0-

==

‘s 10 15 20

Wavenumbers from Line Center (cm-1)

25

Chi function: Multiplies Lorentz function to account

for duration of collision effects.

CO2 Continuum (Corrected 06/01/2005)
(Symmetrized Power Spectral Density Function)

1E-24

1E-25 /P\ \

1E-27 |

1E-28
— Lorentz (impact) gl

1E-29 4 < — Iblrtm_v10.1 E \ !
/ — Ibirtm_v9.7_+ \»\

Iblrtm_v8.2 (TES)
1E-30 : :

1 I J ] J
200 300 400 500 600 700 800 900 1000 1100
Wavenumber (cm-1)

Continuum: Line contributions 25 cm™1
beyond line center

1200
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Topics

e Forward Model
- Atmospheric State
Layering, Pressure, Temperature and Column Amounts
- Layer Optical Depths
Line Parameters (Line Coupling)
Line Shape
Continuum
- Radiative Transfer

- Instrument Function

« Model/Measurement Comparisons
- Truth ?

 Temperature / Clear Sky

33



AIRS / SHIS Brightness Temperature Comparison
Excluding channels strongly affected by atmosphere above ER2

(AIRSobs-AlIRScalc)-
(SHISobs-SHIScalc) (K)

B—1 10110

!M—OQ M—OS! h-07

WA-04d TJ]—OﬂrC M—C!S

M—ol}b M-0da

Histograms

700 800 900 1000 1100 1200 1300 1400 1500 1600
wavenumber
PA—11 h—10 hA—09 h-08 h—=07F
0.04 : 015 -0.03 : 0.26 -0.04 : 014
Q 1 -1 -1
hA-04d hA—0d h—-04b h-04a
0.05 : 017 0.26 : 014 0.01 : n.1a

0.04 2017




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 .

' T~ ) SHIS : ~2km

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
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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 -
g 2f TES CO, Filter: 2B1 =
§ 0 :l £ ’ s, P | | —) J Ty S AL ¥ W PSTCLUT e V WY | WA '
g 2= <«— Errorin CO, above SHIS — STD : 0.59 —':
£ 4 MEAN: 0.13 =
% 700 750 800 850 900

3 4F -
% 9 - TES Ozone Filter: 1B2 =
¢ - =
) 3
% 2 E_ <4— Error in Oz above SHIS —» STD 0.35 _E
o -4k MEAN: -0.092 “
o

£ 950 1000 1050 1100 1150
2 4 =
ﬁ 2 TES Water Filter: 2A1 B
£

K=

=

@

' STD : 030 —
4 MEAN: 0088 1
1100 1150 1200 1250 1300

|
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SHIS Analysis from AURA Validation Experiment
Persistent Spectral Residuals

(K)
[ ]
=]

280

e
[=1]
(=]

240
220

Bright. Temp.

T, Residuals (K)
(=]

] (]
(=] —

M. W. Shephard and S. A. Clough, (AER) 12 Jun 06 18:57

SHIS AVE : 2298 0003_10 20041107 LW

HIS AVE Observations

200 -

44.14DU O, 1.27 prec. cm H0
WY

g SID : 035
(a) SHIS AVE - Iblrtm_v10.1  Prof : GMAO MEAN: -061

=
1
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
lllll. IIIIIIIII

line file: TAPE3 tes v_1.3 mrg_Incpl cntnm: MT_CKD 1.3

IlIIII]

Soramm

LBLRTM: Iblrtm_v9.4_ line file: TAPE3_tes_v_1.2 mrg_Incpl cntnm: MT_CKD_1.2

! ; ; STID : 025
(b) SHIS AVE - Ibirtm_v9.4  Prof : Retrieval MEAN: -0083

I ‘_u { A

I
I
I
I
I
I
|
I
I
(|
I
I
|
1
l
I
lllll! _ll]lll.ll

700

750 800 850 900
Wavenumber (cm”)
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GMAO

Temp

Temp &
Spectroscopy Only

8
S

Bright. Temp. (K)

8
S

180

T, Residuals

T, Residuals

T, Residuals

8
S

260
240

R
S

SHIS AVE Retrieval Results

Observation

T WW”‘”’W g z'ﬂp'Etc“cT TEI 'Wmﬁ”

I
| (I [
| (I LIt
| (I [
| | (A | 11
| (I L
| (| [
! (I [
| R [
Il [} | I 11
| TR ST T VR A A S SR A S S SR i AP L ls

Reierence (Obs FM Calc ) Iter: 0
AR RS R e "|"'rJEhi.|'(r'.e,fv'1"'-6.&0'1'2 ......
11 T I | 1o | STD (retv.) 0.4514
| |
| |

1 PR BTSN SN S W T S S A A Y

2ETT

(N1 (N [}
Ll [

700 800 900 1000 1100 1200

Retrieval (Obs. - Linear Projected FM Calc.) Iter: 1
2 (T e | [ [ EAN (retv. ] : 0.0095
1 | || e | 1 11 STD(retv.) 0.2034
gr e | [ [ | [
= | [ [
tw}[ “QJ#“ WI"' 1 S Mt’f‘iﬂ“ﬁ"‘_ﬁﬂiﬁﬁw Ve
0 ||1 “ Ww ﬁLﬁ“ Fob .ﬁt %nu I ﬂ!ri
||r| 1 | [ [
-1 Lo | [ [
M | | | -l -
'2 | JI Lal 1 [PPSR N R N A N N R A il I S R N S N T S T N S ) | IR N S T N R A
600 700 800 900 1000 1100 1200

Wavenumber (cm™)

—— Retrieval Spectral Region

T, Residuals (K)
- )

T, Residuals (K)

tfar{:-'-o-nnu

T, Residuals (K)
- )

Scatter plots of Brightness
Temperature vs. Residuals
(Obs - Calc.) binned in 20 cm?

intervals from the CO, v, region

Original (Obs. - FM Calc.)

Iter: 0 Freq. (cm”)

?' e o *

o . " id ]

= - . - - - - .% .‘. - L d 2 $
E . -y e e, by

el o ‘::.:0 o0 e, Yl e ..n.‘.”
3 A0

200 220 240 260

Retrle\ral (Obs. - Linear Projected FM Calc} Iter: 1

200

220

240 260

280

Retrieval (Obs. - Linear Projected FM Calc.) lter: 1

220

240 260
Brightness Temperature (K)

280

800.
780.
760.
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Pressure (hPa)

SHIS AVE Temperature Retrieval Results

Temp &
Temp Onl
P y Spectroscopy
T ture (K ] . .
200 220 erzna%e a ":EE& ) 280 300 Difference Difference
100.000 _ o !-I—I" ,Tlenl1p; G:MIAE) ISII'IIé 100.000 _:l :I':e;'r:pl gi{l'éEF;(;t'vH' ;);1:3;):"1‘ :' T:amp lSt{ls:ﬁewh an!d COR) - Temp
| ] e---« Temp SHIS Retv(T|only) : E Do
{15 ?, . 115
| |
o L |
* o i
S| £
200.000 | 200.000 : ! i :
_— "' 1 '__ | —_—
J110E Sy - 10E
S— ’,‘ 1 ',l St
= L 1" S
2 1 (% 2
= 1o Y =
< 1 ® I = <
[ R
1 15 I s
500.000 ¢ 45 500.000 ¥ : 15
A
| S
S %
“-l "'I
A ]
I T S o
1000_000 = [T S T [T T T TR NN TN TR TR S TR T T N T T ]0 1000_000 TETENETE NOY U FURY A lllllll]l—'l‘lllllllll]lnjo
200 220 240 260 280 300 6 -4 -2 0 2 4 6 6 -4 2 0 2 4 6
Temperature Change (K) Temperature Change (K)
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Averaging Kernels for S-HIS

M. W. Shephard and S. A. Clough, (AER) 19 Feb 06 10:52

Temp
e e—rrrmmm T -
100.000 |- : Total DOF: 7.41 o
_200.000 | :
ire)
E R
o —
: i S — -
N
7
o —
o B —
500.000 —_
1000000 &=~ . . o , R p———— . —
-0.2 0.0 0.2 0.4 0.6 0.8

Averaging Kernel
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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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AIRS: new spectroscopy

Atmosphere: sonde/adjusted ecmwf
Oblserv?tim?

320 T T T | T T T T | T

L} L] I
216.60 DU O,

5.32 prec. cm H,0

N W
L o
o o

Bright. Temp. (K)
N
(=23
o

III]IIIIIIIII!IIIIII IIII

Ilter: 0

MEAN (retv.) : '8.05'72 :

.. i: . il A 3., o STD (retv.) : ‘. .fs'z
iR %@éﬁ’,ﬁ'g ----------- T e

F

T, Residuals
o

-
)
e
-
L ]
e -

Retrieval (Obs. - Linear Projected FM Calc.) lter: 1

MEAN (retv.) :

l: L ¢ & ' STD(retv_l : ‘::8%7.%?
&Q?ﬂ&*[ﬁi —————————————— ¥

T, Residuals
o

1000 1500 2000 2500
Wavenumber (cm™)
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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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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

Temp Temp
o s +— 7 b S e —Ls _o— 7 T i S e b
100.000 *_> Total DOF: 7.41 - Total DOF: 6.95
__200.000 | 1 4
)
E 1020, —— 1020, —
o 908.5 — 908.5 —
< s 7499 — | 7499 —— |
=
W
wn
@ 4247 — 3
o i U Y
500.000 | 195? - 1’5%_’% i
i 161.6 —— | 1616 —— |
e 1101 — . 1101 ——— |
! ~ 88.23 - . ] 88.23 - 1
¢ 8623 — | S —— 8428 —— |
1000.000 & A s T B o S DR . B el —— -
-0.2 0.0 0.2 0.4 0.6 0.8 0.2 0.0 0.2 0.4 0.6 0.8

Averaging Kernel
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LBLRTM Validation : TES CO, v, Filter

TES 2298 0003_10_ Valndatlons Vnewmg Mode: nadlr 2B1
320ETES Observations 20041107 "1.16 prec. cm H,0

0 . TR

260

TES Obs.

240

Bright. Temp. (K)

. TES - LBLRTM a
3 L
TES - LBLRTM E
2 | I¥
:
" MEAN : -0.0086 .
[ TES(SHIS ILS) - LBLRTM 2
23— I —
TES(SHIS ILS) - LBLRTM Jm P ﬂ”dﬂ_ﬂ-”ﬂwm w'uwd Tty wr 3
0 : | J n.vﬂ ‘ﬂf KA -\,MMJ% 'u"wuﬁﬂrj | g7 _.w\}\_w p\l@l. \(‘(‘““ﬁ"i_“f:\‘“;ﬁﬁw ﬁ_L
2 STD : 065
o [T ]blrlr‘l"l_\rg.'f_fgo line file: lt-es_v_1.2_mo-l_? c-ntlnm: MT _CKD 1.2 _ ME_AN 3 '0-00§3 .
i SHIS - LBLRTM ' E
SHIS-LBLRTM B ol ey 3
STD : 0.40 —f
. . . MEAN: 044
700 750 800 850 900

Wavenumber (cm)
|
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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
Spet =

32

63

21

42

74

85

52

84

2 2
a2 32 32
2 2
a
a2 63 22
o o 3
a
a2 21 32
2 2 |
a2 42 32
a0 ; a :
a a
a2 74 32
2 2
a2 85 32
2 2 3 '
a2 52 32
2 2
a2 84 22
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Pressure (hPa)
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