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The GEISA Database
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[1] GEISA: From Earth’ Atmosphere Satellite 
Sounding …………
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[1] ….. To Planet Atmospheres Satellite Sounding
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[2] GEISA-2011 System Overall Description

spectral range 10-6 - 35,877 cm-1 (1010 - 0.28 µm)
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[2] GEISA-11 Line Parameters Sub-database Evolution Since 
1978
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Archived Spectroscopic Line Parameters

� � � � � � � 	 
 � � �
 � 	 � � � � � � � � � � �� � � �
� � � � � � � � � � � � � � � � � �� � � � �� � � 
 � 	 � � � 
 	 � � � � � � � �� 	 � � �
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Mole Spectral range
(cm-1)

# lines

H2O

CO2

O3

N2O

CO

CH4

O2

NO

0.007 < 25,232.004

5.891 < 12,784.053

0.0263 - 6395.379

0.838 < 7,796.633

3.414 < 8,464.882

0.001 < 9,199.284

0.000 < 15,927.230

0.000 - 9273.214

67,504

413,524

389,378

50,633

13,515

240, 858

6,428 

105,079

Mole Spectral range
(cm-1)

# lines

HBr

HI

ClO

OCS

H2CO

C2H6

CH3D

C H

16.232 < 9,758.564

12.509 < 8,487.305

0.015 < 1,207.639

0.381 < 4,199.671

0.000 < 3,099.958

706.601501 - 961.145

7.760 < 6,510.326

604.774 < 9,889.038

1,294

806

7,230

33,809

37,050

28,439

49,237 

11,340

Mole Spectral range
(cm-1)

# lines

N2

CH3Cl

H2O2

H2S

HCOOH

COF2

SF6

C H

1,992.628 < 2,625.497

674.143 < 3,172.927

0.043 < 1,730.371

2.985 < 4,256.547

10.018 < 1,889.334

725.005 < 2,001.348

588.488 - 975.788

288.913 - 673.479

120

18,344

126,983

20,788

62,684

70,904

92,398

19,001

[2] GEISA-2011: Line Parameters Sub-database Content
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50 Molecules    111 isotopes
Total # lines 3,794,483

NO

SO2

NO2

NH3

PH3

HNO3

OH

HF

HCl

0.000 - 9273.214

0.0174 < 4,092.948

0.498 < 3,074.152

0.058 < 5,294.501

17.805 - 3601.652

0.0119 < 1,769.982

0.005 < 35,877.031

41.111 < 11,535.570

20.240 < 13,457.841

105,079

68,728

104,223

29,082

20,421

669,988

42,866

107

533

C2H2

C2H4

GeH4

HCN

C3H8

C2N2

C4H2

HC3N

HOCl

604.774 < 9,889.038

701.203 < 3,242.172

1,937.371 < 2,224.570

0.006 < 17,581.010

700.015 - 799.930

203.955 < 2,181.690

191.635 - 730.235

463.604 - 759.989

0.0236 < 3,799.682

11,340

18,378

824

81,889

8,983 

2,577 

119,480 

179,347

17,862

C3H4

HO2

ClONO2

&
'

&
'

&
'

&
'

(

( (

(

)
*

)
*

)
*

)
*

&
'

&
'

&
'

&
'

(

( (

(

+
'

+
'

+
'

+
'

,

+
-

,

+
-

,

+
-

,

+
-

' ,

&

' ,

&

' ,

&

' ,

&

&

& &

&/.

. .

.

'

' '

'

.

. .

.

&

& &

&/0

0 0

0

' 1

' 1' 1

' 1

&
2

&
2

&
2

&
2

3

3 3

3

&
'

&
'

&
'

&
'

(

( (

(

&

,

&

,

&

,

&

,

288.913 - 673.479

0.173 < 3,675.819

0.636 - 797.741
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[2] GEISA-2011 : What’s new ? (ETHER distribution)
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[3] GEISA : Effective Use[3] GEISA and IASI Atmospheric Sounding

Launch of METOP-B September 2012
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GEISA/IASI (599-3001 cm-1) used as the reference spectroscopic 
database: 20 GEISA selected molecules for operational meteorology 
and trace gas retrievals; 6 IR cross-sections including PANS; 
associated aerosol components GEISA sub-database.

Validation achieved using 4A/OP line by line Radiative Transfer 
Model [Scott & Chédin, J.Appl.Met (1981); 4A/LMD http://ara.abct.lmd.polytechnique.fr; 

4A/OP  co-developed by LMD and Noveltis with the support of CNES (2006)]



[4] Critical Evaluation of Spectroscopic Data Quality

a) Evaluation of the impact of H2O spectroscopic archive on IASI radiative 
transfer modelling

� STRANSAC; line-by-line and layer-by-layer model
[N.A. Scott, 1974=�JQSRT, 14, 691-707]

� 4A (Automatized Atmospheric Absorption Atlas); fast and accurate line-by-line radiative transfer model
[N.A. Scott and A. Ch� din, 1981, J. Appl. Meteor., 20, n� 7, 802-812; Tournier et al. 1995; Ch� ruy et al. 

� Radiative transfer  simulations with ARA/ABC(t)/LMD radiative transfer models in their lalest versions
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[N.A. Scott and A. Ch� din, 1981, J. Appl. Meteor., 20, n� 7, 802-812; Tournier et al. 1995; Ch� ruy et al. 
1995]

� Selected Spectroscopic  Databases

GEISA [Jacquinet-Husson N.  et al. JQSRT 112 (2011) 2395-2445] Revision 2011 of this reference

HITRAN [Rothman L.S. et al. JQSRT 110 (2009) 533-572] it its latest revision 

Differences in spectroscopic parameters archives and subsequent IASI radiative transfer 

modelling, in terms of Brightness Temperature (K) differences  � BT (K)



[4] H2O Spectroscopy Differences Illustration (1)
IASI brightness temperature BT (K) simulation with GEISA

Differences in BT(K) using GEISA  or HITRAN
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[4] Evaluation of spectroscopic parameters individual 
impact on IASI  BT modelling differences (2)

IASI  Band 3  (15.50 � 8.26  � m) HWHM impact evaluation
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H2O : � BT  [GEISA - GEISA with HWHM from HITRAN]

[4] H2O Spectroscopy Differences Illustration (3)
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H2O : Content diff� rences for HWHM [GEISA < HITRAN]

(cm-1)


 � 	 � � � � 	 � �

� � � � 7@�/ �

For GEISA and HITRAN common lines with intensities > 10 -23 cm molecule -1 at 296 K



H2O : � BT [GEISA-GEISA with HWHM from HITRAN]                  with IASI noise display

[4] H2O Spectroscopy Differences Illustration (4)
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H2O : � BT [GEISA-GEISA with HWHM from HITRAN]                    with IASI-NG noise display

/

For IASI-NG:  Spectral  Resolution X 2 and Noise divided by 2 comparing with IASI



b) Evaluation of the impact of H2O spectroscopic archive on IASI 
ASimulations-ObservationsB brightness temperature differences

Observations over sea; Spectral Interval : 800 < 900 cm-1; July 2007- November 2009 period

[4] Critical Evaluation of Spectroscopic Data Quality
(following)

� Relation with differences in
spectroscopic parameters to be 

evaluated
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2003 and 2009 Versions of GEISA
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�� What would be obtained with IASI-NG  ?


� 	 � � �
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2003 and 2009 Versions of GEISA



� Necessary validation of database spectroscopic parameters: 
Comparisons of HITRAN or GEISA modelling and real IASI spectra lead to the conclusion that, still need to be validated:

Water vapour   parameters and the continuum reinvestigated. 
O3 in the 9.6 � m region

[5] General Spectroscopic Requirement to Achieve Forward Model 
Accuracies Required for Retrievals From IASI and Future Sounders

NON EXHAUSTIVE LIST RESTRICtED TO EARTH’s ATMOSPHERE

FROM CONCLUSIONS OF: 
•ISSWG (IASI Science Sounding Working Group)  meetings
•2nd INTERNATIONAL IASI CONFERENCE, (JANUARY 2010)
•VALIDATION WITH THE 4A/OP LINE BY LINE RADIATIVE TRANSFER MODEL
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� Temperature dependence  for the freons bands at 850 and 920 cm-1 to be refined

� Assessment to be made of:

Spectroscopic molecular species related to IASI trace gas retrievals :HCN, NH3, HCOOH, C2H4, CH3OH, H2CO. 
Cross-sections: CFC-11, CFC-12, CFC-14, CCl4, N2O5, HCFC-22 and especially PAN.

� Areas of major investigation importance:

Line coupling/mixing modelling (works in progress at LISA) (which should be used in conjunction with the 
molecular parameters of the data base from which they have been derived)

Non-LTE effects

IASI related spectroscopy problems with H2O and CO2 as first priority



� CH4 and CH3D : in the near-infrared region (from 0.8 to 1.3 � m) both from theory and laboratory 
measurements

CH3D: bands around 2 � m

Far wings line profiles broadened by N2 at low temperature

� C6H2: at 621 cm-1;  this band is being studied by Jolly and Bénilan (LISA)

� C4N2: at 472 cm-1 (CIRS interest)

� C3H8: needs of bands at 869, 922, 1053 and 1158 cm-1

� C3H4 (allene)

� C2H6 : need of the spectroscopic parameters for the 1400-1500 cm-1 band 
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 �

����5] NEEDS IN SPACE STUDIES OF OUTER PLANETS, TITAN and VENUS
(Courtesy of Athena Coustenis and Bruno Bézard)
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(observed on Jupiter & Titan), full analysis is ongoing

� For molecules heavier than C2H6 (like C6H2, HC5N) there’s still few data

� CO2 related with VENUS atmosphere: 

- complementary data needed at 1.0, 1.1 and 1.18 � m

- investigation of continuum
� Nitriles:

- C2N2 : no data on the combination band  at 735 cm-1 (which interferes with C2H2 and C3H8).
- CH3CN (acetonitrile has been observed in the millimeter range, but also has bands in the mid far 
IR) 
- Other nitriles : propionitrile etc...

� PH3: has improved but further work would be appreciated (for Saturn)

� Intensities : area (sub-mm) covered by FP1/CIRS on Cassini; needs also on: HC3N, C6H2, HC5N, 
C4N2;perhaps      intensities on methylacetylene to be revised.
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