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Abstract

The content of the current (2003) version, GEISA/IASI-03, of the computer-accessible spectroscopic
database, GEISA/IASI, is described. This ‘“‘system” or database is comprised of three independent
spectroscopic archives, which are (a) a database of individual spectral line parameters on 14 molecules,
H,0, CO,, O3, N,O, CO, CHy, Oy, NO, SO,, NO,, HNOj3, OCS, C,H,, N, and the related 51 isotopomers
and isotopologues, representing 702,550 entries, in the spectral range 599-3001cm™!, (b) a database of
spectral absorption cross-sections (6,572,329 entries related to six molecules, CFC-11, CFC-12, CFC-14,
HCFC-22, N,0s, CCly), and a catalogue of microphysical and optical properties (mainly, the refractive
indices) of atmospheric aerosols. The modifications and improvements, which have been implemented since
the earlier editions of this database, in terms of content and management, have been explained in detail.
GEISA/IASI has been created with the specific purpose of assessing the capability of measurement by the
IASI instrument within the designated goals of ISSWG in the frame of the CNES/EUMETSAT European
Polar System preparation.

All the archived data can be handled through a user-friendly associated management software, which is
posted on the ARA/LMD group web site at http://ara.Imd.polytechnique.fr.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: GEISA; GEISA/IASI, Spectroscopic database; Atmospheric absorption; CFC’s cross-sections; Atmospheric
aerosols

1. Introduction

The new generation of, actual or planned, vertical sounding high-resolution infrared
instruments, such as AIRS (http:www.airs.jpl.nasa.gov/) in the USA and IA4SI (http://earth-
sciences.cnes.fr/IASI/) in Europe, will have improved vertical resolution and accuracy compared
to the currently operating instruments. They will mainly be devoted to that aspect of operational
meteorology, which is associated with numerical weather prediction, with the express purpose of
providing improved information about the vertical atmospheric structure and surface properties.
The performance of these second-generation vertical spatial sounders will highly depend on the
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accuracy in the spectroscopic parameters of the optically active atmospheric gases, since such data
constitute an essential input in the forward models that are used to interpret the recorded spectral
radiance. Consequently, a strong demand exists for a highly comprehensive, well-validated,
efficiently operational, and desirably interactive computer-based spectroscopic database. In order
to meet demands such as these, the ARA group at LMD (see [1-4]) has been engaged during the
past three decades in the development of GEISA. It is a computer-accessible database and was
designed to facilitate accurate and fast, forward calculations of atmospheric radiative transfer
using a line-by-line and (atmospheric) layer-by-layer approach. This effort has proven to be
beneficial to the atmospheric scientific community participating in direct and inverse radiative
transfer studies.

The GEISA/IASI database was derived from GEISA as described in Refs. [5,6]. It has been
created for the purpose of assessing the capability of /4SI, within the ISSWG, in the framework
of the EPS preparation of CNES/EUMETSAT. The assessment will be done by simulating either
high-resolution radiance spectra or experimental data, or both, as the situation demands. In order
to bring about an improvement in our knowledge of spectroscopic parameters and to ensure the
continuous upgrade and maintenance of GEISA/IASI during the 15 years of operation of the
1ASI instrument, EUMETSAT and CNES have created the GIDSC. EUMETSAT is planning to
implement GEISA/IASI into the ground segment of EPS. There have been three versions of
GEISA/IASI since its creation. They are all described in Refs. [6-8]. GEISA/IASI, in its current
edition, is both an extract, from a more extensive GEISA database which has been devised to suit
the needs of 14SI or AIRS within the 599-3001 cm~' spectral range and a continuing update of
GEISA-03 [8,9], which has a similar structure. It is comprised of the following three independent
sub-databases devoted, respectively, to infrared spectral line parameters, infrared absorption
cross-sections, microphysical and optical properties of atmospheric aerosols. A user can easily
access and work with all of the archived data by using our user-friendly GEISA-associated
management software (http://ara.Imd.polytechnique.fr).

2. Overview of the GEISA/IASI-03 sub-database on individual line transition spectroscopic
parameters

This sub-database of GEISA/IASI-03 has the necessary parameters of the well-resolved spectral
lines of 14 molecules, whose 51 isotopomers/isotopologues” are included, and selected by the
GIDSC. It contains 702,550 entries. The molecules involved are H,O, CO,, O3, N,O, CO, CHy,
0,, NO, SO,, NO,, HNO;3, OCS, C,H,, and N». It has to be noticed that CH3D (monodeuterated
methane), independent molecule in GEISA, is considered as an isotopologue of CHy in GEISA/
IASI.

The parameters of each spectral line or molecular vibrational-rotational transition are stored in
the new “format standard” of GEISA and GEISA/IASI-03 [8,9], with an extended number (from

2An isotopologue is a molecular twin, as it were, that differs from the original molecule in the isotopic composition
(number of isotopic substitutions) only; for example, '3CH4 and '">’CH;D are isotopologues of '>?CHy4. An isotopomer (a
contraction of ‘isotopic isomer’), on the other hand, has the same number of each of the isotopic atoms, but differing in
t f “isot the other hand, has th ber of each of th t but diff
their orientation within the molecular structure (giving rise to different spectra); for example, '90'%0'°0 is an
isotopomer of '°0'*0'®0 and so is '*N'NO of "N'*NO.
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16 to 30) of the selected line parameters with the associated error estimations. The file structure is
presented in Table 1. Symbolic field names are in the first line, and the field lengths and format
descriptors are in lines 2 and 3, respectively. The A—Q fields are similar to those described in Ref.
[4], but with some extensions in the field lengths and differences in the description of the format.
These differences are identified by a reminder of the former format in italics. The description of
each field is given at the bottom of the table.

As the continuum depends on the radiative transfer algorithm which has been used to fit the
experimental measurements, it has been decided not to include the different published data on the
continuum (i.e.: continuum of H,O, O,, N;) in the GEISA database. We preferred, instead, to
take these contributions into account in the line-by-line algorithms, such as 44-2000 [10-12].

The details of the sub-database on line transition parameters are given in Table 2.

3. Details of the updates for individual line parameters in GEISA/IASI-03

The current edition of GEISA/IASI [8] is a significant update of the updates since the first
edition in 1997 [6]. Among the data on the 14 selected molecular species, the data on 8 have been
updated. In part (a) of Table 3, we present an overview of the updated data with the molecules
listed in the first column, the whole extent of the spectral coverage in the second, the spectral
intervals, in which modifications were made in the spectroscopic parameters, in the third column,
and the associated references in the fourth column. In part (b) of Table 3, we list the molecules,
whose data were not updated, in the first column, the extent of the spectral coverage in the second
column, and in the third column, the reference to GEISA-97 [4] where the spectroscopic
parameters can be found.

We provide in the following sub-sections the details of the updated data by identifying the
chemical formulae of the molecular species. A reminder of their GEISA/IASI identification code
number is given as well.

3.1. H,O (molecule 1)

Two different series of updated spectroscopic parameters of H,O are catalogued. They stem
from the measurements by Toth [13] and from the EUMETSAT/RAL archive [14]. Toth’s data
enter into the entire database, while the EUMETSAT/RAL data appear in a supplemental list. A
choice cannot been made as to a final selection until the results of validation campaigns are used
to study the respective accuracies in a detailed manner.

3.1.1. Toth’s H,O archive

The 500-2819cm~! region includes line parameters of water vapour computed using the
measurements by Toth [15-25]. The listing of 10,755 transitions is for isotopologues: HééO, H§7O,
HI*0, HD'®0, HD'70, and HD'®O. These species are coded as 161, 171, 181, 162, 172, and 182,
respectively. The minimum value of the line strength value is set at 2.0 x 10727 cmmolecule™' at
296 K. A detailed description of the compilation is given in part (a) of Table 4 and is divided into
two parts. The left part of the table, related to the new data introduced into the database, lists the
molecule and isotopologue codes in columns 1 and 2, respectively, the vibrational bands in
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Table 1
Fields of the format for GEISA/IASI-03 sub-database on line transition parameters
Field name A B C D E F G 1 1J K L M N (0) P Q
Field length 12 11 6 10 36 4 3 3 1 2 1 10 5 8 3 6
Fortran F12.6 DI114 F64 F104 A36 F42 13 13 Al 12 Il EI03 F54 F86 I3 16
descriptor (F10.6) (D10.3) (F5.3) (F10.3) 43

R A B c F o R N S N T T U U
Fields length 6 10 11 6 4 8 6 5 4 4 8 8 4 4

Fortran descriptor F6.4 F10.6 DI11.4 F64 F42 F8.6 F6.4 F54 F42 F42 F8.6 F86 F42 F42

Fields A-Q previously in GEISA/IASI-97 [6]

A: Wavenumber (cm™!) of the line.

B: Intensity of the line (cmmolecule™!) at 296 K.

C: Lorentzian air collision half-width (HWHM) (cm~!atm~') at 296 K.

D: Energy of the lower transition level (cm™").

E: Transition quantum identifications for the lower and upper states of the transition.
F: Temperature dependence coefficient n of the Lorentzian air collision half-width.
G: Identification code for isotope as in GEISA.

I: Identification code for molecule as in GEISA.

J: Internal GEISA code for the data identification.

K: Molecule number as in HITRAN.

L: Isotope number (1 = most abundant. 2 = second, .. etc.) as in HITRAN [27].

M: Transition probability (in debye?).

N: Self-broadening pressure half-width (HWHM) (cm~! atm™") at 296 K (for water).
O: Air pressure shift of the line transition (cm~!atm™!) at 296 K.

P: Accuracy indices for wavenumber, intensity and half-width.

Q: Indices for lookup of references for wavenumber, intensity and half-width.

Fields R-U' new for GEISA/IASI-03 [8]

R: Temperature dependence coefficient n of the air pressure shift.

A’: Estimated accuracy (cm™') on the line position.

B': Estimated accuracy on the intensity of the line in (cm~!/(molecule cm~2)).

C’: Estimated accuracy on the Lorentzian air collision half-width (HWHM) (cm~' atm™").

F’: Estimated accuracy on the temperature dependence coefficient n of the Lorentzian air collision half-width.
O':Estimated accuracy on the air pressure shift of the line transition (cm~' atm™') at 296 K.

R’: Estimated accuracy on the temperature dependence coefficient n of the air pressure shift.

N’: Estimated accuracy on the self broadened (HWHM) (cm~! atm™!) at 296 K (for water).

S: Temperature dependence coefficient n of the self-broadening half-width (for water).

S’ Estimated accuracy on the temperature dependence coefficient n of the self-broadening half-width (for water).
T: Self pressure shift of the line transition (cm~!atm~!) at 296 K (for water).

T': Estimated accuracy on the self pressure shift of the line transition (cm~!'atm™") at 296 K (for water).

U: Temperature dependence coefficient n of the self-pressure shift (for water).

U’: Estimated accuracy on the temperature dependence coefficient n of the self-pressure shift (for water).



Table 2

GEISA/IASI-03 sub-database on line transition parameters detailed content

Molecule # lines Intensity Alpha® average Isotope # lines Minimum Maximum Minimum Maximum

average (cm~atm™1) code wavenumber wavenumber intensity intensity
(cmmolecule™ h (cm™) (cm™) (cmmolecule™ 1) (cmmolecule™)

H,O 13,278  8.113 x 10722 0.0655 161 5219 599.681 2999.854 9.010 x 10~ 2.990 x 1071

(Toth) 162 4584  604.366 2999.340 1.000 x 10~% 2.510 x 1073
171 1203 599.702 2999.532 1.490 x 10727 1.210 x 1072
181 1659  604.933 3000.882 2.030 x 107 6.050 x 1072
182 438 1173.772 1684.226 2.030 x 107 5.080 x 1072°
172 175 1234.235 1598.765 2.030 x 107 9.320 x 1072

H,O 12,146  8.767 x 10722 0.0665 161 4600 599.671 2999.854 9.010 x 1072 2.920 x 1071

(RAL) 162 4586 607.371 2999.340 1.000 x 10727 2,670 x 10723
171 1198  599.704 2999.532 1.490 x 107 1.120 x 1072
181 1466 606.145 3000.882 2.030 x 10727 6.160 x 107
182 281 1173.772 1607.611 2.060 x 10727 7.940 x 10726
172 15 1234.235 1293.770 2.060 x 10727 5120 x 10777

CO, 50,840 2.165 x 107 0.0711 626 18,811 599.222 2488.222 3.440 x 107 3.530 x 10718
636 7576  599.026 2395.279 1.820 x 10~ 3.750 x 10720
628 12,106 599.007 2826.650 1.390 x 1073 6.840 x 107!
627 7591  599.183 2806.199 1.000 x 1077 1.250 x 107!
638 1833  599.165 2605.481 3.700 x 10727 7.230 x 1073
637 1346 599.008 2314.307 3.710 x 10727 1.360 x 1072
828 994 615974 2350.898 1.760 x 10~ 1.310 x 1073
728 288 626.438 2358.226 3.870 x 1077 2.500 x 10~
838 295 2115.685 2276.481 4.870 x 104 1.760 x 1073

0; 195,102 8814 x 10723 0.0694 666 152,546  599.043 3000.984 9.712 x 1077 4.060 x 1072
668 14,350  599.001 1177.493 9.154 x 10726 7.760 x 1073
686 19,880 605.293 2259.896 9.970 x 1072 7.560 x 1073
667 5515 599.123 820.380 3423 x 1077 5356 x 1072
676 2811  599.382 822.795 3.394 x 107% 5.827 x 1072
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N>O 18,966
CO 3674
CH4 121,281
0, 435
NO 29,608
SO, 22,301
NO, 71,687

HNO; 152,586

OCS 19,768

3.628 x 1072

2.748 x 107

6.891 x 1072

2.191 x 107%

1.562 x 1072

1.566 x 1072!

8.646 x 1072

6.928 x 1072

5.801 x 102!

0.0744

0.0467

0.0498

0.0466

0.0522

0.1132

0.0672

0.1101

0.0898

446
456
546
448
447

26
36
27
28
37
38

211
311
212

66

46
48
56

626
646

646

146

622
624
632
623

13,301
1623
1655
1596

791

1499
1263
229
240
217
226

68,777
22,688
29,816

435

28,230
679
699

22,014
287

71,687

152,586

11,005
3810
2048
1593

599.027
599.826
599.129
599.321
599.420

1523.979
1544.497
1831.283
1797.966
1807.871
1779.750

922.651
998.884
855.753

1366.105

599.089
1601.909
1609.585

599.173
2463.470

599.083

599.003

814.581
813.860
825.716
825.659

2836.125
2595.681
2585.207
2543.215
2560.588

2316.048
2259.947
2278.722
2254.309
2221.114
2196.287

3000.998
3000.999
3000.997

1717.236

3000.718
2038.846
2060.462

2787.861
2496.088

2992.323

1769.982

2962.986
2926.274
2880.701
2930.386

1.280 x 10728
1.220 x 1077
1.210 x 1077
1.230 x 107%
6.180 x 10726

6.840 x 1077°
1.880 x 1079
1.250 x 1073
1.250 x 107%
1.030 x 1073
1.500 x 1073

1.000 x 10777
9.490 x 10~
6.160 x 107%°

1.100 x 1073

1.510 x 10°%
4.190 x 10728
4430 x 10728

5.000 x 1072¢
9.740 x 1072

9.470 x 10720

1.050 x 107%

1.010 x 1077
1.010 x 1077
1.010 x 107
1.020 x 1072

1.000 x 1078
3.670 x 1072
3.600 x 1072
2.050 x 1072
4.150 x 1072

4460 x 107"
4.690 x 107
1.600 x 10722
8.320 x 10722
1.680 x 1072
8.700 x 10~

1.200 x 107"
1.340 x 1072
3.660 x 10723

1.490 x 10728

2.320 x 1072
1.390 x 1072
2.550 x 1072

6.090 x 10720
3.430 x 1072

1.300 x 1071

3.020 x 10720

1.220 x 1078
4.720 x 1072
1.200 x 1072
8.430 x 107!
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Table 2 (continued)

Molecule # lines Intensity Alpha® average Isotope # lines Minimum Maximum Minimum Maximum
average (cm~atm™1) code wavenumber wavenumber intensity intensity
(cmmolecule™ N (cm™) (cm™) (cmmolecule™ ! ) (cm molecule™)
822 955 818.098 2875.829 1.010 x 10723 2.090 x 1072!
634 357 1972.188 2032.039 1.010 x 1072 5240 x 107%
C,H, 2904 1.114 x 10720 0.0701 221 2754  604.774 2254.963 9.490 x 10727 1.190 x 108
231 150 613.536 843.872 3.820 x 1072 1.580 x 10720
N, 120 5.601 x 1072° 0.0419 44 120 1992.628 2625.497 2.190 x 10734 3.420 x 10728

@ Lorentzian air collision half-width at 296 K.

Column 1: Molecular species archived in GEISA/IASI-03.
For each molecular species listed in column 1:

Column 2: Total number of lines.

Column 3: Intensity average (cmmolecule™ at 296 K).
Column 4: Mean half-width at half maximum (cm~' atm™").
Column 5: Isotope identification codes [4].

For each isotope listed in column 5:

Column 6: Number of lines.

Column 7: Transition minimum wavenumber (cm™!).

Column 8: Transition maximum wavenumber (cm™!).
Column 9: Lines minimum intensity (cmmolecule™ at 296 K).

Column 10: Lines maximum intensity (cm molecule™ at 296 K).

L9F—6CF (S00Z) S6 42fsuni aanpipvy P Adoasopdads sayviguong) fo jpumop [ v 1o uossngy-joumbovy ‘N 9¢p
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Table 3

GEISA/IASI-03 sub-database on line transition parameters: overview of content and data sources

(a) Updated molecules

Molecule Spectral intervals (cm™!) Modified spectral intervals Refs.
(em™)
H,O (Toth) 599.681-3000.882 599.681-2819.848 [13,15-25]
H,0 (RAL) 599.670-3000.882 700.032-1299.980 [14]
CO, 599.007-2826.650 599.0070-2826.650 [28-33]
O; 599.001-3000.984 600.1793-1272.422 [34-55]
1311.101-1525.957
1617.059-2536.503
2597.442-3001
N,O 599.027-2836.125 872.399-1243.755 [56-60]
CH,4 855.753-3000.999 922.651-3001 [61-77]
NO 599.089-3000.718 1487.366-2188.448 [78-80]
NO, 599.083-2992.323 2719.056-2992.323 [81-86]
CH, 604.774-2254.963 604.774-2254.963 [87-97]
(b) Non-updated molecules:
Molecule Spectral intervals (cm™!) Ref.
CcO 1523.979-2316.048
0, 1366.105-1717.236
SO, 599.173-2787.861 GEISA 97 [4]
HNO; 599.003-1769.982
OoCS 813.860-2962.986
N, 1992.628-2625.497

column 3. For each band, the number of lines, the minimum and maximum wavenumbers
of the rotational transitions (cm~'), the minimum and maximum values of the line
strengths (cmmolecule_1 at 296K), and the maximum J value, are listed in columns 4-9,
respectively. The total number of updated entries for H,O is given at the bottom of the table.
In addition, the right part of the table gives, in columns 10-15, the total number of lines,
the minimum and maximum wavenumber (cm~!), the minimum and maximum line strength
(in cmmolecule™' at 296K), and the maximum J value for the measured transitions from
which the compiled data were derived. The entire list includes air- and self-broadened half-width
as well as pressure-induced frequency shifts derived from the studies by Toth [21-25]. The
values of the exponent n, which is used to depict the temperature dependence of these para-
meters, taken from the prior versions of GEISA [4,5] and HITRAN [26,27], were inserted
for a handful of individual transitions. For unmeasured transitions, the exponents were
set to values ranging from 0.35 to 0.80 for values of the rotational quantum number J ranging
from 1 to 9.



Table 4

Description of updated H,O content in GEISA/IASI-03 sub-database on line transition parameters

(a) Toth’s update

Total GEISA/IASI-03 Toth’s transitions

Toth’s measured transitions

Molecule Isotope Band?® # Minimum Maximum Minimum Maximum Jmax #  Minimum Maximum Minimum Maximum Jmax
lines

code code lines wavenumber wavenumber intensity intensity wavenumber wavenumber intensity intensity

(em™h) (em™h) (cmmolecule™) (cm molecule™) (em™") (em™h) (cm molecule™") (cm molecule™")
1 161 000 000 483 599.6811 1743.9773  205x 10727 232x 102" 21 307 590.3311 12856899 674 x 102 385x 102" 19
1 161 010 010 120 601.5921 1029.4600 2.09 x 107 2.29 x 1077 18 49 590.6003 851.2487 1.90 x 10720 327 x 107 15
1 161 010 000 1903 701.9643 2819.8482 2.02 x 1077 2.99 x 107" 21 1282 783.2109 2582.6184 6.94 x 107 298 x 1071 20
1 161 020 010 872 877.3133 2628.5776 2.05 x 10727 2.77 x 1072 16 505 995.9774 2276.5521 5.00 x 10727 2.75 x 1072 14
1 161 100 010 532 1221.4101 2611.6646 202 x 10727 390 x 102 14 2551247.8814  2423.0689  6.09x 1072  390x 10°% 12
1 161 001 010 484 1298.1172  2716.1280 208 x 10727 940 x 1072 14 2291298.1172  2571.9108  629x 1077 948 x 102 13
1 161 030 020 382 1122.1609 2698.5661 2.03 x 10727 224 x 1075 11 331293.6548 1841.5484 1.78 x 10726 220 x 1072 6
1 181 000 000 137 604.9330 1107.8835 2.03 x 10727 4.60 x 10724 17 76 595.5295 943.9840 1.57 x 1072 484 x 1074 16
1 181 010 010 6  608.2360 674.0171 2.05 x 10727 7.54 x 10727 12
1 181 010 000 1031 893.5514 23105115  2.03x 102  605x 1072 18  7311009.5539  2219.1683 831 x 1027 6.13x10°2 17
1 181 020 010 303 1203.3157 2014.5525 2.03 x 1077 585 % 107% 12 1671284.7791 1934.9395 3.60 x 1072 6.13x 1075 11
1 181 100 010 63 1807.7875  2248.8805  2.06x 1072  1.05x 10~ 8
1 181 001 010 59 2004.6187  2305.8356  2.07x 1072 1.96 x 10°26 8
1 171 000 000 88  599.7018 976.2445 2.06 x 10727 835x 107% 15 31 598.9986 797.3165 1.21 x 1072 9.07 x 1072 14
1 171 010 000 841 1007.7228 2260.6045 2.03 x 107 121 x 1072 17 6601063.7848 2224.1543 1.81 x 10777 1.12 x 10722 17
1 171 020 010 190 1270.3184 1939.9008  2.06x 1077  1.05x 102 11 1091314.1474 1939.9008 229 x 1027 9.68 x 10°26 9
1 162 000 000 78 604.3662 834.7326 2.02 x 1077 7.10 x 1072 17 56 651.0778 834.7326 191 x 1077 7.02 x 1072 16
1 162 010 000 1710 917.3648 19212779 2.02x 1027 251 x 1072 20 1413 917.3648 1921.2779 148 x 1072 252%x 1072 19
1 162 020 010 435 1145.2243 1695.0543 2.02 x 1077 6.49 x 1072 13 3251155.8371 1695.0543 1.94 x 10777 6.70 x 10726 13
1 162 100 010 33 1230.7725 1574.1042 2.02 x 107 3.92 x 107 7 241230.7725 1574.1042 1.88 x 10777 3.81 x 107 6
1 182 010 000 438 1173.7720 1684.2263  2.03x 10727 5.08x 102 13 4101173.7720 1684.2263 195%x 102 516x10°2% 13
1 172 010 000 175 1234.2347 1598.7655 2.03 x 10727 932 x 1077 10 1371234.2347 1598.7655 1.81 x 1077 9.20 x 10727 10

Total number of updated lines: 10,363
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(b) RAL update

Total GEISA/IASI-03 RAL Transitions

Molecule Isotope Band* # lines Minimum Maximum Minimum intensity Maximum intensity Jmax
code code wavenumber wavenumber (cm molecule™") (cm molecule™")

(cm™") (cm™1)
1 161 001 020 40 700.0318 913.0041 1.10 x 1077 4.92 x 1072 11
1 162 000 000 42 700.5583 834.7326 2.02 x 1077 1.96 x 1072 16
1 181 000 000 90 701.6535 1107.8835 2.03 x 107%7 1.16 x 107 17
1 161 010 000 381 701.9643 1299.7075 1.03 x 1077 1.91 x 1072 20
1 171 000 000 49 702.2621 976.2445 2.18 x 1077 2.09 x 1073 15
1 161 000 000 346 703.3173 1299.2984 1.07 x 10777 5.67 x 1072 20
1 161 100 020 4 707.4805 829.0096 1.46 x 1077 2.03 x 1077 7
1 161 010 010 103 708.2294 1133.9751 1.00 x 10727 411 x 1075 17
1 161 020 010 161 819.7765 1299.7354 1.01 x 1077 7.83 x 1072 17
1 181 010 000 130 893.5514 1298.1596 2.03 x 1077 3.84 x 1074 17
1 162 010 000 514 917.3648 1299.9799 2.02 x 107 1.38 x 1073 18
1 171 010 000 80 1007.7228 1294.7188 2.05x 10°%7 7.18 x 10725 15
1 161 030 020 34 1122.1609 1299.0650 211 x 1077 3.00 x 10726 13
1 162 020 010 125 1145.2243 1299.3177 2.05 x 107 341 x 10720 11
1 182 010 000 81 1173.7720 1299.8655 2.06 x 10727 2.78 x 10726 11
1 181 020 010 15 1203.3157 1293.6796 2.09 x 1077 1.80 x 10720 8
1 161 100 010 5 1221.4100 1292.0303 3.40 x 1077 8.69 x 1072° 10
1 162 100 010 13 1230.7725 1289.1217 2.08 x 10727 3.61 x 10727 6
1 172 010 000 15 1234.2348 1293.7703 2.06 x 10727 5.12 % 10727 8
1 171 020 010 3 1270.3185 1290.5311 227 %1077 324 x 107 7
1 161 001 010 1 1298.1170 1298.1170 1.11 x 1075 1.11 x 107% 7

Total number of updated lines: 2232

4Upper level of the transition to the left and lower level to the right parts of the column.
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3.1.2. EUMETSAT/RAL archive

In the framework of the EUMETSAT contract entitled, “Support Study on Water Vapour
for IASI’ [14], infrared line parameters of water vapour, with the associated uncertainties
in their values, have been determined in the 700-1300cm™' spectral region from ten air-
broadened, high-resolution, long-path, variable-temperature experimental transmittance spectra
recorded at the molecular spectroscopy facility of RAL as part of the VIRTEM® project.
Individual empirical values of line positions (cm™!), air-pressure shifts (cm~'atm™'), inten-
sities (cmmolecule™! at 296 K), and air-broadened widths (cm~'atm™') have been determined
using standard, well-established computer-based non-linear least-squares techniques in which
line-by-line spectra are calculated, compared with the observed spectra, and the line parameter
values adjusted iteratively until the required degree of iteration of the fit is achieved. These
experimental data have been fitted tothe most recent theoretical models (L Coudert, J-M
Hartman and J-M Flaud, private communication). A list of line positions, line intensities and line
widths has been generated. Uncertainties have been evaluated from a combination of the
experimental errors, statistical errors in the line-fitting routine, and the standard deviation of
values determined from different transmittance spectra and merged together. The ability of the
final linelist (referred to as EUMETSAT/RAL) to simulate the observed spectra has been tested,
and any related problems have been identified and resolved. The content of the EUMETSAT/
RAL H,O archive is given in part (b) of Table 4, following the same presentation as part (a), in
columns 1-9.

3.2. CO, (molecule 2)

Previously catalogued parameters of spectral lines belonging to the four most abundant
isotopologues, '2C'%0,, 13C'%0,, 1°0"?C!'0 and '°0'>C!70, have been updated with 44,748 new
entries covering the 599.007-2826.650 cm™! spectral range. The line positions and line intensities
of these transitions were calculated by Tashkun et al. [28-31] using the theory of effective
operators developed for linear molecules by Teffo et al. [32,33].

The updating of the database includes several stages. Firstly, phenomenological models
of effective Hamiltonian and effective dipole moment operators are built. Then the para-
meters of these models are fitted to the observed data (line positions, line intensities,
correspondingly). Finally, a dedicated version of the database is generated from the fitted
parameters by calculation of all possible lines, which have intensities above the given cut-off at the
reference temperature.

The phenomenological model of an effective Hamiltonian (H®") is a linear combination of all
symmetry allowed elementary rovibrational operators written up to a given order of the
perturbation theory. The numerical coefficients of the combination are considered as adjustable
parameters. The optimal values of the parameters are determined from a fitting of the model to a
set of observed line positions. The model enables one to perform rotational and vibrational
extrapolations, but it does not provide isotopic extrapolation. Each species has a specific H°". The
effective Hamiltonian has been developed using the assumption of polyad structure of the
vibrational energy levels, which arises due to the approximate relations between harmonic

*Validation of IASI Radiative Transfer: Experiments and Modelling EC contract Number ENV4-CT-0738.
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frequencies of the molecule:
w; ~ 2wy, w3~ 3w,.

Each polyad is made up of the vibrational base states, whose respective quantum numbers fulfill
the relation:

P=2V+V,y+3V;3,

where V', V>, and V3 denote normal modes of vibration. Thus, the polyads can be labeled with
the value of the integer P, which can be considered as the quantum number identifying the polyad.
The other good quantum numbers are the rotational quantum number J, and the parity of the
level is designated by the symbol C, which is 1 or 2. It corresponds to the usual e or f labels,
respectively. Inside a P, J, C block, the only way to unambiguously assign the ro-vibrational
energy levels is to use their ranking index N, starting from the lowest. Up to now, this approach
was successfully applied to '2C'%0,, 13C!°0,, °0'2C'*0 and *0"C!" 0 isotopologues of CO-.
More details of the effective Hamiltonian are given in Tashkun et al. [28].

For each transition listed in the database, the P, C, N numbers of the upper and lower levels
have been added between the general vibrational index and the line identifier. Except for very few
high-energy levels affected by strong I-type interactions, there is a one to one correspondence
between the P, C, N labelling and the usual (V'1, V5, [, V3, r) labelling currently used for CO; in
GEISA and HITRAN.

The model of the effective dipole moment operator is based on the same principles as the model
of the effective Hamiltonian. Details of the effective dipole moment operator can be found in
Tashkun et al. [29], where this model has been applied to global fittings of observed line intensities
of 12C'*0Q,. The model uses a serial approach. All bands are divided into series, which do not cross
over. Each series is determined by the value of AP = P’ — P, where, P’ and P are the quantum
numbers of the upper and lower states, respectively, of the polyads. Each series has its own set of
parameters of the effective dipole moment, which can be fitted to the corresponding observed data
separately.

It is worth noting that 12,833 lines, which are absent in the previous version of the database,
have been added. The air- and self-broadened half-widths, the coefficients of temperature
dependence of these parameters, and air-induced pressure shifts of these transitions were taken
from Refs. [26,27].

Confidence intervals of 3sigma are assumed for calculated accuracies of line positions and
intensities.

3.3. O3 (molecule 3)

The updates reported here are in five spectral regions.

3.3.1. Spectral region 600—1232 cm™!

Retrieval of spectral line parameters from measurements: In the temperature range 200-300 K, a
total of 16 spectra of ozone, and of ozone—nitrogen and ozone—oxygen mixtures, with the partial
pressures of ozone ranging from 0.2 to 9hPa, and the pressures of the broadening gases ranging
from 20 to 55 hPa, were recorded at DLR with a high-resolution FTS [34]. The measurements are
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on the lines of the three fundamental bands, which are situated in the 600-1232cm~! spectral
region. Special attention was paid to avoid, as well as to assess, the various sources of systematic
errors, which can stem from inhomogeneity in the temperature at which the measurement was
reported, distortion of the observed spectra by instrumental line shape that was inherent, non-
linearity in the signal sensed by detector used, and the chemical decomposition of the molecule
itself during the course of the measurement. The spectra were analysed by employing the FITMAS
code [34], which uses fully analytical Jacobians and allows to select line parameters to be fitted
individually for each line. More details concerning the experimental and data reduction
procedures are given by Wagner et al. [35].

Line positions: The line positions were fitted with a model [36], in which the various resonances
affecting the ozone energy levels were taken into account. An improvement was achieved for the
Hamiltonian constants (vibrational energies, rotational, centrifugal distorsion and coupling
constants) in the (100), (010), (001), (110), and (01 1) states of '°O3 using a fitting routine that
combined the new data with existing infrared and microwave data. Constants for the states (02 0),
(120), (021), (200), (101), (002) of 1905, as well as for the (100) and (00 1) of '°O'¥0'°0 and
160160180, were taken from Refs. [37-39] and the references contained therein.

Line intensities: Vibrational transition moments together with their rotational corrections were
determined by fitting the measured intensities of the fundamental bands of 'O, whereas the
harmonic approximation was used for the Aot bands, 2v, — vy, 2vi — vy, 2v3 — v3, Vo + v3 — vy,
Vi + vy — vy, Vi +v3 — vy, and 2v, + v; — 2v,. In the case of the two bands, 2v; — v3 and 2v, +
v3 — 2v,, only the vibrational transition moments could be determined. For the isotopomers
1608090 and '°0'°0'*0, however, the transition moments need to be improved. Finally, new
line positions and line strengths were generated [35] for lines with J <90, K, <30 and the line
strength >10">° cm molecule™" at 296 K.

Air-broadened half-widths of spectral lines: The measured half-width of a so-called Lorentz line
representing a given transition is entered into a least-squares-fitting routine to yield a set of air-
broadened half-widths and a set of values of the exponent, n, in terms of which the variation of the
half-width upon temperature is expressed. In this way, 500, 400, 1100 air-broadened half-widths
and 250, 200, 500 temperature exponents were obtained for the v, v,, v3 bands, respectively, for
nitrogen and oxygen broadening. To improve the statistical uncertainty and to get interpolated
values for lines for which measurements were not possible due to insufficient signal-to-noise ratio
or blending, the measured broadening parameters were fitted to polynomials in the quantum
number m (J” for P and Q branches, J” + 1 for R branches). Data for sub-bands were fitted
together whenever no systematic difference between their parameters could be observed, thus
further improving statistical uncertainty. The same was done for P- and R-branch lines and for v,
and v, which have the same selection rules (B-type bands). Temperature exponents were treated in
a similar way. The fitted polynomial coefficients were then used to calculate pressure-broadening
parameters and temperature exponents within a meaningful range of m values. The air-
broadening parameters were finally calculated as weighted averages of the nitrogen- and oxygen-
broadening parameters. More details can be found in Ref. [35].

The list includes not only the three fundamental bands of '°Oj; but also lines of '*0'"*0'°0 and
1601080, which are observable at high spectral resolution in the v region over long atmospheric
paths. It provides one with better line positions. As far as the line intensities are concerned, the
average ratios of the new integrated intensities for the v, v; and v3 bands of '°O3, when compared
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to the previous values (see Refs. [4,40]), are 0.978, 0.965 and 0.973, respectively. These results
are consistent with the conclusions of a recent paper [41], which compared the measurements
of different groups [35,42-44], and derived ratios of 0.958 and 0.966 for the v; and v;
bands, respectively. As a consequence, intensities of other bands in the 10 um region, as well
as of all lines in the shorter wavelength regions currently in GEISA/IASI, have been reduced
by a similar scale factor of about 1.04, to maintain consistency throughout the infrared
spectral region in the database. Also, it is worth noticing that the air-broadening parameters
and temperature exponents for the main isotopomer fundamental bands were replaced by the
polynomial values determined within the meaningful range of m values; all other parameters
were left unchanged.

3.3.2. Spectral region 1300-1500 cm™" (*05)

The main bands observable in this region correspond to 2v, with its associated hot band
3v, — vy, as well as the difference band v; + v3 — v,. This region was analysed from ATMOS [45]
stratospheric solar occultation spectra recorded during the Spacelab 3 mission [46], leading to
assignments up to J = 37 and K, = 8 for the 2v, band.

Barbe et al. [47], at GSMA, analysed this spectral range using laboratory FTS spectra with a
long absorption path, recorded with a signal-to-noise ratio of 500. The J and K, observed
transitions increase to 57 and 16, respectively, leading obviously to improvements of the
Hamiltonian parameters: 76.5% of the levels are now reproduced with an accuracy better than
0.6 x 1072 cm~". A fit of 268 line intensities provides three transition moment parameters, and a
complete calculation for 2v, is performed up to J =65 K, =20, with a cut-off of 2 x
1072 cm molecule™! at 296 K. In addition, the weak hot band 3v, — v, has been observed [47],
leading to the Hamiltonian parameter of the (030) state. For that band, 17 measured line
intensities have been fitted, using two statistically defined transition moment parameters. These
two sets of parameters (Hamiltonian and transition moment) provide full calculation of the
3v, — v, hot band for J<53 and K,<12. The integrated band intensity is Sy (3v, —vy) =
2.9 x 107> cmmolecule™" at 296 K, with a cut-off of 3 x 1072° cm molecule ™.

The two difference bands in this region, v; + v3 — v, and 2v3 — v,, have been observed also from
laboratory spectra [48]. The dipole moment parameters have been derived from the experimental
line intensities of these bands. A final list of transitions has been generated with an intensity cut-
off of 2 x 107 cm molecule™" at 296 K. The integrated band intensities are Sy(v; + v3 — v5) =
9.7 x 107?? and Sy(2vy —vy) = 1.1 x 1072 cm molecule ™" at 296 K, for the v; + v3 — v, and 2v; —
v, bands, respectively.

The complete calculation of all this spectral range is included in the S&MPO database (see
related web sites at: http://ozone.univ-reims.fr and http://ozone.iao.ru and references therein).

3.3.3. Spectral range 1820-2260 cm™' (**0'80'°0)

A total of 1456 transitions of the 2vs, v; 4+ v3, and 2v; interacting bands of the 16018010 0zone
isotopomer have been observed recently by De Backer-Barilly et al. [49], with the same FT'S as in
the above 1300-1500cm™~" spectral region. Lines of the 2v3 and 2v; bands are first observations.
The analysis leads to the determination of the Hamiltonian parameters for the three upper states,
those of the ground state being fixed [50]. The r.m.s. deviation of the line position fit is 0.77 x
103 cm~!. Transition moment parameters for the three bands are determined from measured
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relative intensities and allow to calculate a full line list (14,698 entries), performed with an
intensity cut-off of 3 x 10726 cmmolecule’l, up to Jmax = 65, K, max =20 and a partition
function Z (296 K) = 3599.

3.3.4. Spectral range 2600-2900 cm=" (' 05)

This region, which contains the “triad 17, v, 4+ 2v3, vi + v, +v3 and 2v; + v,, has been
reinvestigated recently by Mikhailenko et al. [51] by introducing new rovibrational resonances.
They studied the resonance between the nine interacting states, (012), (111), (040), (210),
(003),(102),(210), (130) and (300). A total of 4520 energy levels were derived from observed
transitions, and a suitable model had led to the reproduction of 3492, i.e., 77.3% of the total
number, of levels with an uncertainty that was less than 0.7 x 10> cm™! (see S&MPO database
web sites and Ref. [51] for details).

The intensities of 2580 lines in seven of the strongest bands have led to transition moments with
an r.m.s of 6.9% on the fitting of the intensities. Derived Hamiltonian and transition moment
parameters allow a complete calculation for these bands, with an intensity cut-off of 2 x
1072 cm molecule ™!, and the partition function Z equal to 3473 at 296 K. The seven integrated
intensities are given in column 4 of Table 5, where the J .y and K, max reported in columns 2 and
3 are the maximum values of rotational quantum numbers corresponding to the calculation in
each of the bands listed in column 1.

3.3.5. Hot bands of '°0s. spectral range 1615-2540 cm™"

Twenty hot bands in the 16152540 cm™! region, corresponding to transitions from the lower,
(010),(001) and (100), states to the upper, (012), (111),(210),(003),(102),(201), (130) and
(300), states have been included using the known parameters for upper [51] and lower states
[51,52] and known transition moment parameters [53-55]. They also appear in the S&MPO
database. The band intensities and spectral regions of these bands are given in Table 6. The
assignment of the bands, the corresponding spectral region, and the band intensity are listed in
columns 1-3, respectively.

Table 5

Intensities of the seven ozone strongest bands in the spectral range 2600-3400 cm ™!

Band J max K max Band intensity
(cmmolecule™!
at 296 K)

V2 +2v; 72 19 3.29 x 1072

vi+v2 s 67 23 2.51 x 1072

2vi+vy 68 21 8.12 x 1072

3v; 70 23 1.41 x 1077

vit2vs 69 21 1.28 x 1072

201 + 3 63 23 791 x 107!

3 60 16 4.72 x 1072




N. Jacquinet-Husson et al. | Journal of Quantitative Spectroscopy & Radiative Transfer 95 (2005) 429467 445

Table 6
Intensities of ozone hot bands corresponding to (012), (111) (210), (003), (102), (201), (130), (300) upper states
and (010), (001), (100) lower states

Band Spectral region Band intensity (x1072")
(cm™) (cmmolecule™! at 296 K)
V1 +V2+V3 — V1 1617-1706 0.266
vy +2v3 — v3 1619-1824 0.641
vitva+v3—v3 1629-1846 0.125
vy +2v3 — vy 16421706 0.003
2vi+vy — vy 1707-1952 0.192
2vi+vy —v3 1796-2063 0.011
vy — vy 1851-2094 1.177
v+ 2v3 — vy 1871-2069 0.408
3v3 — 3 1876-2096 1.306
vy +2v3 — vy 1882-2118 3.078
2vi+vy — v 1889-2186 10.992
vi+2vs —v3 1933-2082 15.794
Vi+ Vv 4+vy—w 1994-2110 43.057
2v) + v — 3 2005-2290 0.306
3v; — vy 2021-2287 0.467
2V1 +vy— 2051-2282 0.830
3y — s 2077-2310 0.915
3v3 — 2258-2360 1.196
v+ 2v3 — v 2273-2400 0.037
vi+3v; — v 2444-2537 0.013

3.4. N,O (molecule 4)

The main contribution to the previous content of GEISA/IASI related to 14Nééo was by Toth
[56-58]. All of the available data reported by Toth data were processed using ‘“‘the method of
effective operator” that was previously applied to CO, for the fitting of line positions and line
intensities. While the fitting of the line position data of Toth’s was found to be satisfactory, some
disagreement between calculated and measured band intensities was noted by Lyulin et al. [59]. It
is concerned mainly regarding the intensities of the two laser bands, (0001-1000) and (0001-0200),
which are centered at 939 and 1056 cm™!, respectively. On the other hand, a comparison of Toth’s
data with the entries in both the HITRAN and GEISA databases exhibits a disagreement only in
the case of the (0220-0000) forbidden band.

In order to resolve these issues, new and accurate measurements of line intensities were
performed using FTS facilities at GSMA and LPM A, and an effective dipole moment was derived
using all of the available experimental data on the line intensities in the 10 um region [60]. While
the agreement with Toth’s data of the newly measured and calculated line intensities was found to
be good, especially in the (0220-0000) band, discrepancies were found to persist still in the
(0001-1000) band.

From the above analysis, it turned out that the line intensities in the (0001-1000) and
(0220-0000) bands of 14NééO appearing in GEISA/IASI had to be corrected. They have been
replaced with the corresponding calculated values obtained from Ref. [60].
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Finally, the data on the intensities of 279 lines in the spectral region 8701240 cm~! were revised
in the two bands, v3 — v; and v — 2v,, of 14Né60, as the intensities of these lines that were listed
before were dubious. In addition, we have removed 118 duplicated lines in the spectral interval
564-629cm~!.

3.5. CH4 and CH3D (molecule 6)

The global database from 0.01 to 6184.5cm~' on CHy and its isotopologue, CH3D, has
been revised in 2001, and the full details about this revision are given by Brown et al. [61].
An extraction of the set of data in the 599-3001cm™' region from this global database has
been included in GEISA/IASI-03. Line intensities of the three isotopologues have been
scaled according to their natural abundances: 0.988 of '2CHy, 0.0111 of '*CH,4 and 0.000616
of >CH;D.

In the 900-2000cm~! region, the line positions and line intensities in the two lowest-lying
fundamental bands, v4 at 1310cm™! and v, at 1533cm™!, were replaced by data obtained using
new calculations that were based on the successful modelling of high-resolution laboratory data
on '?CHy4 and *CHjy reported by Champion et al. [62], Brown et al. [63] and Ouardi et al. [64].
Predictions of intensities and some empirical positions [64] were also included. The parameters in
three CH;D fundamentals, v¢ around 1161 cm™', v5 around 1307 cm~! and vs around 1472cm™',
were also replaced with data based on new and better calculations by Nikitin et al. [65-68] and
Brown et al. [69]. The line parameters, previously appearing in the database, in the bands, vy, vs,
2v4, 2v5, and vy 4+ v4, of ?CHy and '*CHy4 located in the spectral region between 2000 and
3001 cm™!, and in the three fundamentals v,, v;, and vs4, in the three combination bands,v; + vg,
v3 +vs, and vs + vg, and in the three overtone bands, 2vs, 2v3, and 2vs, of >CH;3;D were also
replaced with new calculations that were based on successful models [70-73] of new
measurements. In the case of the hot bands of '>CHy, results from Ref. [74] were also included.

The rovibrational transitions of CHy are identified using J, C, o, where J is the rotational
quantum number, C the symmetry species and « is an index identifying, in increasing order, the
levels of increasing energy within the levels with the same value of C. The format in the database
had to be altered in order to accommodate the increased range of o from two to three digits.

Experimental data on air-broadened half-widths, (air-) pressure-induced frequency shifts and
self-broadened half-widths were inserted for up to 4% transitions of CHy and CH;D [61]. The
accuracy in the measured widths is estimated to be 95-98% or better. When experimental data
were unavailable, the values of the half-widths estimated in Refs. [67,71] for the lines of '>’CH, and
3CH4 were employed for most of the transitions. The uncertainties in the estimated values from
Refs. [67,71] are about 20%. The value 0.75 adapted for n, the exponent used to describe the
temperature dependence of the air-broadened widths of all of the lines previously, was replaced by
averaged empirical values from Refs. [76,77] for each value of m, where m is J in the P and Q
branches and upper state J 4+ 1 in the R branch. While the values of n now exhibit a slight
variation with m, the accuracies of these estimates are, perhaps, not better than 55-75%. The
following purely empirical expressions were derived as functions of the line position v; in order to
gauge the variation of the (air-) pressure-induced shift with vibrational quanta:

8% = —0.0020;/1300 for 900—2000 cm ™!

air
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and

521r = —0.0060;/3000 for 2000—3001 cm™".
It should be recognized that the values of the line shift computed using these strictly empirical
expressions, which have no proven foundation, could be erroneous by as much as a factor of two
for some transitions.

In the case of lines for which experimental data were unavailable, the values of the air-
broadened and self-broadened half-widths of the lines of CH3;D derived using the empirical
expressions presented in Ref. [61] were introduced into the database. For most transitions, the

expressions used were:

Yair = 0.0677 — 5.681 x 10> m — 8.397 x 107> k2,

Vearr = 0.0869 — 6.41 x 1075 m — 6.56 x 1075 k2,

where m is as described above. k is the quantum number K in the lower energy level for transitions
with AK = —1 and 0, and the K of the upper level for transitions with AK = +1. Different
expressions were required for transitions with J” = K”, the PP, 2Q, RR lines. They are

Vair = 0.06863 — 3.762 x 10~ m 4 7.044 x 1077 m?
and
Yeerr = 0.0875 —3.46 x 104 m +4.94 x 107" m?.

Although the measured data on the air-broadened and self-broadened half-widths of the lines of
CH3;D were reported to have an uncertainty that does not exceed 3%, those data could be
reproduced by the empirical expressions within an uncertainty of 6-7% only. In the case of all of
the unmeasured transitions of CH3D, 67, has taken to be equal to —0.00250;/1300, and the
temperature dependence of the air-broadened widths was set to be determined by a constant
value, 0.75, of the exponent .

Further improvements are not contemplated to be introduced into the next update of this
database for the lines of methane in the 900-3000cm™! spectral region, but a number of new
measurements and theoretical studies are definitely needed. The needs that are apparent are as
follows. We need a better characterization of the “hot” bands in the 3.3 um region, a more
thorough measurement of the air-broadened and self-broadened half-widths of weaker transitions
around 8 um, including values of #n, line-mixing studies in the fundamental bands, and, most
importantly, theoretical models that can reproduce the existing measured half-widths of the lines
of 2CH4 and '>CH3D with better accuracy.

3.6. NO (molecule 8)

The air-broadened half-widths and the (air-) pressure-induced shifts of lines in the
1487-2188 cm™' spectral region have been updated using the data from [78-80].
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3.7. NO, (molecule 10)

In 1999, a new line list was set up in the spectral region of the v; 4+ v3, vi + 2v,, and v; + v, +
v; — v, bands of ¥N'°0,. Line positions and intensities are from Ref. [81]. Air-broadened half-
widths were calculated by using an empirical polynomial of the rotational quantum number N of
the lower energy level of the transition. It was derived by fitting it to a wide-ranging set of data on
nitrogen-broadened and oxygen-broadened half-widths measured by Dana et al. [82]. The same
expansion was used for the three bands under the assumption that there is no dependence on
vibrational quantum numbers. The exponent # in the expression for the temperature dependence
of the air-broadened half-widths was taken from experimental studies [83—85]. Refs. [83,84] deal
with nitrogen-broadened half-widths of lines in the v; band, while Ref. [85] deals with air-
broadened half-widths of a few lines in the v3 band. A mean value n = 1 was then fixed for all lines
for the lack of a well-defined value for each of the lines. As data on (air-) pressure-induced line
shifts were unavailable, a zero was assigned to that parameter in all of the entries. Self-broadened
half-widths of all of the lines have been fixed to be the average value of 0.095cm~" atm~! at 296 K,
which was derived from the experimental results of Perrin et al. [86]. This means, of course, that
any dependence of this parameter on vibrational quantum numbers has been ignored.

3.8. CrH> (molecule 24)

The update of the spectral line parameters of acetylene is in the 5-, 7.5- and 13.7-um spectral
regions. It is derived from Refs. [87-91].

The levels are designated as (vq, v, v3, U4, s, £ = 1, With € = |€4 + {5]), where v, and ¢, are the usual
vibrational quantum numbers, + being the symmetry type for X vibrational states, and r a roman
numeral (or the corresponding digit in the files), indicating the rank of the level, by decreasing energy
value (r = I for the highest energy level), inside the set of states having the same vibrational symmetry,
and coupled by ¢-type resonances. When the two last indications are unnecessary, they are replaced by
underscores (“_"). These notations are illustrated in Table 7. In the first column, the usual
comprehensive notation of the vibrational levels is given. The second column contains a more rigorous
full spectroscopic notation of these levels. The third column gives the code adopted in GEISA/IASI-03.

We have revised the database on the lines in the 13.6 um region using the latest measurement of
the line intensities [87,88]. The main improvement is in the line intensities and transition dipole
moment of '2C,H,. The data on '2C'*CH, have not been revised.

In the 7.5pum (1248-1415cm') region, the data are on the lines of the (v4 + vs)g combination
band. Line positions, intensities (including the square of the transition dipole moment), and lower
level energies have been updated by drawing upon Ref. [91]. The notable difference between the
revised and the previous line intensities is recognition of significant Herman—Wallis factors, which
were interpreted to be due to /-type resonance and Coriolis coupling affecting the upper level of
the transition. The calculated line intensities included in the database are also from Ref. [91]. The
improvement achieved in including the Herman—Wallis factors ranges from +4.5% for the P(17)
line to —19% for the R(35) line. The accuracy of the line intensities was estimated to be 2% in
Ref. [91]. Line positions and lower level energies were calculated using the model of Kabbadj et al.
[92] and the constants listed in Table 3 of that work. The uncertainty in the wavenumbers of the
transitions is slightly better than 10~*cm~'. The other parameters have not been changed.
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Table 7

List of C,H, vibrational levels

Level Notation Code
Ground state 000000 + _ 1
vl 000011__ 2
V3 001000+ _ 3
V2 + (v4 + v5)], 010110+ _ 4
v) 000101__ 5
(v + v5)° 000110—_ 6
(va +v5)) 000110+ _ 7
(va + vs)? 000112__ 8
2v‘5’ 000020+ _ 9
2v? 000022__ 10
3} 000031__ 11
(2v4 + v5)'1I 000211_2 12
(2v4 + v5)'T 000211_1 13
(3vs +vs)), 000310+ _ 14
Gva +v5)° 000310—_ 15
(Bvs + vs)’11 000312 2 16
(Gvs + vS)ZI 000312_1 17
vy + vk 010011__ 18
(v4 + 3‘)5)3_ 000130+ _ 19
(v4 + 3vs)° 000130—_ 20
(va + 3v5)211 000132_2 21
(va + 3v5)°1 000132_1 22
Vo + vy 010101__ 23
(Qvs + 2VS)9r I 000220+ 2 24
(2vs + 2v5)° 000220—_ 25
(2v4 + 2v5)211 000222 2 26
4v‘5’ 000040+ _ 27
4?2 000042__ 28

A line list has been introduced on the lines of '>’C,H, in the 5 pm region. The source of these
data is Refs. [89,90]. Air-broadened half-widths are from [93-95,97]. The paper by Babay et al.
[96] is the source for the air-induced line shifts. Ref. [97] is the source for the information on the
temperature dependence of the air-broadened half-widths.

4. Summary of the updates for individual line parameters in GEISA/IASI-03
A general summary of the updates per molecule, as presented in Section 3, is given in Table 8.

Fig. 1 details the line coverage and the evolution of GEISA/IASI content since 1997, for each of
the eight updated molecular species as shown in panels (a) to (i) (two panels for H,O). On the left
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Table 8
Summary of new data in GEISA/IASI-03 sub-database on line transition parameters
Molecule # lines  Intensity average  Alpha® average Isotope # lines  Minimum Maximum Minimum Maximum
(cm molecule™") (cm~'atm™") wavenumber ~ wavenumber  intensity intensity
(em™) (ecm™!) (cmmolecule™)  (cmmolecule™)
H,0 10,363 1.04 x 102! 0.065 161 4776 599.681 2819.848 2.02 x 10727 2.99 x 107"
(Toth) 181 1,599 604.933 2310.511 2,02 x 10777 6.05 x 1072
171 1,119 599.702 2260.604 2.02 x 10727 1.21 x 1072
162 2256 604.366 1921.278 2.02 x 10727 251 x 1073
182 438 1173.772 1684.226 2.02 x 10727 5.08 x 10726
172 175 1234.235 1598.765 202 x 10727 9.32 x 1077
H,0 2232 790 x 10724 0.057 161 1,075 700.032 1299.735 1.00 x 10727 1.91 x 107!
(RAL) 181 235 701.653 1298.160 2.03 x 10777 384 x 107
171 132 702.262 1294.719 2.05x 10727 7.18 x 1073
162 694 700.558 1299.980 2.02 x 10727 138 x 10723
182 81 1173.772 1299.865 2.06 x 10727 2.78 x 1072
172 15 1234.235 1293.770 2.06 x 1077 5.12 x 10777
CO, 44,748 246 x 1072 0.071 627 7,579 599.183 2806.199 1.00 x 1027 1.25 x 102!
626 18,038  599.222 2488.222 1.00 x 10727 3.53 x 10718
636 7,265  599.026 2395.279 1.00 x 1027 3.75 x 1072
628 11,866 599.007 2826.650 1.00 x 1027 6.84 x 107!
03 142,591 1.10 x 10722 0.069 666 109,307  600.179 3000.971 2.98 x 10726 4.06 x 10720
668 13,728 640.037 1177.493 9.68 x 10726 7.76 x 1072
686 19,556 640.141 2259.896 9.97 x 1072 7.56 x 10723
N,O 279 1.05 x 102 0.073 446 279 872.399 1243.755 1.28 x 1028 373 x 1073
CH, 121,281 6.89 x 10723 0.050 211 68,777  922.651 3000.998 1.00 x 1027 1.20 x 107
311 22,688 998.884 3000.999 9.49 x 10728 1.34 x 107!
212 29,816 855.753 3000.997 6.16 x 1072 3.66 x 1072
NO 9610 478 x 10722 0.050 46 9,610  1,487.366 2188.447 1.110 x 107% 2.32x 107
NO, 9110 323 x 1072 0.069 646 9,110  2719.056 2992.323 9.92 x 10726 6.64 x 107!
CH, 2904 111 x 10720 0.070 221 2,754 604.774 2254.963 9.49 x 10727 1.19 x 10718
231 150 613.536 843.872 3.82 x 10720 1.58 x 10720

4 Lorentzian air collision half-width at 296 K.
Column 1: Molecular species archived in GEISA/IASI-03.
For each molecular species listed in column 1:

Column 2: Total number of lines.

Column 3: Intensity average (cm molecule™' at 296 K).
Column 4: Mean half-width at half maximum (cm™").
Column 5: Isotope identification codes [4].

For each isotope listed in column 5:

Column 6: Number of lines.

Column 7: Transition minimum wavenumber (cm™").

Column 8: Transition maximum wavenumber (cm ™).
Column 9: Lines minimum intensity (cm molecule™ at 296 K).

Column 10: Lines maximum intensity (cm molecule™ at 296 K).
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Fig. 1. Updates and additions in GEISA/IASI-03 individual line parameters sub-database. Evolution of the database
content since 1997.
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side of a panel, the logarithm of the intensities of the updated or added lines, averaged over

10cm™!

intervals, are plotted versus the GEISA/IASI spectral range (from 599 to 3001 cm™!). The

associated histogram, on the right side of a panel, gives the total number of lines and illustrates
the evolution of the individual line content in the database since 1997. The lines have been sorted
into three categories, i.e.: kept identical, updated, added, in GEISA/IASI-03.
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Fig. 2. Update impacts in GEISA/IASI-03 individual line parameters sub-database: line content (left-hand Y-axis) and
line intensities (right- hand Y-axis).
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[llustrations of the impact of the updates of GEISA/IASI-97, through 2001-2003, in terms of
database total line content per molecule and differences in % line intensities, are presented in the
series of plots of Fig. 2. These plots, labelled from (a) to (d), are related respectively to: H,O
(Toth’s update in panel (a) and EUMETSAT/RAL update in panel (b)), CO; (panel (c)) and O;
(panel (d)). The same 10cm™! average as in Fig. 1 has been applied to the values of the line
numbers (left) and of the percent intensities (right-hand Y-axis), expanded from 599 to 3001 cm™!
on the X-axis. The spectral lines intensity differences, in percent, have been evaluated with the
formula:

(Io3 — I97)/I97 x 100.

Iy and Iy; identify the spectral lines intensity values in GEISA/IASI-03 and in GEISA/IASI-97,
respectively.

Default values have been chosen for missing data values, i.e.: —1.0cm™! for the energy of the
lower transition level and —0.9999 cm~! atm~! at 296 K for the Lorentzian collision half-width.

5. The GEISA/IASI-03 sub-database on infrared absorption cross-sections

For the analysis of atmospheric spectra to be recorded by the /A4S instrument, broadband
absorption features associated with infrared absorption of heavy molecules, such as CFCs and
substitutes, have to be taken into account.

For these heavy molecules, the spectral lines cannot be resolved by the measurements and hence
their spectroscopy has to be characterized in terms of absorption cross-sections. Compiling
reference absorption cross-sections corresponding to a wide range of pressure and temperature
conditions is essential for performing accurate radiative transfer calculations.

The GEISA/IASI-03 absorption cross-sections sub-database contains 6,572,329 entries related
to six molecules, i.e.: CFC-11, CFC-12, CFC-14, HCFC-22, N,Os and CCly (newly archived).

As in the previous editions of the database [4,7], the archived absorption cross-sections are
determined through the following expression:

_ In[lp(w)/I(w)]
o nl

o(w)

where o is the wavenumber (cm™!), 6(w) the absorption cross-section (cm?molecule™"), 7y(w) and
I(w) the intensities at the wavenumber o, of the incident and transmitted radiation, respectively, n
the concentration of the absorbing molecules (moleculecm™3), / the optical path length (cm).

A data management program is associated with this sub-database.

Table 9, split into three parts, details the fields of the format in the data archive. Part (a) gives
the fields of the format for the absorption cross-sections data file itself. The related molecule
identification codes are provided in part (b). Each cross-section value is associated with one of 274
listed atmospheric conditions and coded as summarized in part (c), following their specific
temperature, pressure and spectral resolution.

Recent efforts have supplemented the previous edition [7] of the GEISA/IASI absorption cross-
sections sub-database. This has represented an increase of 275% in data amount in the archive,
the content of which is summarized in Table 10. For each molecular species listed in column 1,

>
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Table 9
Fields of the format for data archive in GEISA/IASI-03 absorption cross-sections sub-database

(a) Absorption cross-section parameters data format

Parameter Wavenumber (cm™!) Absorption cross- Molecule identification ~ Atmospheric
section code condition code
(cm? molecule™!)

Fortran F12.6 IPE10.3 I3 13
descriptor

(b) Molecule identification codes
Molecule CFC-11 CFC-12 CFC-14 HCFC-22 N,Os CCly

Identification code 1 2 4 16 23 26

(c) Atmospheric condition codes file data format:

Parameter Atmospheric Temperature (K) Pressure (Pa) Resolution Internal GEISA
conditions code (cm™1) code for data
identification
Fortran 13 F9.1 F12.2 F7.3 Al
descriptor
Part (a):

Column 1: Wavenumber (cm™1).

Column 2: Absorption cross-section (cm~2molecule™).
Column 3: Molecule identification code.
Column 4: Atmospheric condition code.

Part (c):

Column 1: Atmospheric condition code.

Column 2: Temperature (K).

Column 3: Pressure (Pa).

Column 4: Resolution (cm™1).

Column 5: Internal GEISA code for data identification.

and per related reference listed in column 6, are given, in columns 2—4: the ranges for, the spectral
interval (cm™'), the temperature (K) and the pressure (Pa); the numbers of T, P (Temperature,
Pressure) sets and of entries are in columns 5 and 7, respectively. A zero value of the pressure
corresponds to pure vapour data. In the last line of the table are displayed, for the sub-database as
a whole, the total numbers of 7, P sets (column 5) and of entries (column 7).

Fig. 3, split in panels (a)—(f), details the T, P and the database evolution since 1997, for the six
archived molecular species. Per molecule, identified on the left side of a panel divided into two
sections: the above section is related with pure vapour cross-sections (either corresponding to a
pure gas-non-air-broadened or extrapolated to zero pressure from a set of laboratory data); on
the below section, related with air-broadened gas, the displayed 7T (in K, on the X axis), P (in hPa,
on the Y-axis) sets are associated with five TIGR-2000 [116,117] atmospheric temperature and
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Table 10
Summary of GEISA/IASI-03 absorption cross-sections sub-database content
Molecule Spectral range Temperature  Pressure range # T,P sets  References # entries
(cm™) range (K) (Pa)
CFC-11 599-2000 296 93,325 1 Hurley [98]; Christidis [99]
(CCI3F) 500-1601 297 0 1 Heathfield [100]; Smith 1,657,853
[101]
810-880 190-296 1000-101,325 55 Li and Varanasi [102];
1050-1120 Varanasi [103]
CFC-12 850-1190 253-287 0 3 Clerbaux [104]
(CCLLF») 210-2000 296 93,325 1 Hurley [98] 2,199,538
850-950 190-296 1000-101,392 57 Varanasi and Nemtchinov
[105];
1050-1120 Varanasi [103]
CFC-14 220-2000 296 93,325 1 Hurley [98] 411,228
(CFy) 1250-1290 180-296 1005-101,458 55 Nemtchinov and Varanasi
[106]
HCFC-22  700-1500 203-293 0-80,000 8 Vander Auwera [107]
(CHCIF,) Ballard et al. [108]
765-1380 253-287 0 3 Clerbaux [104] 2,019,054
208-2000 296 93,325 1 Pinnock [109]; Hurley [98]
760-860 181-297 2666-101,936 51 Varanasi [110,111]
1070-1195 Varanasi et al. [112]
N,Os 540-1380 205-293 0 5 Wagner and Birk [113,114] 87,120
CCly 750-812 208-297 1070-101,272 32 Nemtchinov and Varanasi 197,536
[115]
Total 274 6,572,329

pressure profiles. The associated histogram, on the right part of the panel, gives the total number
of cross-sections, in GEISA/IASI-97 (left plot) and in GEISA/IASI-03 (right plot), as an
illustration of the evolution of the database.

6. The GEISA/IASI-03 sub-database on microphysical and optical properties of atmospheric

aerosols

Besides the molecular species which define the gaseous infrared opacity in the Earth’s
atmosphere, aerosol particles, however, also contribute to this opacity. Consequently, a common
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Fig. 3. GEISA/IASI-03 cross-sections sub-database. T, P distribution and evolution since GEISA/IASI-97. On each
panel: 5 TIGR-2000 [116,117] atmospheric T, P profiles, i.e.: 5 = polarl, 4 = polar2, 3 = mid-latitude2, 2 = mid-
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Fig. 3. (Continued)

GEISA and GEISA/IASI aerosol sub-database has been elaborated. It gathers the micro-physical
and optical properties and possibly computed optical related properties, for selected basic aerosol
components, from four published acrosol data catalogs, i.e.:
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e A database on refractive indices of 10 varieties of basic aerosol components [118—120].
® A database on basic acrosol components and service software [121].

e The database and associated software package OPAC [122].

® The GADS data set [123].

Ternary solution droplets are an important composition type of Polar Stratospheric Clouds.
Norman et al. [124] recently published real and imaginary ternary indices at 220 K at six different
ternary compositions, and these indices will be added to the next GEISA-1ASI edition.

This aerosols sub-database has been extensively described in Ref. [7], related with the 2001
Edition of GEISA/IASI. 1t is available from the ARA/LMD group workstations web site (see
next paragraph). No update has occurred since that time.

7. GEISA/IASI management software and availability

Management software and user’s friendly facilities are associated with the GEISA/IASI system.

® The individual line parameters sub-database management software package has been updated

and includes new functionality, since the former editions of GEISA [4] and GEISA/IASI [7].

The user has the choice of:

o to make data extractions by molecule, isotopomer and quantum identification, between two
given wavenumbers;

o to analyse selected sampled spectral intervals, in terms of line intensities and/or energy of the
lower transitions, thanks to the plots of related histograms;

o to obtain a complete description of the line parameters content for each molecular species, i.e.
for each existing transition, the number of lines, the wavenumber interval and the intensity
minimum and maximum values are provided.

Among the new software utilities, one of the most important is the possible conversion of any

GEISA/IASI format file into the new GEISA [8,9] format (the two formats are very close) and/

or into the HITRAN-2000 one [27]. Newly, the software also allows to transform any

spectroscopic data file into one in the GEISA/IASI format and to make comparisons between

two spectroscopic data files. Finally, it is possible to mix, in an intelligent way, two different

files for an accurate update, avoiding duplicated information, especially in the database update

process.

® The cross-sections sub-database management software allows:

o to make extraction of data, by temperature, pressure and 7, P set;

o to list the available T, P sets for each molecule;

o to obtain a detailed description of the information available for each molecular species, i.e.:
for each available 7, P set, the number of records, the wavenumber interval and the intensity
minimum and maximum values are given.

These management software facilities are interfaced on the ARA/LMD group web site at: http://
ara.lmd.polytechnique.fr. They are also accessible at the GEISA restricted free access ftp site:


http://ara.lmd.polytechnique.fr
http://ara.lmd.polytechnique.fr
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http://ara.lmd.polytechnique.fr/ftpgeisa. Previously, the potential user required a login and a
password, at the ARA/LMD web site.
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