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Abstract

This paper describes the status circa 2001, of the HITRAN compilation that comprises the public edition
available through 2001. The HITRAN compilation consists of several components useful for radiative transfer
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calculation codes: high-resolution spectroscopic parameters of molecules in the gas phase, absorption cross-
sections for molecules with very dense spectral features, aerosol refractive indices, ultraviolet line-by-line pa-
rameters and absorption cross-sections, and associated database management software. The line-by-line portion
of the database contains spectroscopic parameters for 38 molecules and their isotopologues and isotopomers
suitable for calculating atmospheric transmission and radiance properties. Many more molecular species are
presented in the infrared cross-section data than in the previous edition, especially the chloroHuorocarbons
and their replacement gases. There is now suIcient representation so that quasi-quantitative simulations can
be obtained with the standard radiance codes.
In addition to the description and justiJcation of new or modiJed data that have been incorporated since the

last edition of HITRAN (1996), future modiJcations are indicated for cases considered to have a signiJcant
impact on remote-sensing experiments.
? 2003 Elsevier Ltd. All rights reserved.

Keywords: HITRAN; Spectroscopic database; Molecular spectroscopy; Molecular absorption; Absorption cross-sections;
Aerosol refractive indices

1. Introduction

This article describes the data and software that have been added, modiJed, or enhanced in
the HITRAN (High Resolution Transmission) compilation since the previous edition of 1996 [1].
The HITRAN molecular spectroscopic database and its associated components are similar in scope
to the previous edition. An archival compilation was made available in late 2000 on an anony-
mous ftp-site (hereafter called HITRAN2k). Some major corrections and updates have also been
posted on the regular HITRAN web-site (http://cfa-www.harvard.edu/HITRAN). This article traces
these data sets through the end of 2001. Section 2 describes the changes for each molecule in the
line-by-line portion of the compilation (historically referred to as the HITRAN database). This part
of the article is key to understanding the basis for data improvements. Section 3 covers a rapidly
expanding portion of the compilation, the infrared cross-sections. Section 4 describes the ultraviolet
data sets, both line-by-line and cross-sections. Section 5 summarizes the tables of indices of refrac-
tion for various sets of aerosols. Section 6 describes the associated software that accompanies the
compilation.
The Jle structure of the compilation is shown in Fig. 1. The compilation as a whole is called

HITRAN Atmospheric Workstation (HAWKS).

2. Discrete molecular transitions: the HITRAN database

The line-by-line portion of the compilation contains fundamental spectroscopic parameters for their
most abundant isotopologues of a number of molecules. The parameters of each spectral line or tran-
sition (equivalent to a record in the database) are given in Table 1. As adopted since the edition [2]
of 1986, the total length of the record is 100 bytes composed of 16 Jelds. In future editions, the
number of parameters will be increased, and the record length will be 160 bytes. It should be noted
that the parameters are independent quantities, valuable as input to various computer codes that sim-
ulate transmittance or radiance in gaseous media. They have been chosen according to internationally

http://cfa-www.harvard.edu/HITRAN
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Fig. 1. File structure of HAWKS compilation.

Table 1
Format for HITRAN line transitions

Parameter Symbol definition Field length Type Comments

� Molecule number 2 Integer HITRAN chronological assignment
� Isotopologue/isotopomer number 1 Integer Ordering by terrestrial abundance
ν Vacuum wavenumber 12 Real In cm−1

−1S Intensity 10 Real In cm /(molecule cm−2) at standard
296 K

R Weighted transition-moment squared 10 Real In Debye2 (to be changed to
Einstein-A coefficient in future)

�air Air-broadening half-width 5 Real HWHM at 296 K (in cm−1 (atm−1)
(Lorentzian half-width)

�self Self-broadening half-width 5 Real HWHM at 296 K (in cm−1 atm−1)
(Lorentzian half-width)

�  Lower-state energy 10 Real In cm−1

n Temperature dependence 4 Real Temperature-dependent exponent for
�air

� Air-pressure shift 8 Real In cm−1 atm− 1

�′

′

Upper-state  global quanta index 3 Integer See Table 3
�″ Lower-state  global quanta index 3 Integer See Table 3
Q  Upper-state local quanta 9 Hollerith See Table 4
Q″

″

 Lower-state local quanta 9 Hollerith See Table 4
�err Uncertainty indices 3 Integer Accuracy of 3 critical parameters

(�, S, and �air)
�ref Reference indices 6 Integer References for 3 critical parameters

(�, S, and �air)

Note: For the intensity and weighted square of the transition moment, scientiJc notation is used, e.g., the type in
FORTRAN is E10.3.

accepted modeling schemes. Necessary quantities that are more general in scope, such as the partition
sum or the isotopic abundance, for example, are contained in associated tables in the compilation. A
detailed summary of the deJnitions and the use of the parameters is given in Appendix A of Ref. [1].
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The molecules present in HITRAN are shown in Table 2. The molecule numbers reHect the
chronological entry into HITRAN. Historically, HITRAN has dealt with absorbers in the terres-
trial atmosphere whose absorption properties contributed to measurable transmission or emission in
remote-sensing experiments. The number of transitions included in the database is limited by: (1)
a reasonable minimum cuto> in absorption intensity, (2) lack of suIcient experimental data, or (3)
lack of calculated transitions. The strong dipole moments of some of the molecules have necessitated
the inclusion of several isotopologues, as seen in the third column of Table 2, using the old Air
Force Geophysics Laboratory (AFGL) shorthand notation for isotopologues (for example, 626 for
16O12C16O and 636 for 16O13C16O) and isotopomers (for example 668 for 16O16O18O and 686 for
16O18O16O). The fourth column gives the fractional abundance of the isotopologue as adopted in the
HITRAN database, derived from De Bievre et al. [3]. The Jfth column of Table 2 gives the overall
spectral coverage rounded down for the lower wavenumber and up for the upper end of the range.
For some molecules the intensity cuto> has been lowered in order to account for sequences of very
high vibrational transitions that impact non-local thermodynamic equilibrium (NLTE) simulations;
this is the case for both NO and OH, with resultant increases in their spectral coverage.
The molecules for which data are included in HITRAN are mostly composed of small numbers

of atoms and low total molecular weight. Large polyatomic molecules have many normal modes of
vibration and “heavy” species have fundamentals at very low wavenumbers. For two of the molecules
in HITRAN, SF6 and ClONO2, we have put the parameters for this edition in a supplemental folder
(see Fig. 1). The rationale for this is that the line-by-line parameters only represent a few bands,
and neglect many signiJcant hot bands for the “heavy” species. In fact, the �9 vibrational (torsional)
fundamental of ClONO2 is below the nominal value of kThc of the atmosphere (about 200 cm−1),
where k; h, and c are the Boltzmann constant, Planck’s constant, and the speed of light (in vacuum),
respectively. For most applications, the IR cross-sections of these molecules in HAWKS provide a
better simulation.
In HITRAN, as shown in Table 1, the line transition has been given with upper and lower “global”

quanta, and also upper and lower “local” quanta. The global quanta have been organized into 10
classes, and are shown in Table 3. The local quanta have been classiJed into six groups, as shown
in Table 4.
The uncertainty indices that are used in HITRAN are deJned in Table 5. This table also includes

deJnitions for three more uncertainty indices that will be used in the next HITRAN edition.
Table 6 summarizes the range of values of parameters in HITRAN of air- (�air) and self-broadened

(�self ) half-widths, temperature dependence of air-broadened width (n), and air-pressure shift (�).
This table is meant as a rough guide. The extrema are for all bands of all of the isotopologues
of a molecule; hence, if values exist only for one band, those will be indicated in the table. This
table is useful in estimating unknown parameters, but particular caution should be used for estimating
pressure-shift parameters, where values are slowly appearing in HITRAN, often just for a few bands.
The following sub-sections cover those molecules whose parameters have been updated since the

last edition of HITRAN. The descriptions are generally by band regions. Future improvements are
also mentioned where necessary.

2.1. H2O (molecule 1)

Updates to two separate spectral regions for the water–vapor parameters in HITRAN were made
since the last edition.
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Table 2
Summary of isotopologues represented in HITRAN

Number Molecule Isotopologue Fractional Spectral coverage Number
(AFGL notation)a abundance (cm− 1) of lines

1 H2O 161 0.997317 31683
181 0.00199983 7424
171 0.000372 3755
162 0.00031069 9796
182 0.000000623 438
172 0.000000116 175

2 CO2 626 0.98420 27123
636 0.01106 8836
628 0.0039471 13313
627 0.000734 6625
638 0.00004434 2312
637 0.00000825 1584
828 0.0000039573 721
728 0.00000147 288

3 O3 666 0.992901 161281
668 0.00398194 19147
686 0.00199097 7513
667 0.000740 58254
676 0.000370 28938

4 N2O 446 0.990333 19037
456 0.0036409 2106
546 0.0036409 2161
448 0.00198582 2000
447 0.000369 871

5 CO 26 0.98654 917
36 0.01108 780
28 0.0019782 760
27 0.000368 728
38 0.00002222 712
37 0.00000413 580

6 CH4 211 0.98827 147153
311 0.01110 28793
212 0.00061575 35519

7 O2 66 0.995262 1430
68 0.00399141 671
67 0.000742 4186

8 NO 46 0.993974 16288
56 0.0036543 699
48 0.00199312 679

9 SO2 626 0.94568 38566
646 0.04195 287

10 NO2 646 0.991616 104224
11 NH3 4111 0.9958715 27994

5111 0.0036613 1090
12 HNO3 146 0.989110 171504
13 OH 61 0.997473 39900

81 0.00200014 65
62 0.00015537

0−22657
6−13901
6−11144
0−5508

1173−1685
1234−1599

442−9649
497−8105
507−8133
554−6962
567−4947
584−3642
615−3670
626−2359

0−4061
0−1178
1−1146
0−821
0−823
0−5132
5−3463
4−3474

555−3464
586−3483

3−8465
3−6279
3−6267
3−6339
3−6124

1807−6197
0−6185
0−6070
7−3307
0−15927
1−15852
0−14537
0−3967

1609−2061
1601−2039

0−4093
2463−2497

0−3075
0−5295
0−5180
0−1770
0−19268
0−7
0−2 90
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Table 2 (continued)

Number Molecule Isotopologue Fractional Spectral coverage Number
(AFGL notation)a abundance (cm− 1) of lines

14 HF 19 0.99984425 41−11536 107
15 HCl 15 0.757587 20−13458 284

17 0.242257 20−10995 249
16 HBr 19 0.50678 16−9759 651

11 0.49306 16−9758 642
17 HI 17 0.99984425 12−8488 806
18 ClO 56 0.75591 0−1208 3599

76 0.24172 0−1200 3631
19 OCS 622 0.93739 0−4119 10554

624 0.04158 0−4116 4186
632 0.01053 0−4013 2283
623 0.007399 509−4116 1802
822 0.001880 0−4042 1096

20 H2CO 126 0.98624 0−2999 1772
136 0.01108 0−73 563
128 0.0019776 0−48 367

21 HOCl 165 0.75579 0−3800 8057
167 0.24168 0−3800 7508

22 N2 44 0.9926874 1922−2626 120
23 HCN 124 0.98511 2−3422 703

134 0.01107 2−98 34
125 0.0036217 2−101 35

24 CH3Cl 215 0.74894 679−3173 5311
217 0.23949 674−3162 4044

25 H2O2 1661 0.994952 0−1500 5444
26 C2H2 1221 0.97760 604−3359 2879

1231 0.02197 613−3375 236
27 C2H6 1221 0.97699 720−3001 4749
28 PH3 1111 0.99953283 708−1411 2886
29 COF2 269 0.98654 725−1982 54866
30 SF6 29 0.95018 940−953 11520
31 H2S 121 0.94988 2−4257 12330

141 0.04214 5−4172 4894
131 0.007498 5−4099 3564

32 HCOOH 126 0.983898 1060−1162 3388
33 HO2 166 0.995107 0−3676 38808
34 O 6 0.997628 68−159 2
35 ClONO2 5646 0.74957 763−798 21988

7646 0.23970 765−791 21110
36 NO+ 46 0.993974 1634−2531 1206
37 HOBr 169 0.5056 0−316 2177

161 0.4919 0−316 2179
38 C2H4 221 0.9773 701−3243 12697

231 0.02196 2947−3181 281

Note : SF6 and ClONO2 are relegated to the supplemental directory (see text).
aThe majority of molecular entities in HITRAN are isotopologues, except for some isotopomers of ozone and nitrous

oxide.
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Table 3
Notation of global quanta identiJcation for the 10 classes

Class definition for HITRAN molecules Upper- and lower-state  global quanta

Class 1: Diatomic molecules
v1CO, HF, HCl, HBr, HI, N2, NO+

Class 2: Diatomic molecules with different electronic levels
O2 Xv1

Class 3: Diatomic molecules with � -doublet electronic state
NO, OH, ClO Xiv1

Class 4: Linear triatomic
N2O, OCS, HCN v1v2l2v3

Class 5: Linear triatomic with large Fermi resonance
CO2 v1v2l2v3r
Class 6: Non-linear triatomic
H2O, O3, SO2, NO2, HOCl, H2S, HO2, HOBr v1v2v3

Class 7: Linear tetratomic
C2H2 v1v2v3v4v5l ± r
Class 8: Pyramidal tetratomic
NH3, PH3 v1v2v3v4 S
Class 9: Non-linear tetratomic
H2CO, H2O2, COF2 v1v2v3v4v5v6

Class 10: Pentatomic or greater polyatomic
CH4 v1v2l2v3l 3v4l 4l
CH3D, CH3Cl, C2H6, HNO3, SF6, HCOOH, ClONO2, C2H4 Explicit mode notation

Notes : This notation of the global quanta Jeld will be the notation for the next HITRAN format (15 characters instead
of 3). In the current HITRAN edition, the global quanta are represented by an index (format I3). The correspondence of
these numbers and the local quanta can be found in the ftp site in the program bd vibs.for. In the next edition of HITRAN,
the local quanta of this table will be incorporated in the HITRAN format. vj is the quantum number associated with the
normal mode of vibration j, lj is the vibrational angular momentum quantum number associated with the degenerate
bending mode j, and l is deJned as the absolute value of the sum of the vibrational angular momentum quantum number
lj . For classes 2 and 3, X designates the electronic state of the molecule, and for class 3 i corresponds to either 1/2 or
3/2. For the notation of class 5, see Ref. [4]. For the notation of class 7, see Ref. [5]. For class 8, S is the symmetry of
the level. For the notation of class 10, see Ref. [6].

Toth [7–9] completed an analysis of laboratory spectra, including isotopic species and hot bands,
from 500 to 2820 cm−1. Updates are for positions, intensities, air-broadening coeIcients, self-
broadening coeIcients, and pressure-induced shifts [7–12]. Default values as a function of the run-
ning index m were used for the temperature-dependence coeIcient of �air, n. For a few lines we
have adopted the temperature dependence of widths from Remedios [13]; these lines are clearly iden-
tiJed using the reference index for air-broadened half-width. (In the next edition of HITRAN, three
new indices will be added, namely for reference to the self-broadened half-width, the temperature
dependence of the air-broadened half-width, and the pressure shift.) Data for two rare isotopologues,
HD18O and HD17O, numbers 5 and 6 in the HITRAN ordering scheme by terrestrial abundance, are
included in this update for the Jrst time. However, many lines of the �1 band (100–000) of the prin-
cipal isotopologue overlap the shortwave part of this region. The lines of the latter band remain the
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Table 4
Formats (in FORTRAN) for the six groups of local quanta identiJcation

Group classification and HITRAN molecules  Upper-state local quanta  Lower-state local quanta

Group 1: Asymmetric rotors
H2O, O3, SO2, NO2,

a

HNO3, H2CO, J ′ , K ′  
a, K ′  

c , F ′  , Sym′ J ″  , K ″  
a , K ″  

c , F ″  , Sym  

HOCl, H2O2, COF2, H2S, HO2, I2, I2, I2, I2, A1 I2, I2, I2, I2, A1
HCOOH, ClONO2, HOBr, C2H4

Group 2a: Diatomic and linear molecules __, Br, F ″  ,__ __, Br, J ″  

″  

, Sym″  

with integer J 5X , A1, I2, 1X 4X , A1, I3, A1
CO2, N2O, CO, HF, HCl, OCS, N2, HCN, C2H2, NO+

Group 2b: Diatomic and linear molecules __, Br, __, F ″  __, Br, J , Sym
with integer J , and half-integer F 5X , A1, 1X , F4.1 2X , A1, I3, A1
HBr, HI

Group 3a: Spherical rotors J ′ , R′ , C ′ , N ′ ,−− J ″    , R ″   , C″    , N ″    

SF6 I2, I2, A2, I2, 1X I2, I2, A2, I2, 1X

Group 3b: Spherical rotors J ′ , C ′ , � ′, __ J ″    , C″    , � ″   , __

CH4 (not CH3D) I2, A2, I3, 2X I2, A2, I3, 2X

Group 4a: Symmetric rotors J ′ , K ′ , __ , C ′ , __ J ″    , K ″    , __ , C″    , __

CH3D I2, I2, 2X , A2, 1X I2, I2, 2X , A2, 1X

Group 4b: Symmetric rotors J ′ , K ′ , C ′ , __ , Sym′ J ″    , K ″    , C″    , __ , Sym″    

CH3Cl, C2H6, PH3 I2, I2, A2, 2X , A1 I2, I2, A2, 2X , A1

Group 4c: Symmetric rotors J ′ , K ′ , l ′ , __ , Sym′ J ″    , K ″    , l ″    , __ , Sym″    

NH3 I2, I2, I2, 2X , A1 I2, I2, I2, 2X , A1

Group 5: Triplet-Σ ground electronic states __, Br, F ″  , __ Br, N ″  , Br, J ″  , __ , Sym ″ 

O2 3X , A1, F 4:1, 1X A1, I2, A1, I2, 2X ,__, A1

Group 6a: Doublet- � ground electronic states
(half-integer J , integer F) __ , Br, F ″  , __ __, Br, J ″  , Sym″  

OH

b

, ClO 5X , A1, I2, 1X 3X , A1, F 4:1, A1

Group 6b: Doublet- � ground electronic states
(half-integer J , half-integer F) , F  ′ , ____ , F ″ __, Br, J ″  , Sym″  

NO 2X , F 4:1, 1X , F 4:1 1X , A1, F 4:1, A1

Notes : Prime and double primes refer to upper and lower states, respectively; Br is the O-, P-, Q-, R-, or S-branch
symbol; J is the quantum number associated with the total angular momentum excluding nuclear spin; F is the quantum
number associated with the total angular momentum including nuclear spin (when necessary for a few transitions). In
group 3a, R is the quantum number associated with the nuclear orbital angular momentum and N is the quantum number
associated with the rotational angular momentum. The quantum notation C and � is described in Ref. [6]. N is the total
angular momentum including spin and rotation for O2. Sym is e or f for l -type doubling, + or − for required symmetry
symbols, and d or q for magnetic-dipole or electric-quadrupole transitions (for O2 and N2).

aFor NO2, F − J has been used instead of F .
bFor OH, the format of branch (Br) in the lower-state quanta  field is 2A1 to accommodate the total orbital angular

momentum N as well as J . Notice that the format for NO, HBr, and HI have 11 bytes in the upper-quanta  field, and 7
bytes in the lower-quanta field, instead of 9 bytes and 9 bytes as indicated in Table 1.
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Table 5
Uncertainty codes adopted for HITRAN

Line position and Intensity, half-width (air and self) and
air-pressure shift (cm−1) temperature dependence of half-width

Code Uncertainty range Code Uncertainty range

0 ¿ 1:0 or Unreported 0 Unreported or unavailable
1 ¿ 0:1 and ¡ 1:0 1 Default or constant
2 ¿ 0:01 and ¡ 0:1 2 Average or estimate
3 ¿ 0:001 and ¡ 0:01 3 ¿ 20%
4 ¿ 0:0001 and ¡ 0:001 4 ¿ 10% and ¡ 20%
5 ¿ 0:00001 and ¡ 0:0001 5 ¿ 5% and ¡ 10%
6 ¡ 0:00001 6 ¿ 2% and ¡ 5%

7 ¿ 1% and ¡ 2%
8 ¡ 1%

same as in the earlier editions of HITRAN. It should be remarked here that the data of Toth [7] did
not include the fundamental of HDO, and an update was required to HITRAN2k.
Dramatic improvements of atmospheric retrievals have been demonstrated using the update to

HITRAN in this region [14,15].
The intensities of all lines in HITRAN beyond 8000 cm−1 have been adjusted. This was due

to the correction of a problem with intensity unit conversion of lines in the near-IR and visible
found by Giver et al. [16]. A major update has occurred within this broad region, namely with the
addition of the 3� polyad of bands from 9600 to 11400 cm−1. The positions and intensities come
from the observations and analysis by Brown et al. [17]. Positions for about 100 lines in this region,
however, come from the earlier work of Chevillard et al. [18]. For the second isotopologue, H218O,
the calculated positions predicted by Partridge and Schwenke [19] have occasionally been superseded
using observed upper levels from Chevillard et al. [20]. Observed intensities [20] were used to scale
the calculations of Ref. [19]. The few lines of the third isotopologue, H172 O, that survive the HITRAN
intensity cuto> in this region have line positions and intensities taken from Camy-Peyret et al. [21].
Air-broadened half-widths for all bands in the 9600 to 11 400 cm−1 region come from Brown

et al. [17], but in some cases are the result of averaging over many bands. Self-broadened widths
for B-type bands are derived from Ref. [17]; self-broadened widths for A-type bands come from
unpublished results of Toth. For unassigned lines we use a default value 0:444 cm−1 atm−1 for �self .
The temperature dependence of the air-broadened half-width, n, is either a function of a running
index m (equal to −J , J , or J + 1, for the P- , Q-, and R-branches, respectively), values adopted
from other bands, or is set to a value of 0.68 for unassigned lines. It should be recalled from the
previous editions of HITRAN that there still exist numerous unassigned lines of water vapor in the
visible region in HITRAN. These lines come from direct experiment at 296 K, and are Hagged by
a minus one (−1) in the Jeld for lower-state energy. Finally, the air-induced pressure shift, �, has
been set to either −0:0111 cm−1 atm−1 or determined from an average of many bands [17].
There are works in progress that will signiJcantly update the water–vapor parameters in the next

edition of HITRAN. Among these are the evaluations of long-path laboratory observations in the
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Table 6
Range of parameters in HITRAN for air- (�air) and self-broadened (�self ) half-widths, temperature dependence of
air-broadened width (n), and air-pressure shift (�)

Molecule �air �self n  

Min. Max. Min. Max. Min. Max. Min. Max.

1. H2O 0.0023 0.1099 0.0 0.7048 0.28 0.97 − 0.0312 0.0212
2. CO2 0.0554 0.0949 0.0523 0.1279 0.49 0.78 − 0.00372 0.0
3. O3 0.0494 0.0836 0.0809 0.1119 __ 0.76 __ __ 0.0 __

4. N2O 0.0686 0.0974 0.0 0.127 0.64 0.82 __ 0.0 __

5. CO 0.04 0.0789 0.046 0.0878 __ 0.69 __ __ 0.0 __ 

6. CH4 0.0000 0.0987 0.0137 0.2045 0.1300 1.07 − 0.03276 0.01797
7. O2 0.0279 0.0601 0.0274 0.0654 0.63 0.74 − 0.009 0.0
8. NO 0.041 0.0687 0.0 0.076 0.5 0.71 − 0.004 0.0
9. SO2 0.1 0.152 0.0 0.4 0.5 0.75 __ 0.0 __

10. NO2 0.0631 0.0841 __ 0.095 __ __ 0.97 __ __ 0.0 __

11. NH3 0.0531 0.11 0.0585 0.6603 0.45 0.95 __ 0.0 __

12. HNO3
__ 0.11 __ 0.0 0.73 __ 0.75 __ __ 0.0 __

13. OH 0.04 0.095 __ 0.0 __ 0.5 0.66 __ 0.0 __

14. HF 0.01 0.105 0.0 0.7295 0.22 1. − 0.029 0.012
15. HCl 0.005 0.0984 0.0221 0.264 0.05 0.76 − 0.0129 0.001
16. HBr 0.015 0.123 0.05 0.1378 __ 0.5 __ __ 0.0 __

17. HI __ 0.05 __ 0.01 0.12 __ 0.5 __ __ 0.0 __

18. ClO 0.085 0.093 __ 0.0 __ 0.5 0.75 __ 0.0 __

19. OCS 0.07 0.1092 0.0 0.1685 0.3 0.9 __ 0.0 __

20. H2CO 0.107 0.108 __ 0.0 __ __ 0.5 __ __ 0.0 __

21. HOCl __ 0.06 __ __ 0.0 __ __ 0.5 __ __ 0.0 __

22. N2 0.0314 0.053 0.0314 0.053 __ 0.5 __ __ 0.0 __

23. HCN 0.0819 0.1566 __ 0.0 __ __ 0.5 __ __ 0.0 __

24. CH3Cl 0.08 0.1238 __ 0.0 __ __ 0.5 __ __ 0.0 __

25. H2O2
__ 0.1 __ __ 0.0 __ __ 0.5 __ __ 0.0 __

26. C2H2 0.04 0.1158 0.0812 0.1969 __ 0.75 __ − 0.001 0.0
27. C2H6

__ 0.1 __ __ 0.0 __ __ 0.5 __ __ 0.0 __

28. PH3
__ 0.075 __ __ 0.0 __ __ 0.5 __ __ 0.0 __

29. COF2
__ 0.0845 __ __ 0.175 __ __ 0.94 __ __ 0.0 __

30. SF6
__ 0.05 __ __ 0.08 __ __ 0.65 __ __ 0.0 __

31. H2S 0.08 0.15 __ 0.17 __ __ 0.75 __ __ 0.0 __

32. HCOOH __ 0.1 __ __ 0.0 __ __ 0.75 __ __ 0.0 __

33. HO2
__ 0.107 __ __ 0.0 __ 0.5 0.67 __ 0.0 __

34. O __ Not Applicable __

35. ClONO2
__ 0.14 __ __ 0.8 __ __ 0.5 __ __ 0.0 __

36. NO+ __ 0.06 __ __ 0.0 __ __ 0.5 __ __ 0.0 __

37. HOBr __ 0.06 __ __ 0.0 __ __ 0.67 __ __ 0.0 __

38. C2H4
__ 0.087 __ __ 0.09 __ __ 0.82 __ __ 0.0 __

�

Note: A “zero” as value can signify no value given; ranges indicate extremes for some bands, other bands may be
defaults or blank.
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short-wave region [22–26]. It is expected that these studies, as well as an analysis [27] to identify
isotopic lines that may be incorrectly assigned in the literature, will greatly improve this region for
many applications. In addition, there are a dozen lines in this region that are apparently duplicates,
that is, they have identical quantum assignments but di>erent line positions. Ten lines also have
rotational assignments even though the upper-state vibration is listed as unknown. About 20 lines
have quantum assignments for the transition, yet the lower-state energy is listed as −1 (the HITRAN
convention for unidentiJed quanta). These problems have existed for H2O in the past, but over time
the editions of HITRAN have had a considerable reduction in these inconsistencies.
Another signiJcant improvement that is imminent is in the 1.3- to 1.5-�m region. In the current

edition of HITRAN, the data were preliminary results of Toth, which later appeared in Ref. [28].
The results in the latter work [28] are a deJnite improvement, as shown by LepTere et al. [29] and
by Parvitte et al. [30].
New calculations of half-widths [31] will be considered for all transitions of water vapor through-

out the database in the future.

2.2. CO2 (molecule 2)

There are no updates for carbon dioxide spectral line parameters since the previous edition of
HITRAN [1]. However, many improvements are planned for the next update. There are several
deJciencies with the intensities of CO2 bands in the database, especially in the 1- to 3-�m region.
In the previous HITRAN database, there were only a few measurements of the weak CO2 bands;
the intensities of weak, unmeasured lines were calculated using the direct numerical diagonalization
(DND) technique [32]. The results in the short-wave spectral region were limited somewhat by both
the truncation of the energy matrix (yielding less accurate line positions) and by the method used
to determine the relative intensities of the P- and R-branches (Herman–Wallis factors). There have
been numerous high-resolution intensity measurements that need to be incorporated into HITRAN.
Among them are the measurements of Devi et al. [33], Giver et al. [34], Goldman et al. [35], and
Henningsen and Simonsen [36].
Many of the positions and intensities of CO2 lines in the HITRAN database are currently inac-

cessible to laboratory measurement. There are two promising methods for the calculation of energy
levels and intensities of CO2 lines. The variational method, similar to DND, has been successfully
pursued by Aguir et al. [37]. The method of e>ective operators, advanced by Tashkun et al. [38],
has produced a database in HITRAN format.

2.3. O3 (molecule 3)

The ozone parameters have remained the same since the last edition. Many improvements, en-
hancements, and extensions in spectral coverage will soon be available. A comprehensive review of
the status for ozone is described in this issue by Rinsland et al. [39].

2.4. N2O (molecule 4)

The R(3) line of the �2 fundamental of the principal isotope of nitrous oxide, 14N216O, which
was inadvertently omitted from the previous edition, has been restored; this problem was noted
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in the previous article [1]. Numerous improvements for nitrous oxide line parameters have been
achieved, but were not completed in time for the edition of HITRAN described in this paper.
Among the improvements will be an update in the 17-�m region, and the replacement of data
for two weak bands in the 10-�m region, (0001–1000) and (0220–0000), that have poorly de-
termined intensities in HITRAN. The data in the 17-�m region come from Johns et al. [40],
while the results for the two bands in the 10-�m region come from Daumont et al. [41]. Fur-
thermore, Toth [42] measured line positions and intensities in the range from 3515 to 7800 cm−1
and Daumont et al. [43] measured more than 3000 line intensities in 66 bands in the 3788–
5319-cm−1 region. A line list in HITRAN format covering the latter spectral range is currently being
prepared.

2.5. CO (molecule 5)

No changes for carbon monoxide have been made since the previous edition of HITRAN. For
the second overtone of 12C16O around 1:6 �m, di>erent groups [44–47] have come to the con-
clusion that the intensity values in HITRAN are overestimated by 5–7%. Similarly, for the Jrst
overtone near 2:4 �m, two recent studies [48,49] indicate that the HITRAN intensities are 1–6%
larger than the measured values. The current HITRAN air-broadening coeIcients agree with re-
cent laboratory measurements [47,48,50] in the fundamental and Jrst two overtones within ±2%
for transitions with 3¡ |m|¡ 19. Outside this range, the HITRAN air-broadening coeIcients are
3–10% smaller than the measured values. The temperature dependence exponent for air-broadening
is a constant value of 0:69 cm−1 atm−1 for all CO transitions in HITRAN2k. However, a recent
laboratory study in the 1–0 and 2–0 bands [48] indicates that the temperature exponents are closer
to 0.75 for low-J transitions, and there is a signiJcant |m|-dependence. This same study reports mea-
sured air-induced line shift coeIcients averaging −0:003 cm−1 atm−1 in the 1–0 band and ranging
from −0:003 to −0:007 cm−1 atm−1 in the 2–0 band. Another study [47] reports air shifts be-
tween −0:003 and −0:009 cm−1 atm−1 in the 3–0 band. However, the air-shift coeIcients remain
set to zero in HITRAN2k. The HITRAN2k self-broadening coeIcients and recent measurements
[44–55] all agree within ±5%. With one exception [53], all the broadening and shift measure-
ments cited above are for the main isotopologue 12C16O. According to two recent studies [53,56],
the self-broadening coeIcients of the lines of 13C16O are apparently smaller by 2% [53] than
those of the corresponding lines of 12C16O, while the N2-broadening coeIcients of the lines of
13C16O are 5–7% smaller [56] than the corresponding 12C16O values. However, adoption of the
apparent di>erences in the parameters of the two isotopologues should be based upon more mea-
surements that conJrm this fact, before they are considered for inclusion in a future edition of
HITRAN.

2.6. CH4 (molecule 6)

Methane in the HITRAN database comprises line parameters for three isotopologues, 12CH4, 13CH4,
and 12CH3D and covers the spectral region from 0 to 6185 cm−1. A major update has been accom-
plished for methane from 500 to 5500 cm−1. This update was completed after the HITRAN2k edition,
and became available in 2001. Regions below 500 cm−1 and above 5500 cm−1 retain lines from the
previous database [1].
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The status and description of methane line parameters in HITRAN, as well as ongoing progress,
are described by Brown et al. [6] in this issue. The number of lines of methane has increased
dramatically (from 48 032 to 211 465 lines) with the HITRAN 2001 update, partly due to a lower
intensity cuto>. Some minor caveats should be mentioned. The HITRAN convention for unassigned
lines is to put a minus one (−1) as a Hag in the lower-state energy Jeld. However, for methane
there are many unassigned lines with estimated values given for the lower-state energy. Most of these
lines in question are above 5500 cm−1. Two lines (3354.842341 and 3364:857096 cm−1) were not
correctly sorted in wavenumber [57] (they were placed just after 3375:437932 cm−1). The intensity
of a line located at 4576:668325 cm−1 has been mistakenly listed as negative [58]. These minor
errors will be corrected in the next edition of HITRAN.
The notation for the methane quanta has been more standardized in the HITRAN 2001 update,

as described in Ref. [6]. Table 4 shows the notation of the rotational quanta (groups 3b and 4a).
Fig. 2 illustrates the change in coverage for methane between the current and previous editions of
HITRAN. The stick plot was made with the HAWKS software (described in Section 6) that also
indicates the dynamic range improvement. In general, when there is a high density of lines in the
spectral interval, the plot displayed will have blue and red lines. This is to indicate the minimum
and maximum value in each unresolved plotting element; expanding the x-axis scale will eliminate
this overlap unless there are truly lines at the same wavenumber.

2.7. O2 (molecule 7)

Two major updates were accomplished for oxygen since the last edition of HITRAN.
The line intensities in the 1.27-�m region, corresponding to transitions between the ground elec-

tronic state X 3�−
g and the electronic state a1Ug, were previously based upon very sparse measure-

ments of the band. There have been more recent high-resolution laboratory measurements performed
on this band. In the HITRAN 2001 update, line intensities for the principal isotopologue have been
revised based upon the work of La>erty and co-workers [59]. The results of Ref. [59] have been
corroborated in another recent study by Smith and Newnham [60].
The atmospheric A band, between the ground electronic state X 3�−

g (with vibrational level v=0)
and the electronic state b1�−

g (with vibrational level v=0), centered at 0:76 �m, has been revised in
the present edition of HITRAN with the new measurements of Brown and Plymate [61]. However,
in the line list, the positions of two lines located at 13161.6135 and 13161:6127 cm−1 are reversed
[57].
The isotopic abundance factor had been inadvertently omitted from the line intensities in the

X 3�−
g (v = 0) ← X 3�−

g (v = 0) band (submillimeter region) of the
16O17O species. This error has

been rectiJed in the current edition of HITRAN.

2.8. NO (molecule 8)

The line positions and intensities for the Jrst overtone (2–0) and hot band (3–1) of nitric oxide
have been updated, resulting from the work of Mandin et al. [62,63]. Additional parameters for the
forbidden subbands of the Jrst overtone have been updated from the work of Gillis and Goldman
[64], which also provided the parameters for hot bands in this region.



18 L.S. Rothman et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 82 (2003) 5–44

500 1000 1500 2000 2500 3000

Wavenumber (cm−1)

3500 4000 4500 5000
−28.0

−26.0

−27.0

−25.0

−24.0

−23.0

−22.0

−21.0

−20.0

−19.0

L
og

 in
te

ns
ity

 in
 c

m
−1

 (
m

ol
ec

ul
e.

cm
−2

)

500 1000 1500 2000 2500 3000

Wavenumber (cm−1)

3500 4000 4500 5000
−28.0

−26.0

−27.0

−25.0

−24.0

−23.0

−22.0

−21.0

−20.0

−19.0

L
og

 in
te

ns
ity

 in
 c

m
−1

 (
m

ol
ec

ul
e.

cm
−2

)

HITRAN 1996

HITRAN 2001

Fig. 2. Stick plots of the line intensities of methane in the previous and current editions of HITRAN. Blue and red lines
are minimum and maximum intensities when lines are within the wavenumber scale of the plot (see text).

The air-broadened half-widths have been updated. For the (2–0) transitions, an algorithm based
on Refs. [65,66] has been used. It was assumed that the validity of this algorithm applied for all
Uv = 2 transitions including forbidden sub-bands. For the fundamental band of 14N16O and the
allowed hot band (2–1), air-broadened half-widths have been adopted from the work of Chackerian
et al. [67], which is also the source for the pressure shifts of parameters for all the NO infrared
bands in HITRAN.
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2.9. SO2 (molecule 9)

No changes in sulfur dioxide line parameters have been made since the previous edition of HI-
TRAN [1].

2.10. NO2 (molecule 10)

A major update of the 3.4-�m region of nitrogen dioxide has been made, as recommended in the
last article [1]. The update, which was made in 2001, replaces the spectral line parameters for the
combination bands, (120–000) and (101–000), and the hot band (111–010). The line positions and
intensities are taken from the work of Mandin et al. [68].
There has been a complete update of air-broadened half-widths and their temperature dependences,

n, for the entire line list of NO2. For the air-broadened half-widths, an algorithm with a functional
dependence on rotational quanta was adapted from the work of Dana et al. [69]. A mean value of
the temperature dependence was adopted from the works of Devi et al. [70] and May and Webster
[71]. A mean value has been adopted for the self-broadened half-width throughout the linelist from
Perrin et al. [72]; previously there were no values given for this parameter for NO2 in HITRAN.
Fig. 3 illustrates the broad change in coverage for nitrogen dioxide between the current and previous
editions of HITRAN.

2.11. NH3 (molecule 11)

Improvements for ammonia incorporated into HITRAN2k are described in the article by Kleiner
et al. [73] in this special issue. The update involved replacing pure-rotational and infrared transitions
from 0 to 3700 cm−1 with new calculations for the 14NH3 isotopologue, whereas in the 4000–
5300 cm−1 region, parameters from the 1996 database were retained. Some transitions that were not
fully identiJed were inappropriately assigned in the quanta Jelds. This is mentioned in Ref. [73]
and should not cause serious problems.

2.12. HNO3 (molecule 12)

An extensive update for nitric acid has been made in the 11-�m region. The two hot bands,
�5 + �9 − �9 and 3�9 − �9, have been removed from the previous HITRAN and replaced by the hot
band �5 + �9− �9 from Goldman et al. [74]. This replacement represents an update for both positions
and intensities. The line intensities in this region may still be o> as much as 8% due to missing
hot bands [75]. A more accurate analysis of the 11-�m region using new laboratory high-resolution
Fourier transform spectra is being performed, and is expected to improve positions and intensities
for the next HITRAN edition [76].
The half-widths applied [77] are the same as used in previous editions of HITRAN [1,2].

2.13. OH (molecule 13)

Line parameters for all transitions of the principal isotopologue of the hydroxyl radical have
been updated for this edition [78]. The new positions and intensities are the results of an improved
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Fig. 3. Stick plots of the nitrogen dioxide line intensities in the previous and current editions of HITRAN. Blue and red
lines are minimum and maximum intensities when lines are within the wavenumber scale of the plot (see text).

calculational method for the vibrational eigenfunctions. There are many overtone and hot bands
included in HITRAN [1] because of interest in non-LTE applications with this molecule, and thus
the usual terrestrial absorption cuto> for lines does not apply here. The new line parameters extend
the transitions to cover Uv=0; : : : ; 6 with v′=0; : : : ; 10 and Jmax =49:5, which signiJcantly increases
the number of lines in the database. HyperJne structure (hfs) was not included in this new update;
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hfs will be included in a future list and applies mainly to the Uv=0 transitions (the lesser abundant
isotopologue lines that have been preserved from the previous editions do have hyperJne components
listed).

2.14. HF (molecule 14)

No changes in hydrogen Huoride line parameters have been made since the previous edition of
HITRAN [1].

2.15. HCl (molecule 15)

No changes in hydrogen chloride line parameters have been made since the previous edition of
HITRAN [1].

2.16. HBr (molecule 16)

The pure-rotation lines and the fundamental band (1–0) for both isotopologues of hydrogen bro-
mide have been updated. A detailed account of the improvements is given in [79].

2.17. HI (molecule 17)

Ref. [79] gives a comprehensive account of the improvements for the pure-rotation lines and
fundamental band of hydrogen iodide made since the last edition of HITRAN.

2.18. ClO (molecule 18)

No changes in chlorine monoxide line parameters have been made since the previous edition of
HITRAN [1].

2.19. OCS (molecule 19)

An extensive self-consistent IR line list computed by Fayt was used to update HITRAN from
490 to 4120 cm−1. These parameters have been amalgamated with the pure-rotation bands already
existing in HITRAN to form a complete set with many more bands than was previously catalogued.
An additional isotopologue is now included in this list for the Jrst time, namely 16O12C33S (623
in AFGL code). In keeping with the HITRAN system of numbering isotopologues sequentially
based on terrestrial abundances, the isotopologue 18O12C32S (822) which had been labeled 4 in
previous editions of HITRAN, has become number 5. The new line list represents a vast increase
of bands in HITRAN that were not considered for previous editions of HITRAN: for the infrared
domain, there are 10 455 lines in 50 bands for the isotopologue 622, 4093 lines in 26 bands for
624, 2190 lines in 16 bands for 632, 1802 lines in 13 bands for 623, and 1012 lines in 10 bands
for 822.
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The calculated wavenumbers are based on the global analysis developed for this molecule [80–
82]. The global analyses of the main isotopologues are regularly updated using new experimental
data published in the literature. Since the 1991 global analysis [82], many quite accurate data have
been introduced [83–98], giving a considerable improvement to the accuracy of the analyses. A
statistical agreement is obtained with all available data. For the main isotopologue, the HITRAN
data correspond to the 1998 global analysis [98]. For the other isotopic species, they correspond to
the last published global analyses [86] noticeably improved by the introduction of experimental data
from Refs. [90,96,97].
Recently, line positions for the two bands of the principal isotopologue at 1892 and 2062 cm−1

have been replaced by the sub-Doppler heterodyne frequency measurements of MWurtz et al. [99].
Interestingly, the line positions from Fayt et al. [80] for these bands generally agreed to within
10−6 cm−1 with the MWurtz et al. [99] Jtted values, even though the HITRAN uncertainty criteria
given for the former data was 5, that is, good to 10−5 cm−1. Except for the highest J -lines of the
1892 band, the line position accuracy is now given as “6”, and these lines can be considered of
frequency calibration quality.
Intensities are based on the work of Kagann [100] for the 500, 1650, and 4000-cm−1 regions, of

Dang-Nhu et al. [101] for the 2575-cm−1 region, of Bouanich et al. [102] for the 850-cm−1 region,
of Blanquet et al. [103] for the 1000-cm−1 region, and of Belafhal et al. [90,91] for the 1800- to
3200-cm−1 region. The intensities for the 2500- to 3100-cm−1 region [90] have been recalibrated
according to more accurate measurements performed by Errera et al. [104]. Some intensities from Ref.
[90] have been estimated by Brown [105] using a few spectra recorded with the Fourier transform
spectrometer at Kitt Peak National Observatory. The intensities of the �1 +2�2 band near 1900 cm−1
have been multiplied by a factor 1.22, those of the �3 band near 2000 cm−1 by 0.88, and those
of the 4�2 band near 2100 cm−1 by 1.10. The validity of the applied corrections for �1 + 2�2
and 4�2 has been conJrmed in the study of 18O12C32S [96], whereas the original value for the �3
band was conJrmed. Recent high-resolution observations at the University of Reims [106] in the
3- to 5-�m region have shown some discrepancies with values listed in the HITRAN database. A
mean di>erence of more than 12% has been observed in the intensities of the �3 band of the main
isotopologue compared to HITRAN2k. Further validations are ongoing. The listed intensities of the
2�3 band of 16O12C32S are to be multiplied by 1.07 to agree with the more accurate values published
by Bermejo et al. [107].
The self-broadened half-widths are based on the work of Bouanich et al. [102] and the air-broadened

half-widths are based on Refs. [108–110]. Pressure shifts are all set to zero, but there is some new
work in progress [111].
For the future, the HITRAN data for OCS will be improved in three main directions, on the basis

of Refs. [90,91,96–98], and eventually of new measurements. First, the rotational spectra are to be
extended to new isotopologues and to many excited vibrational states. Second, the intensities of the
strongest infrared bands require further validations. Third, the infrared spectrum is to be extended
beyond 4200 cm−1, up to 8000 cm−1.

2.20. H2CO (molecule 20)

No changes in formaldehyde line parameters have been made since the previous edition of
HITRAN [1].
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2.21. HOCl (molecule 21)

No changes in hydrochlorous acid line parameters have been made since the previous edition of
HITRAN [1]. A new line list in two spectral regions was created, but transcription for HITRAN
was not completed in time for the HITRAN2k update. The list corresponds to the pure-rotation lines
[112] and the �2 region from 1178 to 1321 cm−1 [113].

2.22. N2 (molecule 22)

No changes in nitrogen line parameters have been made since the previous edition of HITRAN
[1].

2.23. HCN (molecule 23)

No changes in hydrogen cyanide line parameters have been made since the previous edition of
HITRAN [1]. However, a major update has been in progress for HCN. Line positions and intensities
throughout the infrared have been revisited by Maki et al. [114,115]. These data will greatly increase
the number of bands in HITRAN. The collision-broadening parameters and shifts are being updated
based upon the studies by Devi et al. [116] and by Rinsland et al. [117].

2.24. CH3Cl (molecule 24)

No changes in methyl chloride line parameters have been made since the previous edition of
HITRAN [1]. A line list for the �2, �5 and 2�3 vibrational band triad covering the 6- to 8-�m region
has been prepared, based upon the work of Chackerian et al. [118].

2.25. H2O2 (molecule 25)

No changes in hydrogen peroxide line parameters have been made since the previous edition
of HITRAN [1]. A preliminary line list covering 0–1427 cm−1 has been prepared by Perrin et al.
[119,120]. These data are being converted into the HITRAN format.

2.26. C2H2 (molecule 26)

Three spectral regions have had major updates for the current edition. These updates cover the
13.6-�m region (600–870 cm−1), the 7.5-�m region (1248–1415 cm−1), and the 5-�m region. The
extensive improvements and additions to HITRAN, as well as future recommendations, are described
in [5].
A larger and more standardized notation has been adopted for acetylene in order to describe the

many additional vibrational energy levels for the upper states in the 5-�m region. Table 7 lists
the levels that are now in HITRAN, illustrating the 8-character ASCII representation adopted in
HITRAN (also see the notes of Table 3). Two levels (000(11)0+ and 000(11)

0−) were unfortunately
given the same vibrational index in HITRAN; the identiJcations are being corrected for the next
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Table 7
Vibrational notation for acetylene adopted in HITRAN

Vibrational level HITRAN notation Vibrational level HITRAN notation
v1v2v3v4v5l± r v1v2v3v4v5l± r

Ground state 000000+ 000(31)0− 000310−
000(01)1 000011 000(31)2 II 000312 2
001(00)0+ 001000+ 000(31)2 I 000312 1
010(11)0+ 010110+ 010(01)1 010011
000(10)1 000101 000(13)0+ 000130+
000(11)0+ 000110+ 000(13)0− 000130−
000(11)0− 000110− 000(13)2 II 000132 2
000(11)2 000112 000(13)2 I 000132 1
000(02)0+ 000020+ 010(10)1 010101
000(02)2 000022 000(22)0+ II 000220+2
000(03)1 000031 000(22)0− 000220−
000(21)1 II 000211 2 000(22)2 II 000222 2
000(21)1 I 000211 1 000(04)0+ 000040+
000(31)0+ 000310+ 000(04)2 000042

edition. Only the Jrst 10 levels for C2H2 in the table were present in earlier editions of HITRAN
[1,2]. More complete statistics of the acetylene bands present in HITRAN are given in Ref. [5].

2.27. C2H6 (molecule 27)

No changes in ethane line parameters have been made since the previous edition of HITRAN
[1]. The parameters in HITRAN for ethane are quite dated. A modiJed line list [121] for the PQ3
sub-branch in the �7 band of ethane will be incorporated in a future edition of HITRAN. It contains
line positions, intensities, lower-state energies, air-broadening and air-pressure shift coeIcients. The
results of the new analysis represent signiJcant improvements over those used for earlier atmospheric
studies.

2.28. PH3 (molecule 28)

No changes in phosphine line parameters have been made since the previous edition of HITRAN
[1]. A review of the status of spectral line parameters of this molecule is presented [73] in this
Special Issue and a new line list is forthcoming.

2.29. COF2 (molecule 29)

No changes in carbonyl Huoride line parameters have been made since the previous edition of
HITRAN [1]. A new line list for the 5.1-�m region has been generated by Brown [122]. Much of
the analysis has gone into determining the intensities.
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2.30. SF6 (molecule 30)

No changes in sulfur hexaHuoride line parameters have been made since the previous edition of
HITRAN [1]. The old parameters for this species have been placed in a supplemental folder in the
compilation, as discussed at the beginning of this section.

2.31. H2S (molecule 31)

The spectral line parameters for the �1 and �3 fundamentals of hydrogen sulJde have been replaced
[123]. The new line list also includes numerous combination and hot bands, introduced into HITRAN
for the Jrst time. Unfortunately, in the oIcial HITRAN2k Jle for H2S, the reference to these bands
for positions and intensities [123] did not get recorded on the lines.
SigniJcant improvements to the air- and self-broadened half-widths should still be made. It has

been recommended [124] that the value of �air =0:08 cm−1 atm−1 would be preferable to the current
default value of 0:15 cm−1 atm−1 for transitions above 2000 cm−1. Even better results would be
obtained by adopting the work of Kissel et al. [125].

2.32. HCOOH (molecule 32)

No changes in formic acid line parameters have been made since the previous edition of HITRAN
[1]. Line parameters in the �6 region from the work of Perrin et al. [126] are being considered for
the next HITRAN edition.

2.33. HO2 (molecule 33)

The line parameters for the rotational lines of the hydroperoxyl radical have been updated in the
present edition of HITRAN. The new line positions are based upon the work of Chance et al. [127].
Intensities use direction cosine matrix elements from this work, and the dipole-moment measurements
of Saito and Matsumura [128]. The update extends the spectral coverage from the previous value
of 334 cm−1 to 909 cm−1. These new data include all rotational transitions up to N = 30 and
Ka = 9.
The air-broadened half-width of all lines of HO2 have been changed from the generic

0:05 cm−1 atm−1 used previously to the value of 0:107 cm−1 atm−1 [129].

2.34. O (molecule 34)

No changes for the oxygen atom lines have been made since the previous edition of HITRAN
[1].

2.35. ClONO2 (molecule 35)

No changes in chlorine nitrate line parameters have been made since the previous edition of
HITRAN [1]. The previous line parameters for this molecule have been placed in a supplemental
folder in the compilation, as discussed at the beginning of this section.
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2.36. NO+ (molecule 36)

No changes for the ionic species NO+ line parameters have been made since the previous edition
of HITRAN [1].

2.37. HOBr (molecule 37)

No changes in hydrobromous acid line parameters have been made since the previous edition of
HITRAN [1].

2.38. C2H4 (molecule 38)

The spectral line parameters for ethylene are a new addition to HITRAN. This new linelist contains
8 bands for the main isotopologue, 12C2H4, and two bands for the isotopologue 12C13CH4. For the
main isotopologue the bands included are: �10, �7, �4, �9, �11, �2 + �12, 2�10 + �12, �9 + �10− �10. For
the second isotopologue, the band included are the �9 band and the �11 bands. The data cover the
spectral region from 700 to 3243 cm−1. The line positions are taken from Refs. [130–133], while
the intensities are from Refs. [130,133–135]. Values for pressure-broadening coeIcients have been
taken from the work of Brannon and Varanasi [136]. A value of 0:09 cm−1 atm−1 has been chosen
for the self-broadened width throughout the linelist. A value of 0.82 has been adopted throughout
for the temperature-dependence exponent of the air-broadened half-width, n [136]. No pressure-shift
coeIcients have been reported.

3. IR cross-sections

The number of molecules and the extent of the data represented by IR cross-sections in HITRAN
have increased rapidly. The cross-sections are generally used for polyatomic molecules that possess
low-lying fundamentals, often on the order of kT or lower. Cross-sections are also used for “heavy”
molecular species, whose spectral lines are unresolved in the laboratory, and are likewise extremely
diIcult to calculate. Cross-sections also have the advantage of incorporating various spectroscopic
e>ects, such as line coupling, pressure shifts, etc. On the downside however, the cross-sections
may include undesired contributions from the apparatus function of the spectrometer used in the
laboratory. A discussion of the units is given in the previous HITRAN article [1]. A slightly more
standardized header for each temperature–pressure set has been implemented; the format is shown
in Table 8.
The cross-sections are derived from laboratory measurements using Fourier transform spectrome-

ters. The cross-sections have been cast into an equal wavenumber interval grid. It should be noted
that the initial and Jnal wavenumbers, �min and �max, respectively, of each temperature–pressure set
for a given wavenumber region are not always identical. They have been taken from the analysis of
the observations. The sampling intervals are also not necessarily identical. The wavenumber interval
of the grid is obtained by taking the di>erence of the initial and Jnal wavenumber and dividing this
quantity by the number of points, N , minus one, i.e., U�= (�max − �min)=(N − 1).
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Table 8
Format for cross-section headers for each temperature–pressure set

Quantity Field length Type Comment

Molecule 20 Hollerith Chemical formula (right-justiJed)
Minimum wavenumber 10 Real Start of range (cm−1)
Maximum wavenumber 10 Real End of range (cm−1)
Number of points 7 Integer Number of cross-sections in set
Temperature 7 Real Temperature (K) of set
Pressure 6 Real Pressure of set in Torr
Maximum cross-section value in the set 10 Real Useful for scaling plots (cm2=molecule)
Instrument resolution 5 Real See note
Common name 15 Hollerith Familiar name of molecule
Not currently used 4 Reserved for future use
Broadener 3 Hollerith “Air”, or self-broadened if left blank
Reference 3 Integer Index pointing to source of data

Note: Most cross-sections were taken from FTS measurements. In that case the resolution is given in cm−1. There are
some cross-sections taken from grating spectrometer measurements in the UV. In those cases, the resolution is given in
milliangstrWoms in the form xxx m XA, where xxx are up to three digits.

Table 9 lists the molecules that presently have IR cross-sections in HITRAN2k. Ideally, for
atmospheric simulation purposes a reasonably large set of temperatures and pressures at each spectral
range would be desired. The third column of Table 9 gives the overall temperature range of the
temperature–pressure sets, while column four gives the total pressure range. For many molecules,
measurements are only available for the pure sample, indicated by a total pressure of zero in Table
9. As can be seen in the Jfth column, the spectral coverage of the data in HITRAN is in the spectral
region of 5.6–17:2 �m.
Although hydrohalocarbons are present in very small amounts in the present-day atmosphere, some

have reached the minimum concentration levels required to be measured in the ambient air. As the
emissions of hydrohalocarbons are expected to increase in the future due to international regulation
of CFC emission (Montreal protocol and further amendments), high-resolution temperature-dependent
cross-sections are needed for determining the atmospheric concentrations using infrared spectroscopy.
As reported in [151], it is important to know the temperature dependence of the spectral features in
order to derive accurate concentrations.
Atmospheric abundances of CFCs have already been determined by Fourier transform infrared

(FTIR) spectroscopy using laboratory spectroscopic data both from ground-based measurements [152]
or balloon-borne experiments [153]. Recent simulations by Coheur et al. [154], using CFC and
CFC-substitute emission scenarios from WMO/IPCC, show that a current space-borne nadir FTIR
instrument could detect CFC-12 (and possibly CFC-11 and HCFC-22 when averaging on wide geo-
graphical areas), whereas limb or solar-occultation FTS instruments already detect CFC-11, CFC-12,
HCFC-22, CFC-113 and should measure HFC-134a and HCFC-142b after 2005 when their atmo-
spheric concentrations have increased.
The uncertainties associated with the cross-sections provided in [147], which were determined

from measurements made at 0:03 cm−1 resolution, range from 1–2% for strong absorptions to 3–4%
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Table 9
Summary of molecules represented by IR cross-section data in HITRAN

Molecule Common name Temperature Pressure Number Spectral Sources
(Refs.)range (K) range (Torr) of T, P coverage

sets (cm−1)

SF6 Sulfur hexafluoride 180−295 20−760 32 925−955 137,138
189−297 0−155 23 740−840 139

ClONO2 Chlorine nitrate 189−297 0−156 23 1250−1330 139
213−296 0 2 1680−1790 140

CCl4 Carbon tetrachloride 208−297 8−760 32 750−812 141
N2O5 Dinitrogen pentoxide 205−293 0 5 699−799 139

205−293 0 5 1199−1279 139
HNO4 Pernitric acid 268 0.7 1 770−830 142
C2F6 Hexafluoroethane, CFC-116 181−296 25−760 43 1061−1165 143

181−296 25−760 43 1220−1285 143
CCl3F CFC-11 190−296 8−760 55 810−880 138, 144

190−296 8−760 55 1050−1120 138, 144
CCl2F2 CFC-12 190−296 8−760 52 850−950 138

190−296 8−760 52 1050−1200 138
CClF3 CFC-13 203−293 0 6 765−805 145

203−293 0 6 1065−1140 145
203−293 0 6 1170−1235 145

CF4 CFC-14 180−296 8−761 55 1250−1290 146
C2Cl3F3 CFC-113 203−293 0 6 780−995 145

203−293 0 6 1005−1232 145
C2Cl2F4 CFC-114 203−293 0 6 815−860 145

203−293 0 6 870−960 145
203−293 0 6 1030−1067 145
203−293 0 6 1095−1285 145

C2ClF5 CFC-115 203−293 0 6 955−1015 145
203−293 0 6 1110−1145 145
203−293 0 6 1167−1260 145

CHCl2F HCFC-21 296 1 1 785−840 142
CHClF2 HCFC-22 181−297 0−765 29 760−860 138, 147

181−296 22−761 31 1070−1195 138
253−287 0 3 1060−1210 147
253−287 0 3 1275−1380 147

CHCl2CF3 HCFC-123 253−287 0 3 740−900 147
253−287 0 3 1080−1450 147

CHClFCF3 HCFC-124 287 0 1 675−715 147
287 0 1 790−920 147
287 0 1 1035−1430 147

CH3CCl2F HCFC-141b 253−287 0 3 710−790 147
253−287 0 3 895−1210 147
253−287 0 3 1325−1470 147

CH3CClF2 HCFC-142b 253−287 0 3 650−705 147
253−287 0 3 875−1265 147
253−287 0 3 1360−1475 147

CHCl2CF2CF3 HCFC-225ca 253−287 0 3 695−865 147
253−287 0 3 1010−1420 147
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Table 9 (continued)

Molecule Common name Temperature Pressure Number Spectral Sources
(Refs.)range (K) range (Torr) of T, P coverage

sets (cm−1)

CClF2CF2CHClF HCFC-225cb 253−287 0 3 715−1375 147
CH2F2 HFC-32 203−297 0−750 17 995−1236 148

203−297 0−750 17 1385−1475 148
CHF2CF3 HFC-125 287 0 1 700−745 147

287 0 1 840−890 147
287 0 1 1060−1465 147

CHF2CHF2 HFC-134 203−297 0−750 9 600−1700 149
CFH2CF3 HFC-134a 253−287 0 3 815−865 147

190−296 20−760 32 1035−1130 150
190−296 20−760 33 1135−1340 150
253−287 0 3 935−1485 147

CF3CH3 HFC-143a 203−297 0−750 9 580−630 149
203−297 0−750 9 750−1050 149
203−297 0−750 9 1100−1500 149

CH3CHF2 HFC-152a 253−287 0 3 840−995 147
253−287 0 3 1050−1205 147
253−287 0 3 1320−1490 147

Note: These data are in the main directory. Additional redundant data [145] for CFC-11 and CFC-12 are stored in a
supplemental sub-directory (see Fig. 1).

for weak absorptions. They were obtained by adding the uncertainties due to the following sources
of error: pressure and temperature measurements, purity determination, and path length.
Depending upon the sample used, the volumetric purity of the gas sample varied between 99%

and 99.99%. The uncertainty in the cell length that was measured by interferometric method was
about 0.2%. The uncertainties in the pressure measurements were better than 0.15% and the temper-
ature measurement was accurate to ±0:2 K. Total uncertainties associated with integrated absorption
intensities of bands are also provided in Ref. [147].
Very comprehensive pressure–temperature sets of numerous species have been adopted for the

HITRAN compilation from the laboratory studies carried out at the State University of New York at
Stony Brook [137–144,146,148–150]. The wavenumber scales of the high-resolution Fourier trans-
form spectra were calibrated using the absorption lines of ammonia, acetylene, carbon dioxide,
methane, and nitrous oxide bands in the thermal infrared (7–14 �m) as given in HITRAN. The total
(atmospheric) pressures were accurate to 0.1% of the value quoted in hPa. For example, 30 hPa
could be 30± 0:03 hPa.
The uncertainty in the volumetric mixing ratios, which directly a>ect the measured value of the

cross-sections of the absorbing molecules, was 0.14%. The transmittance was measured with an
uncertainty less than 0.3%. The S/N ratio in the measurement of the transmittance was always 300:1
or better. The uncertainty of the optical path length was about 1%. This also a>ects the measured
cross-section. The temperature of the gas (190–296 K) was known to an accuracy better than 0:5 K.
Spectral resolution was chosen judiciously so that instrumental distortion of the measured spectra
did not enter into the scheme of things that was devised for measuring the cross-sections. With
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all these sources of error speciJed, a simple statistical analysis [146] yields the estimated absolute
experimental (or systematic) error in the reported cross-sections.
Sources of uncertainty in IR cross-section measurements have also been investigated in a detailed

study involving a number of other groups led by the Rutherford Appleton Laboratory. The results
for HCFC-22 and recommendations for improving such measurements are summarized by Ballard et
al. [155].

4. Ultraviolet data sets

Ultraviolet data sets in the HITRAN compilation are divided into two categories, line-by-line and
cross-sections, as shown in Fig. 1. In addition to the new data described below, it is now possible
to access other data sets not included in HITRAN by using features of the software described in
Section 6 of this paper.

4.1. Line-by-line parameters

Data in the UV are now provided for the Jrst time in the HITRAN compilation for the hydroxyl
radical. The line parameters for the A2Y+ ← X 2Z bands of OH cover the region 29 808–35 877 cm−1.
They are described in the work of Gillis et al. [156].

4.2. UV Cross-sections

An extensive list of cross-sections for nitrogen dioxide, NO2, appears in HITRAN for the Jrst
time. The cross-sections are taken from measurements of Vandaele et al. [157]. They cover the
spectral region from 15 000 to 42 000 cm−1 (238–666 nm) at two temperatures, 220 and 294 K.

5. Aerosols

Optical depth in the atmosphere is comprised of contributions from both gas species and aerosol
particles. Aerosol particles are present throughout the atmosphere, from the surface to the mesopause,
and include liquid and solid particles of various sizes, shapes, and composition.
A size distribution of particles of a single composition has an extinction coeIcient kext (km−1)

that contributes an increment of optical depth kext ds over a path length ds (km). In the spherical
approximation, the extinction coeIcient is given by

kext = 1:0× 10−3
∫

Qext(x; m(#))$r2 dN=dr dr; (1)

where Qext is the Mie eIciency factor for extinction (dimensionless), r the particle radius (�m), and
dN=dr the particle size distribution (particles cm−3 �m−1). The factor 1:0× 10−3 is used to convert
kext to the km−1 unit. Qext is a function of the complex index of refraction m = mreal + imimag,
and x=2$r=# is the particle size parameter (dimensionless), where # is the wavelength (�m). Both
the real (mreal) and imaginary (mimag) parts of the complex index of refraction are included in the
HITRAN compilation for many substances.



L.S. Rothman et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 82 (2003) 5–44 31

Table 10
Indices of refraction in the HITRAN2k compilation

Substance Comments

Water (liquid) 0.65–1000 �m
Water (ice) 0.04–8 × 106 �m
Water (ice) Water ice 800–4004 cm−1 from 130 to 210 K
Liquid H2SO4=H2O Room temperature and cold temperature data
Liquid HNO3=H2O Room temperature and cold temperature data
% NAT 1.4–20 �m, nitric acid trihydrate solid Jlm at 196 K
& NAT Indices from two laboratories, at 160 and 196 K
NAD 1.4–20 �m, nitric acid dihydrate solid Jlm at 184 K
NAM 1.4–20 �m, nitric acid trihydrate solid Jlm at 179 K
aNAT Amorphous NAT solid solution Jlm at 153 K
aNAM Amorphous NAM solid solution Jlm at 153 K
NaCl Room temperature, 0.2–30 000 �m
Sea salt Room temperature, 0.2–30 000 �m
Ammonia sulfate Room temperature, 0.2–30 000 �m
Carbonaceous material Room temperature, 0.2–30 000 �m
Volcanic dust Room temperature, 0.2–30 000 �m
Meteoric dust Room temperature, 0.2–30 000 �m
Quartz Room temperature, 0.2–30 000 �m
Iron oxide Room temperature, 0.2–30 000 �m
Sand Room temperature, 0.2–30 000 �m
Aqueous HNO3=H2O Three tabulations, temperatures from room to 213 K
Aqueous H2SO4=H2O Five tabulations, temperatures from room to 200 K
Organic non-volatile aerosol Indices for burning vegetation

Scattering and absorption coeIcients, analogous to Eq. (1), are expressed by integrals that contain
the Qsca and Qabs Mie eIciency factors [158]. For an atmosphere that has particles that scatter as
well as absorb, radiative transfer in the atmosphere is described by a source function that has
both thermal emission and scattering terms [159]. Particles (both liquid and solid) complicate the
calculation and interpretation of remote sensing radiation Jelds, since particle e>ects are dependent
upon particle size (as speciJed by the particle size distribution), shape (e.g. cirrus particles are
non-spherical), composition (the wavelength dependence of the refractive index is dependent upon
composition), angular dependencies (as speciJed by the phase function of the particles), and the
scattering properties at a speciJed location (i.e., the ratio of ksca ds to the sum of the local gas and
particle optical depth).
The HITRAN database compiles indices of refraction for many particle composition types. A sum-

mary of the aerosol Jles in HITRAN2k is contained in the document located at ftp://cfa-ftp.harvard.
edu/pub/HITRAN/Aerosols/Aerosol-Readme.pdf. Additional information is in the article by Massie
and Goldman [160]. A brief listing of the Jles is given in Table 10. The aerosol Jles contain infor-
mation that identiJes the contents of the Jle (composition, wavenumber, and temperature ranges),
speciJes the original journal reference, identiJes an email contact, and speciJes the Fortran format
of the data. The data are tabulated at the resolution of the original measurements (the data have not
been interpolated to a common wavenumber grid).

ftp://cfa-ftp.harvard.edu/pub/HITRAN/Aerosols/Aerosol-Readme.pdf.
ftp://cfa-ftp.harvard.edu/pub/HITRAN/Aerosols/Aerosol-Readme.pdf.
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Fig. 4. The imaginary indices of refraction of 50% H2SO4=H2O (by weight) at room temperature [168], and cold strato-
spheric temperatures [164–166].

In some cases, data from several sources have been provided. For example, Toon et al. [161] and
Richwine et al. [162] indices for nitric acid trihydrate (NAT), measured at 196 and 160 K, are both
included in the compilation. The inclusion of both data sets allows the user to assess the di>erences
between the various measurements. These di>erences, when translated into aerosol extinction calcu-
lations, are helpful to assess uncertainties in the modeling of aerosol extinction spectra. Also, since
indices of refraction are temperature dependent, di>erences in measurements at various temperatures
may reHect actual temperature-dependent e>ects.
Discussions of the indices, present in previous HITRAN compilations, and also included in HI-

TRAN2k, are given in [1,163]. Previous compilations primarily tabulated indices at room tempera-
tures. Interest in the indices at stratospheric temperatures has been motivated by the role of hetero-
geneous chemistry in the polar regions. Liquid and solid polar stratospheric cloud particles transform
inactive chlorine into active chlorine in the polar regions of the stratosphere. Interpretation of infrared
and visible remote sensing observations of these particles requires cold temperature indices of refrac-
tion for several particle types. Liquid droplets of H2SO4=H2O incorporate HNO3 to become ternary
(HNO3=H2O=H2SO4) droplets at temperatures colder than 195 K at 20 km. The formation of solid
nitric acid trihydrate (NAT), dihydrate (NAD), and water ice particles also occurs as temperatures
become increasingly colder.
Laboratory studies during the last several years have led to the publication of indices of refrac-

tion for H2SO4=H2O droplets [164–166] and HNO3=H2O [166,167] at stratospheric temperatures.
The imaginary part of the H2SO4=H2O index for 50% H2SO4 by weight at room temperature and
temperatures near 220 K is presented in Fig. 4 for four data sets, to illustrate the current status of
the cold-temperature indices. The imaginary index is presented since the wavelength dependence of
the extinction spectrum in the infrared for H2SO4=H2O (and other particles for which the particle
size parameter x is less than unity) is closely related to the wavelength dependence of the imaginary
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index. The room temperature values of Palmer and Williams [168] are considerably less than those
of the cold temperature values. Though the cold temperature values are closer to each other in value
than the room temperature data, there are important di>erences between the cold temperature data
that need to be reconciled by additional studies.
Since the current tabulation is at discrete temperatures, the development of a semi-empirical spec-

iJcation of the real and imaginary indices for H2SO4=H2O, H2SO4=HNO3, and H2SO4=HNO3=H2O
over a range of temperature and conditions (e.g. weight percent H2SO4 and HNO3), is a desired
future goal. The accuracy of such a parameterization will of course be dependent upon the discrete
measurements, for which current di>erences were noted in the preceding paragraph.

6. Software and associated features of the HITRAN compilation

The current release of the database contains a subdirectory called Software, as shown in Fig. 1.
The installers of the software for di>erent platforms are located in this directory. Under this sub-
directory, there are two other subdirectories, which are Documentation and Generic. Below are
descriptions of the software and Jles in the Documentation and Generic directories.

6.1. HITRAN software JavaHAWKS

The suite of stand alone software included in HAWKS provides database management functions
such as Jltering, plotting, and manipulation of the HITRAN and associated molecular databases. It
does not provide atmospheric modeling, although a widely used function in the software is to create
Jles for subsequent input to radiance codes. Before the release of HITRAN96 [1], the software uti-
lized to work with HITRAN was written in the C programming language and was named cHAWKS.
Because C is platform dependent, di>erent versions of cHAWKS had to be maintained so that the
software could work on di>erent platforms such as Windows, Unix/Linux systems, and Macintosh
operating systems.
The current HITRAN software is called JavaHAWKS, which is a Java version of HAWKS. This

migration from cHAWKS to JavaHAWKS occurred after HITRAN96 [1] and marked a signiJcant
improvement in maintaining HITRAN software. Since Java is a platform-independent programming
language, JavaHAWKS is a complete cross-platform application. This makes it possible to maintain
a single source code for the HITRAN software and thus to provide the same performance for the
di>erent platforms.
JavaHAWKS provides functionality that allows the user to perform the following major operations:

(1) select data from the line-by-line or cross-section portions of the database; (2) display and print
stick plots of line intensities or energy levels; (3) directly access the HITRAN Jles located on the
HITRAN web server; (4) select and convert spectral lines from other databases, e.g. the JPL catalog
[169] and the extensive UV data Jles located at the Atomic and Molecular Physics Division of
the Harvard-Smithsonian Center for Astrophysics, into HITRAN-format Jles; (5) directly link to the
HITRAN website update page and ftp-site; (6) Jnd journal references for line positions, intensities,
and half-widths; and (7) have extensive access to the historical documentations of the HITRAN
database. Operations 1, 2, and 6 are stand alone applications which are performed on the user’s
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local machine. Operations 3, 4 and 5 require the user to have an internet connection and an installed
web browser. Fig. 5 shows some of the pull-down menu features that can be used in JavaHAWKS.
There are six Jles under the Software subdirectory. They are: (1) Win Setup.exe;

(2) Linux Setup.bin; (3) Unix Setup.bin; (4) MacOS Setup.bin; (5) MacOSX.Setup.zip; and (6)
Software-Readme. The Jrst Jve Jles are JavaHAWKS installers for di>erent operating systems. These
installation Jles of JavaHAWKS are distributed via the HITRAN ftp-site (ftp://cfa-ftp.harvard.edu/
pub/HITRAN/Software/) without charge. The Jle Win Setup.exe is for the PC, Linux Setup.bin is
for Linux, Unix Setup.bin is for any generic Unix system (e.g. Solaris, Linux, Unix, etc), Ma-
cOS Setup.bin is for any Macintosh with operating system from 8.x to 9.x, and MacOSX Setup.zip
is for Macintosh with OS X operating system. Based on the platform the user is using, a proper
installer should be downloaded from the HITRAN ftp-site. Compared to previous installers of Java-
HAWKS, these will greatly simplify the procedures of installing JavaHAWKS on the user’s computer,
especially for Macintosh users. After the completion of downloading a proper installer, depending
on the platform, the user should click on the downloaded Jle or run the downloaded Jle from the
command line. This will lead to the procedures of the JavaHAWKS installation. A description of the
installation procedures for di>erent platforms can be found in the Software-Readme Jle under the
Software subdirectory. A complete description of the software and operating instructions is given in
the JavaHAWKS manual which is located in the folder Documentation of the Software subdirectory
and is described below. The JavaHAWKS installation Jles are occasionally updated. The most recent
version can be obtained from the HITRAN ftp-site.

6.2. Documentation

A comprehensive user’s manual is provided with the JavaHAWKS software. It is designed to assist
the user in easily adapting to the manipulation of the HITRAN molecular spectroscopic database and
associated molecular databases by proper utilization of the JavaHAWKS software package. It includes
installation instructions for the Windows, Unix/Linux, and Macintosh, and a detailed description of
the capabilities of the JavaHAWKS software.
The JavaHAWKS manual, in pdf format, is provided in the Documentation folder. The user can

also access the manual within the JavaHAWKS software. The manual is located under the main
menu item HELP of the JavaHAWKS software (see Fig. 5).
The Jle ref-table2003.pdf, also stored under the Documentation subdirectory, lists the references

from journals, personal communications, or unpublished data for the line positions, intensities, and
half-widths of related spectral lines, as well as references for the cross-sections and band centers. A
comprehensive collection of the abstracts for those published references is reHected in the pdf Jle
called ReferenceTable.pdf. This Jle can be accessed from within the JavaHAWKS software simply
by clicking on ReferenceTable.pdf from the main menu item HELP (see Fig. 5). Within the pdf Jle,
clicking on the Jrst author in the reference table will link you to the corresponding abstract of the
article.
From the HELP menu of the JavaHAWKS software, the user can also access historical HITRAN

documentations dating back to the original 1973 report as well as recent HITRAN conference pro-
ceedings.
Considerable care has been exercised in identifying the original sources of data included in the

database, and in identifying the nature of the data (e.g., whether they are experimental or theoretical

ftp://cfa-ftp.harvard.edu/pub/HITRAN/Software/
ftp://cfa-ftp.harvard.edu/pub/HITRAN/Software/
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in nature). The users of the database are urged to identify the original sources of the data along with
the database itself, by following the reference pointers provided. Referencing the e>orts of authors
who contributed their data to HITRAN is essential for the continuing progress in spectroscopy
necessary to address the deJciencies that exist for many applications.

6.3. Auxiliary data Hles

There are data in the HITRAN compilation that are general in nature and hence have been placed
in tables external to the line-by-line portion of the database. One of these is called molparam.txt.
This Jle contains the abundance factors adopted from Ref. [3] for all the isotopologues in HITRAN.
The table also presents for these species the partition sum at 296 K, the state-independent statistical
weight, and the molar mass. Another external table to HITRAN is called bandcent.dat. This Jle is a
list of the bands in HITRAN (often with the band centers in wavenumbers). It is used as an input
for one of the features in JavaHAWKS that allows the user to query a HITRAN-like Jle for various
statistics and extrema of parameters. There is also a directory in the ftp-site that contains Jles for
each isotopologue in HITRAN (as well as a few additional rare isotopologues) with the partition
sums at one-degree intervals from 70 to 3000 K. The description of the calculational scheme for the
partition sums is given in Ref. [170].

6.4. Future enhancements to software

The requirements of spectroscopic applications, as well as the improvements in both laboratory
and theoretical e>orts, are mandating a change in the format of HITRAN. The next edition will
advance from the 100-character per transition record employed since 1986 to a 160-character record.
The Einstein-A coeIcient will replace the square of the transition probability and the upper- and
lower-statistical weights of the levels of a transition will be given. The format will make the quantum
identiJcations more transparent. Accuracies and references for the self-broadened half-width, the
temperature dependence of the air-broadened half-width, and the pressure shift will be given.
The software for the next edition will have many more useful features, not only for dealing with

the expanded HITRAN line-by-line and cross-section database, but also for accessing other relevant
spectral catalogs and casting them into the HITRAN standardized format. We are implementing
an internet version of JavaHAWKS that works from a server at the Harvard-Smithsonian Center
for Astrophysics. The installation process for the stand-alone version of JavaHAWKS is also being
simpliJed.
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