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The Optical Enviranment Division of the Air Force Geophysics Laboratory has been engaged throughout its history in the
development of computer codes and databases to facilitate spectral medeling of almospheric fransmission and radiative
processes. Major updates to the computer codes have recently been made available: FASCODES (for high resolution
lina-by-line calculations), LOWTRANT (moderate resolution band-model code), and MODTRAN (an intermediate
resclution band-medel code). In addition, a new edition of HITRAN, the spectroscopic molecular absorption dalabase,
has becoma available. HITRAN now contains greatly improved data for 30 molecular species from zero wavenumber
through the visiole region. There are alsc numerous bands of species such as the chlorofiuorocarbons centained as cross-
seciion data on the HITRAN compilation. These models and database have a significant impact on spectral simulations
and remote sensing capabilities. This paper will reviewthese recent developments and present some examples of curren!

applications.

Introduction

Soon after the second world war, advances in the tech-
nelogies of infrared delectors and the development of
digital computers made it feasible to consider automated
calculations of atmosphearic transmittance and radiance.
The U.S. Air Force at the Cambridge Research Laborato-
ries {now the Geophysics Directorate) commenced with a
long-standing program to develop codes and databases
for these needs, The codes have evolved in two paths: a
band model appreach and a line-by-line approach. The
former has given rise to the family of programs called
LOWTRAN and eventually MODTRAN,

LOWTRAMNT, the current edition, covers the speciral
region from the microwave to the ultraviclet and provides
almospherictransmitiance orradiance ataresolution of 20
em-', Itis a rapid pragram that has been in cperation fora
long time. The physics is based on a cne-parameter band
model and limitations are operation below 50 km and loss
of small-scale spectral character.

MODTRANIs arecent codewhich is similar to LOWTRAMN,
but has an order of magnitude better resclution and uses
a two-parameter band model based on pressure and
temparature. The spectral and altitude ranges are similar
to LOWTRAN.

FASCODE (Fas! Atmospheric Signature Code) attempts
to use the correct physics in a line-by-line treatment of the
molecular absorplion. ltuses the correct line shape through
the different pressure regimes of the atmoesphere, and now
allows for non-local thermodynamic equilibrium (thereby
being wvalid at higher altiludes than LOWTRAN or
MODTRAN). FASCODE employs clevercomputer methods
to allow for a rapid construction of the absorption line
shape and the merging of layers of the atmosphere.
MNonetheless, itis slower to run than the band model codes
which have built-in molecular absomption, All of these
codes share basically the same algorithms for geometry,
scaftering, default aimospheric profiles, continua, asrosals,
instrumental scanning functions, and filter functions.

Commaon in one way or another to all these codes |s the
HITRAN molecular database. HITRAN is a compilation of
quantized molecular transitions from the microwave through
the visible region of molecular bands that contribute to
absorplion or emisgion in the aimeosphere. HITRAN must
accompany the line-by-line codes as input; the band
maodel codes now base their molecular absorption bands
on HITRAN, using pre-compuied bands fitted to one- or
two-parameter models whose coefficients are stored with
the codas. In this papar, we shall focus on the evolution of
the HITRAN database.
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HITRAN91 and Beyond

The original database, which appeared publicly on mag-
netic tape in 1973, contained information for seven infrared
active gases (H.0, CO,, O, NO, CO, CH,, and O,). The
spectral range at that time was from about 1 to 100
microns, and the parameters contained for each of the
abouf 100,000 transilions were the fundamental ones
required for computing transmission via the Lambert-
Bears exponential law of attenuation, namely, the line
positioninwavenumbers (cm*), theline intensity, the lower
slale energy, and the air-broadened halfwidth. Since that
time the database has expanded substantially. By the
release of the edition of 1986 {Rathman et al, 1987), one
experienced an increase in the spectral range, the number
of molecular species and their isclopic variants, and in the
number and accuracy of the parameters, The current
edition (Rothman et al. 1992) became available in March
1997; Table 1 summarizes the species present in 1991,

In Table 1, the third column includes pure rotational and
vibrationally excited pure rotational bands (in the submilli-
meter reglon), vibration-retation bands, and some vibra-
lion-rotation bands between different electronic states (for
example, oxygen). Most of the transitions are caused by
electric dipale Interaction with the radiation field. However,
there are some electric quadrupole and magnetic dipole
transitions as well (nitrogen and oxygen). The number of
bands includes contributions from the different isolopic
variants in the table, and nodistinction is made for strength
ar weakness in the summary of Table 1.

The effort toward developing improved parameters is to
reduce errors in remote sensing retrievals, Deficiencies in
our ability 16 fully medel transitions that are significant in
leng atmospheric paths, such as for ozone or some of the
trace constituents, has been an enduring problem. Mever-
thaless, the molecular database and lhe transmission
codes are evolving and improving. There iz a periodic
international convening of developers of the high resolu-
tion codes under a warking group of the Internaticnal
Radiation Sympasium {IRS) called the Intercomparison of
Transmittance and Radiance Algarithms (ITRA) {IRS 1983).
These meetings have gone a long way in improving codes
such as FASCODE and presenting directions for the future
ofthe codes. Similarly, there is asubgroup of the IRS called
Atmaespheric Spectroscopic Applications (ASA) which has
concentrated on development of the database and model-
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ing efforts such as continua, line shape, non-LTE phenom-
ena, line-coupling effects, eic. In addition, a biennial meet-
ing is held specifically on the molecular database at the
Geophysics Directorate. The goals have been to identify
deficiencies and to bring forth new improved experimeantal
obsarvations and theoretical calculations.

The advance of computer analytic power and the wider use
of Faurier Transform Spectrometer (FTS) technigues have
coupled to bring major advances to HITRAM. Forexample,
the efforts of the group in Paris of J.-M. Flaud have made
significant advances to the parameters of asymmetric
roter melecules which play a predominant role in the
atmasphera.

The HITRAN'31 (Rothman et al. 1992) has substantial
improvement of HZD, CO,, 0, CH,, NQ,, HNQ, aswellas
refinements for most of the other species. In addition, the
new species of COF, and 5F_have been added, both seen
inthe almosphere with strang abscrplion features. H_ S will
be added to the next edilion (particularly important be-
cause of recent volecanic activity).

Chlarofluaracarbons (CFCs) and oxides of nitrogen are
examples of another direction HITRAN has taken. Be-
cause of the dense spectra for these heavier gases, it has
so far been with a few exceptions, impossible to represant
them in the discrete parameterized format as for the
molecules represenied in Table 1. The approach taken
has been to use digitized high-resclution experimental
data (McDaniel et al, 1991 Massie et al. 1985; Ballard
et al, 1988). The latestdatabase has many ofthe important
bands observed at six different temperatures that span
rapresaniative values for the earth's atmosphere (see
Table 2), The lalest generation of cedes, such as
FASCODE3, make use of this information and can prao-
duce guasi-quantitative simulation of almespheric pro-
files. Fulure refinements should include representative
pressures as well, in order to better mode| effects such as
ling-coupling on the band contours.

These updates have had a strong impact on remote
sensing capabilities. The ozone parameters (Flaud et al.
18890) in parlicular have been a major improvement, An
example oftheimprovement from the 198610 1991 HITHAN
can be seen in Figures 1 and 2. The upper frace is a
simulation using HITRAN'86 (Hothman et al. 1987); the
middle trace is a simulation with HITRAN'91 (Rothman
et al. 1992); and the bottam trace is the absarvation, a high
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Table 1. Molecular Species in HITRANM

Number Number

Specia Isotopes of Bands of lines

H,O 4 134 48,523
co2 g 592 60,652
0, 3 78 168,881
N.C 5 140 24125
co 5 a1 3,600
CH, 3 48 46,971
oz 3 18 2,254
NO 3 13 7,385
SO, 2 7 23,659
NO, H 8 26,296
NH, 2 g 5.817
HNGj 1 13 143,021
OH 3 27 B.676
HF 1 ] 1,07
HCI 2 17 3
HBr 2 18 398
HI 1 g 237
cIo 2 8 6,020
ocs 4 & 73y
HQCD 3 10 2,702
HOCI 2 6 15,565
N? 1 1 117
HCN 3 a ir2
CH,CI 2 8 6,687
H,0, 1 2 5,444
C.H, 2 9 1258
CH, i 2 4,749
PH3 1 2 2 BB6
COoF2 1 3 18,242
SF, 1 1 11,620
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Table 2. Cross Section Data in HITRAN

Spectral Number Mumber
Specie : Range of T of pte/T
CCLF (CFC-11) B30 - BED & 2023
1060 - 1107 B 31648
CCLF, (CFC-12) BEY - 937 B 4718
1080 - 1177 6 6 539
CCIF, (CFC-13) 765 - 805 & 2696
1065 - 1140 g 5056
1170-1235 5 4 382
C,CLF, (CFC-113) 7805 - 995 6 430
1005.5 - 1232 6 454
C2CLF, (CFC-114) 815- 860 g 3034
a7yo - 960 6 6 DBT
1030 - 1067 6 2454
1085 - 1285 & 12 BOB
C,CIF, (CFC-115) 955 - 1015 6 4044
1110- 1145 & 2 3680
1167 - 1259 B 6269
N,O, 555.4 - 599.8 4 93
7203 -764.7 4 93
12101 - 1274.8 4 135
1680.2 - 1764.6 4 176
CIONO, 740 - 840 e 10371
1240 - 1340 2 1400
1680 - 1790 2 1 540
HME, 770 - 830 1 5476
CHCI, (CFC-21) 785 - 40 1 5020
CCl, 786 - BOG 1 1826
CF, (CFC-14y 1255 - 1290 G 2358
CHCIF, (CRC-22) 780 - 1335 & 11 7598
HNO, ™ 1270 - 1350 1 7am

() Omitted from HITRAN'GY, added 10 HITRANS2
(b} Duplicated on high-resolution partof HITRA&NS
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Figure 1. Simulations of University of Denver balloon-borne
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Flgura 2 Simulations of Uiniversity of Denver balloon-borma
specira in the 1726.5-1727.0 cm-' Region.
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resclution balloon-borne FTS flown by the Univarsity of
Denver.™ The plots have been offset for better viewing. In
these regians, the major advance is due to the improved
HNO, parameters. For H,O, similar results have been
reported in this spectral region, and for the near infrared
and visible regions.

Conclusion

HITRAN is continually evalving to better meet the reqguire-
ments of a diverse group of uses: remote sensing of the
atmosphere, planetary atmospheres, energetically dis-
lurbed almospheres, combustion procasses, detection of
radiant sources through the intervening atmosphere, pol-
lution menitering, and global climaie change maonitoring.
As new instruments in different spectral regicns become
oparational, HITRAN endeavers lo provide the param-
etars necassary for thess tasks.

Recently, error criteria have been added to HITRAN, Itis
hoped that sensitivity studies will be made to better show
the effects of the errars on particular simulations. The next
version of the database will be available on beth floppy
diskettes in compressed form and optical diskettes (for-
merly the databases were available only enlarge magnetic
tapa). The direction is clearly for PC arientation. The user
will have available more powerful tools to rapidly access
subsets of dala, plot data, and perform various preliminary
analyses, Supplemenial setz of molecular data will alsc be
accessible, A new edition is expected in the beginning of
1882; this edition will also incorporate numerous improve-
ments to molecular bands that were highlighted in the las!
HITRAMN database conference.

One must emphasize that the HITRAN prejectis the result
of the efforts of many researchers threughout the world,
The megabytes of data result from the often thankless
work of numerous spectroscopists analyzing, identifying,
calculating, and painstakingly measuring thousands of
spectral lines in laboratories and in the field.

{a) A.Golaman. University of Denver. Private Communication. 1991
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