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ABSTRACT

TheSmithsonianAstrophysicalObservatory (SAO) maintainsa molecularline database(theSAO line
database)for the analysisof atmosphericspectrain the far infrared and longer-wave mid infrared,
from 10-800cm

� 1. This databasecombinesthebestcurrentlyavailableline parameters,including the
HITRAN1 � 2 moleculardatabase,theJPLsubmillimeter, millimeter, andmicrowavespectralline catalog3

(JPLSMM), and otheravailable measurementsand calculations. The currentversionof the database
contains154,895linesfrom H2O, CO2, O3, N2O, CO,CH4, O2 (includingthe1∆ state),NO, SO2, NO2,
NH3, HNO3, OH, HF, HCl, HBr, HI, ClO, OCS,H2CO, HOCl, HCN, H2O2, O(3P), and HO2. The
databaseis availablein bothHITRAN-type80character(SAO92)and100character(SAO92A)formats.

INTRODUCTION

Far infraredtechniqueshavenow beensuccessfullyusedin thermalemissionfrom balloon-bornestrato-
sphericspectrometersto measureatmosphericOH, HO2, H2O2, H2O (includinga numberof hot bands
andminor isotopicspecies),O(3P) atoms(in the mesosphereandthermosphere),O2, O3 (including a
numberof hot bandsandminor isotopicspecies),HCl, HOCl, HF, NO2, HCN, HNO3, anda significant
upperlimit for HBr. TheSAO FIRS-2balloon-bornespectrometer, which is configuredto take spectra
in the far infraredfrom 80-210cm

� 1, hasmademeasurementsof mostof thesespecies.FIRS-2also
hasa measurementchannelin the longer-wave mid infraredfrom 350-700cm

� 1, whereCO2, HNO3,
N2O, andH2O have beenmeasured.Theanalysisof flight spectraobtainedwith this instrumentis the
primemotivationfor maintainingtheSAO database.Our concernhasbeento performthebestpossible
quantitative analysesof theflight spectrato obtainatmosphericmeasurements,includingarigorouscon-
siderationof theeffectsof line parametersandtheiruncertaintieson theanalysis.Thisconsiderationhas
led in somecasesto laboratorymeasurementsandcalculationsspecificallyaimedat theimprovementof
line parametersin orderto supporttheanalysisof flight spectra.4

� 10

Our experiencein analyzingflight spectrain the FIRS-2 spectralrangehasbeenthat the traditional
databases,HITRAN andJPLSMM,have oftenproved inadequatefor accurateanalysisandthat, in any
case,it hasbeennecessaryto review the original literaturein orderto assessuncertainties.The SAO
databaseis thenaturaloutcomeof thisprocess.It is theresultof anongoingreview of publisheddataand
theinclusionof morerecentlaboratorymeasurementsandcalculations.As such,theworking database
is in a continualstateof change.Theversiondescribedhereis currentasof November, 1993.TheSAO
databasedoesnot includeuncertaintiesin themolecularparametersexceptfor thosethatareincludedin
transitionstakenfrom HITRAN. In theanalysisof FIRS-2flight spectra,our standardpracticeis to use
molecularparameteruncertaintiestakenfrom theoriginal literaturewhenever possible.Sincetheeffects
of line parametererrorsareusuallysystematic,the uncertaintiesfrom parametersareusuallyaddedto
the otheruncertaintiesat the endof retrieval analysis. Thuswe do not find it necessaryto explicitly
includethemon thedatabaseat this time. A summaryof thetypical spectroscopicparametererrorsfor
mostmoleculesretrievedby theFIRS-2instrument,andtheresultingeffect on theretrievals, is givenin
Table1.
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Table1: Summaryof SAO92Line ParameterUncertaintiesFor SpeciesMeasuredby FIRS-2

Mol. ∆Strength(%) ∆γ (%) ∆Mixing Ratio(%)

H2O 1-2 10-20 3-10
CO2 1-2 5-10 5
O3 1-2 10-20 3-10
N2O 1 10 8
HNO3 10 30a 10
H2O2 2 30a 2
HO2 2 30a 3
OH 1 2-10 2-8
O2 2 10-30 5-30
HCl 1 10 7
HF 1 10 7
HBr 1 30a 2
HOCl 2 30a 2

apressurebroadeningcoefficientsunknown; estimatesmaybegoodto 30%.Retrievalsareinsensitive to
thesenumbersasmaybeseenfrom the∆Mixing Ratiocolumn.

Table2 is asummaryof thedatabase,includingthesourcesof parametersfor eachspecies.Themolecule
numberingfollowstheHITRAN conventionfor molecules1-28,with additionalmoleculesdefinedas29-
36. Number35 is usedasa dummymolecule,for instanceswhereunidentifiedlinesmustbeaddedon
a temporarybasisduringthe investigationandfitting of spectra.Unlessotherwisenoted,isotoperatios
areadoptedfrom HITRAN. In several cases(notablyH2O andO3) minor isotopicandhot bandlines
areassignedseparatemoleculenumbersbecauseof possiblechangesin isotoperatiosasa functionof
altitudeandconsiderationsof non-localthermodynamicequilibrium.As in HITRAN (but notJPLSMM),
isotopicabundancesareincludedin thecatalogedintensities.Changesin line positionsnecessitatedby
observationsandfitting of atmosphericspectraarenotedin thediscussionbelow. Thepositionchanges
includedto dateareby no meansexhaustive, but arewhat have beendiscoveredduring the fitting of
atmosphericspectrafrom theSAO FIRS-2FTSinstrument.For somemolecules(CO2, CH4, SO2, NH3,
HNO3, H2CO,andHO2) wehave implementedintensitycutoffs, indicatedin Table2, in orderto control
thesizeof thedatabase.In eachcasewehave carefullychosenthecutoff sothatthelineseliminatedare
at leastanorderof magnitudesmallerin the atmospherethanour currentinstrumentnoiselimit. This
sizecriterionis basedeitheronSAO stratosphericmeasurementsof thespeciesor (in thecaseswherewe
areunableto measurethespecies,suchasSO2 or NH3) uponcalculationsusingmodeledconcentrations.

We maintainboth random-accessandsequential-accessversionsof the80-characterand100-character
databases,aswell asfiles for theindividual molecules.Thesequentialaccessversionsarewhatarenor-
mally distributedto interestedusers.Thesequentialaccessfiles areSAO92n.DAT andSAO92An.DAT,
n = 1-8. Thelinesarein 100cm

� 1 bins,where100 � n is theupperlimit, in cm
� 1, for eachfile.

2



Table2: Summaryof SAO92MolecularLine Database

Mol. Number Source Notes

H2O 1 HITRAN92 161isotopicspeciesonly.
Seetext for line positionchanges.

CO2 2 HITRAN92 Intensity(296K)
�

10
� 25.

O3 3 HITRAN92 666isotopicspecies,vibrationalgroundstate
N2O 4 HITRAN92, SAO Intensitiesfor ν2 fundamentaltransitionsfrom

J.W. C. Johns,privatecommunication,1993;
everythingelsefrom HITRAN92.

CO 5 SAO, HITRAN92 Positionsfor 12C16O fundamentalfrom TuFIRwork;12

everythingelsefrom HITRAN92.
CH4 6 HITRAN92 Intensity(296K)

�
10

� 27.
O2 7 HITRAN92, All intensitiesandpositionsarefrom JPLSMMwhere

JPLSMM available;all othersarefrom HITRAN92; all
pressure-broadening arefrom HITRAN92. Seetext for
moredetail.

NO 8 HITRAN92 HITRAN92 only goesto 100cm
� 1.

SO2 9 HITRAN92 Intensity(296K)
�

10
� 21.

NO2 10 HITRAN92, Strengthsandintensitiesarefrom JPLSMMwhere
JPLSMM available.All otherstrengthsandintensities,aswell

asall pressure-broadening arefrom HITRAN92. Intensity
(296K)

�
10

� 23.
NH3 11 HITRAN92 Intensity(296K)

�
10

� 20.
HNO3 12 HITRAN92 Intensity(296K)

�
10

� 22.
OH 13 JPLSMM,SAO All widthsarefrom theTuFIRmeasured118.455cm

� 1

measurement(includingtemperaturedependence).7

Positionsandstrengthsarefrom JPLSMMexceptfor
the118.455cm

� 1 line.
HF 14 HITRAN92, SAO TuFIRpositionsareusedwhereavailable,4 all

othersarefrom HITRAN92. Intensitiesarefrom SAO
calculationsandwidthsarecalculatedfrom thePineand
Looney measurements.16 Seetext for moredetails.
All hotbandparametersarefrom HITRAN92.

HCl 15 SAO, HITRAN92 TuFIRpositionsandSAO calculatedintensitiesare
usedup to R � 11� (theseincludequadrupolesplittings)4,
HITRAN92 valuesareusedeverywhereelse.Widthsare
calculatedfrom PineandLooney measurements16 up to
R � 10� ; HITRAN92 valuesareusedeverywhereelse.
Seetext for moredetail.
Chlorineisotoperatio= .7576/.2423.

HBr 16 SAO, HITRAN92 Positionsfor fundamentalbelow 200cm
� 1

arefrom TuFIRmeasurements;18 all otherpositions
arefrom HITRAN92. Intensitiesfor therotational
fundamentalarefrom SAO dipolemomentcalculation;
hotbandvaluesarefrom HITRAN92.
All widthsarefrom HITRAN92.
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Mol. Number Source Notes

HI 17 HITRAN92
ClO 18 HITRAN92
OCS 19 HITRAN92
H2CO 20 HITRAN92 Intensity(296K)

�
10

� 22.
HOCl 21 SAO, HITRAN92 Positionsfor most(i.e., the

strongest)linesarecalculatedfrom constantsin Ref.20;
therestarefrom HITRAN92. All intensitiesandwidths
arefrom HITRAN92.

N2 22 HITRAN92 No SAO92lines;includedfor completeness.
HCN 23 HITRAN92
CH3Cl 24 HITRAN92 No SAO92lines;includedfor completeness.
H2O2 25 SAO Only theRQ4 (94cm

� 1) andRQ5

(112cm
� 1) subbandsarelisted.These

positionsarecalculatedfrom measuredrotational
constants21, intensitiesarecalculatedfrom thedipole
moment22, andwidthsarearbitrarilysetto 0.1.
Notethatfar infraredpositionsin HITRAN92 are
demonstrablyincorrectandthatthese
Q branchesarenot included.

C2H2 26 HITRAN92 No SAO92lines;includedfor completeness.
C2H6 27 HITRAN92 No SAO92lines;includedfor completeness.
PH3 28 HITRAN92 No SAO92lines;includedfor completeness.
O3ISO 29 HITRAN92, The668and686listingsarefrom HITRAN92.

JPLSMM The667and676listingsarefrom JPLSMM
(676only goesto 139cm

� 1); widthsfor 667and676
aresetto 0.07;isotopicabundancefor 667is 0.00074;
isotopicabundancefor 676is 0.00037.

HOTO3 30 HITRAN92 HOTO3 @ 112.1909� 112.1900
HOTO3 @ 112.3404� 112.3402
HOTO3 @ 112.3611� 112.3606
HOTO3 @ 112.3930� 112.3924

O3P 31 SAO Correctedpositions23

HO2 32 SAO, JPLSMM Whereavailable,TuFIR-measuredline positionsare
used.Theseincludeall of FIRS-2measuredatmospheric
lines.All otherpositions,andall intensities,are
calculatedfrom JPLHamiltonian(H. M. Pickett,
privatecommunication).
Intensity(296K)

�
10

� 24.
H2OIS 33 HITRAN92 Minor H2O isotopomersotherthanHDO.
O2

1D 34 JPLSMM O2 � 1∆ �
DUMMY 35 Usedto make dummylines(seetext).
HDO 36 HITRAN92, Linesabove theoneat 100.4901arefrom HITRAN82

HITRAN82 (they areleft outof HITRAN92 andHITRAN86).
HDO @ 112.299� 112.298
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Following arebrief descriptionsof theparameterlistingsfor eachmoleculehaving significantlydifferent
parametersthanthoseof HITRAN92.

H2O
Theentriesfor themainisotopomerof H2O areessentiallythesameasHITRAN exceptfor four transi-
tions, including two from the (010)hot band,which fall in theFIRS-2fitting regionsfor transitionsof
othermolecules.Thesefour linesarefound to have frequencieswhich aresignificantlydifferentfrom
theHITRAN listing,whichcausesproblemsin thenonlinearleast-squaresfitting of stratosphericspectra
in theseregions.We have adjustedthefrequenciesof theselinesto matchtheir positionsin theFIRS-2
data.Basedon our ability to calibrateatmosphericspectra,andcomparisonswith lineswhosepositions
areknow to extremelyhigh accuracy (e.g.,HF andHCl), theuncertaintiesin theSAO positionsarees-
timatedto be1-2 � 10

� 4 cm
� 1, exceptat thehighestwavenumberregionwherethesignalto noiseratios

obtainablein thespectralimits thedeterminationto ca.10
� 3 cm

� 1. Thesechangescanalsobejustified
by comparingtheadjustedfrequencieswith theresultsof obtainedfrom differencesin theH2O energy
levelspublishedby Toth.11 A systematicexerciseof recalculatingtheH2O rotationalpositionsfromthese
energy levelsshouldremedymany of thesefrequency differencesandshouldbedonein thenearfuture.
To date,thechangesareasfollows:

Transition HITRAN92 SAO92 Toth
v � Q� v � � Q� �
(010) 52 � 4 (010) 51 � 5 101.3197 101.3236 101.32363
(010) 33 � 1 (010) 22 � 0 163.9602 163.9650 163.96507
(000) 107 � 3 (000) 106 � 4 178.9045 178.9071 178.90699
(000) 132 � 11 (000) 131 � 12 204.5760 204.5750 204.57432

Dueto uncertaintiesin thepressurebroadeningcoefficients,only weaktransitionsof H2O areusedfor
atmosphericretrievalswith theFIRS-2data.

N2O
Recentlaboratorymeasurements(J.W.C. Johns,privatecommunication,1993)revealeda significanter-
ror in intensitiesfor theν2 fundamentalbandof N2O in HITRAN. TheHITRAN intensitiesaresystem-
atically too high (by a few percent)anddo not includeHerman-Wallis factors,which aresignificantfor
N2O.ThedifferencesbetweentheHITRAN andJohnsintensitiesareasgreatas30%in somecases.The
estimatederrorsin theJohnsintensitiesareabout1%. Sincemostof the transitionsusedfor retrievals
from dataof theFIRS-2instrumentarein theP-branchof theν2 fundamentalband,wheretheHerman-
Wallis factorsdecreasethe relative intensities,useof the Johnsintensitiesincreasesretrieved FIRS-2
N2O mixing ratiosby about10%,whichis greaterthanthesumof all errorsfrom FIRS-2N2O retrievals
excludingline parametererrors.For thehotbands,intensitiesareleft at theHITRAN values;they aretoo
weakto beobservedin theatmosphereatpresent,andwerenotmeasuredby Johns.Becauseof thehigh
sensitivity of theFIRS-2instrumentto atmosphericN2O andthedependenceonpressure-broadening, as
shown in Table1, laboratorymeasurementof moreaccuratepressurebroadeningcoefficientsfor theν2

bandwouldbeof greatvalue.

CO
Highly accurateTuFIR measurementsof the frequency positionsexist for rotationaltransitionsin the
vibrationalgroundstateof CO.12 Theuncertaintiesfor theselinesarelessthan10

� 6 cm
� 1 for themost

intenselinesand10
� 5 cm

� 1 in theworstcasefor thelinesincludedhere.Thesearenotcurrentlyincluded
in HITRAN, but areaddedto SAO92becausethey arethe bestvaluesavailable. Thesetransitionsare
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tooweakto beobservedby theFIRS-2instrumentin theatmosphere.Vibrationalhotbandline positions
andall intensitiesandpressurebroadeningcoefficientsaretakenfrom HITRAN92.

O2

The intensitiesand frequenciesfor 16O16O have recentlybeenrecalculatedfor the JPL catalog. The
intensitiesin HITRAN werefoundto bein errorby asmuchas10%.Wethereforeincorporatethevalues
from theJPLcatalog.For thosetransitionsnot listedin theJPLcatalog,includingtheotherisotopomers,
HITRAN valuesareused. In all cases,the pressurebroadeningparametersfrom HITRAN areused.
Accuratebroadeningcoefficientsfor O2 areavailablefor only a few lines.6 A systematicstudyof these
coefficientswould be valuablesinceO2 linescanbe usedfor validationof the retrieval algorithmsfor
boththeFIRS-2instrumentandtheIROEinstrument.13� 14

NO2

JPLSMM is usedfor NO2 lines below 200 cm
� 1 for mostly historical reasons.Beforethe releaseof

HITRAN92, only transitionsbelow 100cm
� 1 wereincludedin HITRAN. We thereforehave reliedon

theJPLlisting for NO2 transitions.Higherfrequency NO2 transitionswhich agreewell in positionand
strengthwith theJPLlisting arenow includedin HITRAN (HITRAN92). All SAO92transitionsabove
580 cm

� 1 arefrom HITRAN92. The pressurebroadeningcoefficientsaresetto 0.067cm
� 1 atm

� 1 as
listed in HITRAN92. This valuehaslittle effect on atmosphericretrievals dueto the weaknessof the
atmospherictransitions.

OH
The JPLSMM positionsand strengthsare usedfor OH (except for the lines at 118.455cm

� 1) since
they aremoreaccuratethanHITRAN (2 � 10

� 5 cm
� 1 or betterfor the stronglines) andare in better

agreementwith atmosphericspectra. The TuFIR measuredpositionsfor the 118.455cm
� 1 lines are

includedbecausethey arethe bestavailablemeasurements,with uncertaintiesof 1 � 10
� 6 cm

� 1.7 The
pressurebroadeningcoefficient hasbeenmeasuredaccuratelyfor only the 118.455cm

� 1 transition.7

Thisvalueis usedfor all theotherlinessincenootherdataexists.Measurementsof pressurebroadening
parametersfor theothertransitionswouldbeof greatvaluefor theFIRS-2datasincemany linesareused
in theretrieval of atmosphericOH, all of whichshow somedegreeof saturation.

HF
Thepositionsfor therotationallinesup to R(4) comefrom highaccuracy TuFIRmeasurements.4 Addi-
tional, lower accuracy, positionscomefrom HITRAN. Line intensitiesarecalculateddirectly from the
dipolemoment,15 with asmallcorrectionsothattemperaturecorrectionof theintensitieswhichapprox-
imatesthe rotationalpartition function asproportionalto T will give the exact valueat 230 K, which
is an averagemid-stratospherictemperature.The pressurebroadeningparametersarecalculatedto be
consistentwith themeasuredvaluesof PineandLooney16 for thevibrationalfundamentalband:for the
80characterversionof thedatabase,wheretheline dependenttemperaturecoefficient,n, is not included,
n is assumedto be0.67andγ(296) is setto give the correctwidth at 230 K (theaveragestratospheric
temperature);for the100character, n andγ areexactly thevaluesfrom thePineandLooney measure-
ments. Lines not measuredby PineandLooney retainthe HITRAN pressurebroadeningvalues. The
HITRAN92 pressurebroadeningcoefficientsarenotupdatedfrom thevaluesusedin HITRAN86.

HCl
HCl is treatedin afashionsimilar to HF. HereTuFIRmeasuredpositionsupto R(11)areincluded(these
includequadrupolesplittings).4 Intensitiesarecalculateddirectly from dipolemomentmeasurements17

andincludea correctionfactorfor partitionsumsasfor HF. Pressurebroadeningcoefficientsaretreated
exactly thesameasfor HF, wherethePineandLooney measurements16 areusedwhenapplicable.
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HBr
Line positionsbelow 200cm

� 1 arecalculateddirectly from TuFIR measuredrotationalconstants18 and
intensitiesarecalculatedfrom thedipolemoment.19 All othertransitions,aswell asall pressurebroad-
eningcoefficients,arefrom HITRAN92.

HOCl
Positionsfor mostlinesarecalculatedfrom constantsobtainedfrom recentmeasurements20 which have
yettobeincludedin HITRAN. StrengthsandpressurebroadeningwidthsarefromHITRAN92. Positions
from all otherlines(J

�
50,Ka

�
6, a-typeQ-branch,and∆Ka=3 transitions)arefrom HITRAN92. These

lattertransitionsaretooweakto beobservedin theatmospherewith existing instruments.

H2O2

Wehaveincludedonly theRQ4 (94cm
� 1) andRQ5 (112cm

� 1) bandswhichhaverecentlybeenmeasured
(Ref. 21 andJ.-M. Flaud,privatecommunication,1991). The intensitiesarecalculateddirectly from
dipolemomentmeasurements.22 All theothertransitionsaretoo weakto beobservableby any current
atmospherictechnique.It shouldbe notedthat theH2O2 transitionscurrentlylisted in HITRAN92 do
notcorrespondatall with this listing, andshouldbecorrectedin thenext HITRAN release.

O3 minor isotopomers (referredto asO3ISOin database)
Theseareseparatedfrom the main isotopomerto accountfor possiblealtitudedependenceof the iso-
topomerratio in the stratosphere.The isotopomerscontainingone18O areextractedthe HITRAN92
listings.Theisotopomerscontainingone17O areextractedfrom JPLSMMsincethey arenot includedin
HITRAN92. For theseisotopomers,thepressurebroadeningcoefficientsaresetto 0.07cm

� 1 atm
� 1 (a

typical valuefor themainisotopeof O3). This valuehaslittle effect of atmosphericretrievalssincethe
atmosphericlinesaregenerallyvery weak. The isotopicabundancefor the667and676speciesareset
to 0.00074and0.00037,respectively, from theJPLSMMchoicefor relative isotopicabundances.3

O3 hot bands (referredto asHOTO3in database)
Theseareseparatedfrom the fundamentaltransitionsto accountfor any possibleeffect from nonlocal
thermodynamicequilibrium. The listings are essentiallythe sameasHITRAN92 with the exception
that thepositionsof a few lineshave beenshiftedto agreewith their observed positionsin theFIRS-2
atmosphericspectra(aswith H2O, theFIRS-2positionsareaccurateto 1-2 � 10

� 4 cm
� 1). Thediscrep-

anciesarenow very small dueto many improvementsin the O3 listings betweenthe HITRAN86 and
HITRAN92 releases.Thechangesareasfollows:

Transition HITRAN92 SAO92
v � Q� v � � Q� �
(010) 4113� 29 (010) 4012� 28 112.1909 112.1900
(010) 3414� 20 (010) 3313� 21 112.3404 112.3402
(010) 2016� 4 (010) 1915� 5 112.3611 112.3606
(010) 2715� 13 (010) 2614� 12 112.3930 112.3924

O3P
As this is not a HITRAN molecule,the listing includedherecomescompletelyfrom the literature.23

Sincethesetransitionsareweak,the pressurebroadeningcoefficientsarenot significant,anda typical
valueis used,0.05cm

� 1 atm
� 1.

HO2
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This moleculeis not in HITRAN92. Positionsandstrengthsareobtainedfrom calculationsusingthe
JPLHamiltonian(H.M. Pickett,privatecommunication),andpositionsaresubstitutedwith TuFIRmea-
surementswherethey exist (K. Chance,unpublisheddata;this includesall the linescurrentlyusedfor
atmosphericretrievalswith theFIRS-2data).

H2O isotopomers containing 17O and 18O (referredto asH2OISin database)
Theselistings are the HITRAN92 values,but have given a separatemoleculenumberto accountfor
possiblealtitudedependenceof theisotopomerratios.As with themainisotopomerof H2O,asystematic
recalculationof thetransitionfrequenciesfrom theenergy levelsof Toth24 would improve thepositions
for this listing.

O2
1∆ (referredto asO21Din database)

This is not in HITRAN92 andthereforeis obtainedfrom JPLSMM.Pressurebroadeningcoefficientsare
arbitrarilysetto 0.04cm

� 1 atm
� 1, a typicalO2 value.

HDO
HITRAN92 only containsHDO transitionsup to 100.4901cm

� 1. All of therotationalHDO transitions
above this are missingfrom every HITRAN releasesinceHITRAN82. Therefore,we appendedthe
valuesfrom this older HITRAN releaseabove 100.5cm

� 1 to our HDO listing. The positionof one
transitionhasbeenshiftedto correspondwith its positionobservedin theFIRS-2data:

Transition HITRAN92 SAO92
v � Q� v � � Q� �
(000) 73 � 4 (000) 63 � 3 112.299 112.298

DATABASE FORMATS

80 Character Database. Line positionsarenow all in the F10.6format, to keepincreasedaccuracy
above 100cm

� 1. Theformatis an“old AFGL” one(seeRef.1 for detailsonquantumnumbers):

F10.6 1PE10.3 F5.3 F10.3 2A8 2A9 4X I4 I3
a b c d e f g h

a. Position(cm
� 1)

b. Intensity(cm,at 296K)
c. Air pressure-broadening coefficient (HWHM, cm

� 1 atm
� 1)

d. Lowerstateenergy (cm
� 1)

e. Vibrationalquantumnumbers
f. Rotational,electronic,andhyperfinequantumnumbers
g. HITRAN isotopecode
h. Moleculenumber

Notethatportionsof e-garemissingfor somenon-HITRANtransitions.

100 Character Database. This is in the currentHITRAN format (seeRefs.1 and 2 for detailson
quantumnumbersandindices):
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I2 I1 F12.6 E10.3 E10.3 F5.4 F5.4 F10.4 F4.2 F8.5 I3 I3 A9 A9 3I1 3I2
a b c d e f g h i j k l m n o p

a. Moleculenumber
b. Isotopenumber(1 = mostabundant,etc.)
c. Position(cm

� 1)
d. Intensity(cm,at296K)
e. Transitionprobability(Debye2)
f. Air pressure-broadening coefficient (HWHM, cm

� 1 atm
� 1)

g. Self pressure-broadeningcoefficient (HWHM, cm
� 1 atm

� 1)
h. Lowerstateenergy (cm

� 1)
i. Coefficientof temperaturedependence,n, for air-broadenedHWHM (γ = γ0

� � 296� T � n)
j. Eitherthepressureshift (cm

� 1 atm
� 1) or line-couplingcoefficients

k. Upperstateglobalquantaindex
l. Lowerstateglobalquantaindex
m. Upperstatelocalquanta
n. Lowerstatelocalquanta
o. Accuracy indices
p. Indicesfor lookupof references

Weuseonly fieldsa-j in our “100 character”-stylefiles.

AVAILABILITY OF SAO92

TheSAO92databaseis availableusingftp, uponrequestto K. Chanceor K. W. Jucks.Magnetictapes
(9 trackor Exabytecartridges)canbefurnishedunderspecialcircumstances.
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