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Molecules (isotopologues) in the line-by-line portion of HITRAN

H2O (7) SO2 (4) HI (2) H2O2 (1) HO2 (1) CH3CN (1) COCl2(2)

CO2 (12) NO2 (2) ClO (2) C2H2 (3) O (1) CF4 (1) SO (3)

O3 (5) NH3 (2) OCS   (6) C2H6 (3) ClONO2 (2) C4H2 (1) CH3F (1)

N2O (5) HNO3 (2) H2CO (3) PH3 (1) NO+ (1) HC3N (1) GeH4 (4)

CO (6+3) OH (3) HOCl (2) COF2 (2) HOBr (2) H2 (2) CS2 (4)

CH4 (4) HF (2) N2 (2) SF6 (1) C2H4 (2) CS (4) CH3I (1)

O2 (3) HCl (4) HCN   (3) H2S   (3) CH3OH (1) SO3 (1) NF3 (1)

NO (3) HBr (4) CH3Cl (2) HCOOH (1) CH3Br (2) C2N2 (1)

HITRAN2020 line-by-line section (55 molecules)

Molecules for which the line lists were updated/extended with respect to HITRAN2016 are in bold

New molecules or increased amount of isotopologues for existing molecules are highlighted in blue; 
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Scheme for Construction
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Modern structure and interface at www.hitran.org
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www.hitran.org/hapi



Improved parameters, new bands, isotopologues

(e.g. SO2)

Naumenko data used for 

HITRAN2020 in this region

 Significant increase in the spectral coverage vs 

HITRAN2016

 Principal isotopologue IAO Tomsk 

Naumenko et al. (in preparation)

 Minor isotopologues NASA Ames, 

Huang et al. JQSRT (2019)

Validated against PNNL and other 

laboratory  spectra

Other examples include NO, NO2, OCS, HCN, HCOOH etc…
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CS2

New molecules (example SO) 

Line list is based on Martin-Drumel, et al., ApJ. 799 (2015) 115 

and Bernath et al. JQSRT. 272 (2021) 107772. 

a1∆-X3∑-(0,0)
b1∑+-X3∑-(0,0)
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New molecules (example CS2) 

 CS2 line list is based on Karlovets et al. (2020) 

JQSRT 258, 107275



Major update of CO2

Part I: line positions and intensities
Karlovets et al., JQSRT(2021) 107896. 

▹ Extended spectral coverage
▹ Improved quality in different bands 

based on state-of-the-art 
experiments

▹ Addition of magnetic dipole line 
based on Martian and laboratory 
spectra



A) Every line of CO2 now has both 
Voigt and speed-dependent Voigt 
parameters for both air and self 
broadening. 

B) The line mixing package for CO2

was updated. The approach by 
Lamouroux et al. (2015) is used for 
predicting the line-mixing effect in all 
the bands of CO2 either accounting 
for the full line mixing (W)or the first-
order approximation (Y):

1)  VP+ first order LM

2)  VP+ full LM

3)  SDV+ first-order LM. This Fortran 

package is available at 

HITRANonline: 

https://hitran.org/supplementary/

Hashemi et al., JQSRT(2020) 107283. 

Major update of CO2

Part I: line shape parameters
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Adding “planetary” broadeners to HITRAN

In parentheses 

broadeners that were 

already added for every 

line of these molecules in 

HITRAN



Appreciable effect on opacities



Access to different broadeners
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Best case scenario (CO example)



SO2 example (from worst case to “good” case)
Before our original effort in Wilzewski et al. JQSRT (2016) only one line of SO2 broadened by CO2 was ever 

measured (Krishnaji and Chandra, J. Chem. Phys., 38 (1963) 1019).

For the lack of more measurements a ratio of this line’s CO2-broadening coefficient to the corresponding H2

broadening coefficient. That ratio was then applied to the entire H2-broadened dataset, which was based on a 

far more complete dataset. 

Our call for new measurements and calculations have inspired number of new works resulting in a more 

comprehensive dataset for HITRAN2020:

Experiments Borkov et al. JQSRT (2019);

Ceselin et al. JQSRT (2017)

Semi-empirical Dudaryonok & Lavrentieva

JQSRT(2018)





Modern structure and interface at www.hitran.org
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Modern structure and interface at www.hitran.org
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Update of the CIA section

21

Karman, et al., "Update of the HITRAN collision-induced 

absorption section", Icarus 328 (2019) 160-175. 

CO2-CO2 CIA in HITRAN2020. Data beyond 

400 cm-1 are based on measurements from 

Baranov et al. (1999-2018) and new with respect 

to HITRAN2016



Development of HITRAN2020 was supported through the NASA 

grants: NNX17AI78G, NNX16AG51G, 80NSSC20K0962, 80NSSC20K1059.
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Referencing the original sources
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Referencing Multiple Sources

26



T=303.15 K

P=0.02 atm

Bottom figure shows a 

zoom in image



Upper Panel PH3 is 

broadened by H2 

and He

Bottom Panel 

shows both SO2 

and PH3 

broadened by 

CO2

The PH3-CO2 broadening 

values are the same as NH3-

CO2 broadening. 

For the PH3 J = 1-0 line the 

CO2 broadening value is 

0.2862 cm-1/atm

T=303.15 K

P=0.02 atm



The top figure shows the amount of PH3 to match the 

SO2 line

The bottom figure shows the amount of PH3 and SO2 in 

the Venusian atmosphere under the conditions of the 

atmosphere at 60-65km [as taken by various sources]

T=263 K

P=0.15 atm


