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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 red; 
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Updates in the line by line section

 Improved quality of the existing parameters

For many molecules in the database, but some are particularly important for the 

spectroscopy of the atmosphere. 

Many added bands for most species in the database

 Partition sums are (re)calculated for all species (Gamache et al.  JQSRT 271 (2021) 

107713)

 Line shapes:

VP updated form many molecules

 SDV parameterization (incl. CO2, CO, N2O)

Additional broadening by various perturbers (incl. H2O)

7



HITRAN2020 and HITRAN2016 compared at modelling the atmospheric

transmittance. Compared to high-resolution solar spectrum Baker et al.ApJ 2020

8

Figure credit: A. Baker (Caltech) 

Validations of H2O in HITRAN2020
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6Major culprit: broadening and shifts



∆ Eli Mlawer and Mike Iacono (AER)

Further Validations of H2O in 

HITRAN2020 Using TCCON
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Example: ozone improvements
• Major overhaul of the O3 line list and cross-sections from MW to UV. 

 In the region of pure rotational transitions, the values from the JPL catalogue 

were chosen

 Below 1180 cm-1 the DLR line list (which includes new broadening). 

https://dx.doi.org/10.5281/zenodo.4428825

 Above 1180 cm-1 and up to 5791 cm-1 new S&MPO line list partially described 

in Tyuterev et al., (2021) JQSRT, 272, 107801 is used except for the 2975-3205 

cm-1 region, where UCL/Paris line list is used (Jacquemartet al., (2021) JQSRT 

269, 107651) 

 Above 5791 cm-1 HITRAN2016 line list is retained for HITRAN2020

 UV cross-sections are coming from the new measurements from DLR

11https://mark4sun.jpl.nasa.gov/report/O3_Spectroscopy_Eval_2021_07_14.pdf

Detailed evaluations against laboratory and atmospheric spectra carried out by Geoffrey Toon (JPL)

MW

FIR

MIR

NIR

UV

https://mark4sun.jpl.nasa.gov/report/O3_Spectroscopy_Eval_2021_07_14.pdf


Ozone (contd..)  consistency in the IR bands
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17 Mk-IV balloon spectra, 10-37 km

Effectively the intensities  of bands in the MW, 5 and 10 µm regions are increased by 2.8-3.8%. 

While different effective scaling factors are observed elsewhere.



Figure credit: Ha Tran (LMD, Paris)

1.27 µm band 

New model based on separation of magnetic 

dipole and electric qudrupole

contributions thanks to recent data from 

Grenoble:

Konefał et al., JQSRT(2020) 241, 106653,  

Tran et al., (2020) 240, 106673. 

and NIST: 

Fleurbaey ., JQSRT(2021) 261, 107495

Example: O2
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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

Other examples include NO, NO2, OCS, HCN, HCOOH etc… 15



Validated against PNNL and other laboratory  spectra

Improved parameters, new bands, isotopologues

Naumenko data used for 

HITRAN2020 in this region
16



Improved parameters, new bands 

(e.g. C2H6)
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Non-Voigt line shapes

Hashemi et al., JQSRT(2020) 107283. 

Hashemi et al., JQSRT(2021) 107735. 

• Apart from Voigt HITRAN accommodates Hartman-Tran, SDV and Galatry profiles

• Example: every line of CO2, N2O and CO now has speed-dependent Voigt and first 

order line mixing parameters.

18 SDV and/or HT parameters are available for H2 selected transitions of H2O and O2



Nguyen et al, JQSRT,242 (2020) 106729.           

Bui et al, JCP, 141 (17) (2014) 174301             

Devi et al, JQSRT, 177 (2016) 117-144 .            

Wilzewski et al, JQSRT, 206 (2018) 296-305.     

Birk et al, 2021, JQSRT (2022)     

Daneshvar et al, JQSRT, 2014;149:258–74

Non-Voigt line shapes (CO2)

19



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/

Update of the CO2 LM package
V
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Modern structure and interface at www.hitran.org

www.hitran.org/xsc 21



Cross sections (.xsc)

Harrison (2019), JQSRT 238, 106489

Harrison (2018), AMT 11, 5827-5836

Harrison (2020), JQSRT 254, 107202

Harrison (2021), JQSRT 260, 107432

CFC-11

SF6

 Also added UV and  planetary relevant cross-sections22



Modern structure and interface at www.hitran.org

23www.hitran.org/cia



Update of the CIA section

24

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

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

O2-Air

Update to update



Referencing the original sources
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Referencing Multiple Sources
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Future Updates

• Adding continuum absorption by water vapor. Working with Eli Mlawer’s

group at AER on parametrizing both self and foreign  continuum to be 

included in HITRAN

• New trace species.  More isotopologues for existing molecules

• More bands for trace gases, especially in the FIR/TIR     

• More lines with sophisticated line shapes. The new requirements for spectral 

uncertainties have been reduced to 0.1%!

• More CIA and laboratory cross-sections (got permission to get the rest of 

PNNL). Wider temperature regimes

• Increase user engagement
28
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Model with HITEMP CH4
Model with ExoMol CH4

● Tannock et al. (2022), in press

● 1.46–2.48  μm measurements 

● T6 (1060 K) 

● R=45,000 (Gemini South/IGRINS)

● CH4 HITEMP list provides clear 

improvement for brown dwarfs models

● “Bobcat Alt A” model

RECENT UPDATES TO THE HITEMP DATABASE R.J. Hargreaves, et al.                 ISMS 2022: TC10

HITEMP FOR BROWN DWARFS

● T-class brown-dwarfs often referred to as “methane” 

dwarfs due to onset of CH4 absorption

● H and K spectral bands used for classification

▼ H band overview from Tannock et al. (2022), MNRAS, in press



RECENT UPDATES TO THE HITEMP DATABASE R.J. Hargreaves, et al.                 ISMS 2022: TC10

CO IMPROVEMENTS

● CO in HITEMP originates from Li et al. (2015)

● HITRAN2020 contained intensity scaling for some bands 

to make more consistent with modern observations

● Not carried over to HITEMP

● New ab initio data from Meshkov, et al. (2022), JQSRT

280,108090

● Positions and intensities can be used for updating 

HITRAN and HITEMP

● Improvements shown for 1-0 and 3-0 bands

● The 3-0 band comparison with very highly accurate 

experiments from Bielsja et al. (2022) Phys Rev 

Letters
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Access to different broadeners
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Broadening by H2O added for the first time

33

Already available: CO2, N2O, CO, CH4, O2, NH3, and H2S broadened by water.

Tan, et al., J. Geophys. Res. Atmos. 33 (2019) 2019JD030929
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CS2

New molecules (examples CS2 and NF3) 

 CS2 line list is based on Karlovets et al. (2020) JQSRT 258, 107275

 NF3 line list is based on Egorov et al., JQSRT(2019) 239, 106668



• The RMS values are reduced throughout the spectral regions. In particular, line 

positions are much improved. See validation with a balloon spectra below.

HITRAN

2016
HITRAN

2020

Figure credit: 

Geoff Toon (JPL)
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Ozone (contd..)  overall reduction of RMS



Accessing HITRAN with HAPI

[1] R. V. Kochanov, et al. (2016), JQSRT 177, 15.

 HAPI (HITRAN Application Programming Interface) [1]

 A free open source Python module (library) which provides a set of tools for working with 
structured spectroscopic data from different sources.

Import HAPI library

Easy command to 

download data

Embedded help (and 

tutorials)

Many more options to include 

additional parameters, filtering 

etc.

Tools for working with the data 

www.hitran.org/hapi/
36

Upcoming:

• HAPI v2.0 
• Kochanov et al. 

(2021), in prep

• HAPIEST 
• Karns et al. (2021), in 

prep


