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Overview

Brief introduction to the HITRAN2016 database

 Downloading data

 HAPI

 Additional parameters

Outline of latest additions for foreign broadening parameters 

 Of relevance to planetary/exoplanetary atmospheres

 H2, He, CO2, H2O broadening

The future of HITEMP

 Of relevance to exoplanet observations

 Proposed summary for data to be collected

 Example for N2O



Current HITRAN Database

54 authors from 30 laboratories worldwide

67 pages, almost 650 references
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The HITRAN 
community is 
much larger 

than the 

author list!



 Line-by-line (high precision) : HITRAN2016 molecules (49 molecules)

Brief overview of HITRAN

 Absorption cross sections : (~320 molecules, with ~2000 experimental cross sections!)

 Primarily from the PNNL database [1] and the Hodnebrog review [2].

 HAPI (the HITRAN Application Programming Interface) [3]

 A free open source Python module (library) for working with HITRAN data.

 Aerosol Properties

 Collision-Induced Absorption (CIA) [1] S. Sharpe, et al., (2004), App. Spectrosc. 58, 1452.

[2] Ø. Hodnebrog, et al. (2013), Rev. Geophys. 51, 300.

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

Species (isotopologues) in line-by-line portion of HITRAN

H2O  (6) NO   (3) HCl  (4) N2 (2) COF2  (2) NO+ (1) C4H2 (1)

CO2 (10) SO2 (2) HBr  (4) HCN  (3) SF6 (1) HOBr (2) HC3N (1)

O3 (5) NO2 (1) HI   (2) CH3Cl (2) H2S  (3) C2H4 (2) H2 (2)

N2O (5) NH3 (2) ClO  (2) H2O2 (1) HCOOH (1) CH3OH (1) CS (4)

CO   (6) HNO3 (2) OCS  (5) C2H2 (3) HO2 (1) CH3Br (2) SO3 (1)

CH4 (4) OH   (3) H2CO (3) C2H6 (2) O (1) CH3CN (1) C2N2 (1)

O2 (3) HF  (2) HOCl (2) PH3 (1) ClONO2 (2) CF4 (1) COCl2(2)

Credit: Y. Tan
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Accessing HITRANonline
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www.hitran.org [1] C. Hill, et al., JQSRT 177, 4 (2016)
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Accessing HITRANonline
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C. Hill, et al., JQSRT 

177, 4 (2016).



Accessing HITRAN with HAPI

www.hitran.org/hapi/
[1] R. V. Kochanov, et al. (2016), JQSRT 177, 15.

 HAPI (the 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 



Broadening, temperature dependence & 

pressure shifts in planetary atmospheres
Credit: I. Gordon

Foreign 

broadening 

gas

Gas being 

broadened

HITRAN contains 

self- and air-

broadening 

parameters for 

all line-by-line 

molecules



Broadening, temperature dependence & 

pressure shifts in planetary atmospheres

[1] J. S. Wilzewski, et al. (2016), JQSRT 168, 193.

0 = No data available

1  = Few data available

2  = Some measurements available 
allowing semi-empirical extrapolations

3  = Relatively complete set of 
measurements and/or calculations 
available at least at room temperature
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 A consequence of dominant gases in planetary atmospheres

 PART 1: This work has recently expanded for H2, He and CO2

γ = Broadening coefficient (Lorentz)

n = Temperature dependence:

δ = Pressure shifts



Broadening calculations with HAPI

See: “H2, He, and CO2 line-broadening coefficients, pressure shifts and temperature-dependence exponents for the 

HITRAN database. Part 1: SO2, NH3, HF, HCl, OCS and C2H2” 

J. S. Wilzewski, et al. (2016), JQSRT 168, 193.

 Example of modelling the C2H2 ν5 band absorption in a He+H2 atmosphere
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 PART 2: This work has recently expanded for H2, He and CO2

 Includes line broadening coefficients (γ), temperature dependence exponents (n) and 
pressure shifts (δ)

 CO2, N2O, OH, H2CO, HCN, H2S

 “H2, He and CO2 Line-Broadening Coefficients for Molecules in the HITRAN Database. 
Part II: CO2, N2O, H2CO, HCN, H2S, OH” 

S. Samuels, Y. Tan, R. V. Kochanov, L. S. Rothman, I. E., Gordon, in preparation

Broadening, temperature dependence & 

pressure shifts in planetary atmospheres
Credit: S. Samuels



What about water?

 Water vapor is a very efficient broadening gas

 Compared to N2 and O2

 For the Earth’s lower atmosphere water vapor is highly variable

 Some rocky exoplanets have been predicted to have “steamy” atmospheres

Credit: Y. Tan

Simulated effect of water broadening of CO2 and CH4



What about water?

 H2O broadening coefficients of CO2, O2, CH4, CO, NH3, N2O and H2S

 Example for CO2:

Polynomial function in the quantum index m:

𝛾 𝑚 = 𝑐0 + 𝑐1 ∙ 𝑚 + 𝑐2 ∙ 𝑚
2 + 𝑐3 ∙ 𝑚

3 + 𝑐4 ∙ 𝑚
4 + 𝑐5 ∙ 𝑚

5

Credit: Y. Tan

Data Availability in Table:

 0 = No data available;

 1 = Few data available,

new HITRAN file contains mostly averages;

 2 = Some measurements available, allowing semi-

classical extrapolations;

 3= Relatively complete set of measurements or

calculations available - at least for room

temperature.

Y. Tan, I. E., Gordon, R. V. Kochanov, L. S. Rothman, in preparation



Current HITEMP

 High-Temperature Molecular Spectroscopic Database

 L.S. Rothman, I.E. Gordon, R.J. Barber, H. Dothe, R.R. Gamache, A. Goldman, V. 
Perevalov, S.A. Tashkun, and J. Tennyson, J. Quant. Spectrosc. Rad. Transf. 111, 2139-
2150 (2010)

www.hitran.org/hitemp/



Current HITEMP

 Line-by-line data is at 296 K like HITRAN

 Currently only five molecules:

 HITRAN2016 data for HF, HCl, HBr, HI and H2

 Also suitable for 1000’s of Kelvin

 TIPS up to 9000 K for some molecules

 Line parameters in HITEMP will be consistent with HITRAN 

 Where possible

Molecule
Spectral Coverage 

(cm-1)

Number of 

Isotopologues

Number of 

Transitions

H2O 0 – 30,000 6* 111,241,164

CO2 5 – 12,785 7 11,193,608

NO 0 – 9,274 3* 115,610

CO 0 – 8,465 6 113,631

OH 0 – 19,268 3* 41,557

*only principal isotopologue

www.hitran.org/hitemp/



Proposed data for HITEMP

LTS 

Tomsk

NASA 

Ames
ExoMol Bernath

TheoReTs HITRAN2016

& HITEMP2010
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N2O for HITEMP

 Available NOSD-1000 from LTS 

Tomsk group:

Cross sections calculated using HAPI

 Noticeable 

differences

 PNNL

 HITRAN2016

 Band intensity 

was corrected

- PNNL 
- HITRAN2016
- NOSD296 K



N2O for HITEMP

 Recalculated by S. A. Tashkun

 @ 296 K

 @ 500 K

 @ 1000 K

 Updated line list for HITEMP

 >1.0x10-26 cm molecule-1

 At all temperatures

 HITRAN replacements

Cross sections calculated using HAPI

296 K
- HITRAN2016
- NOSD

- HITRAN2016
- NOSD UPDATED



N2O overview for HITEMP 

NOSD  intensities @ 1000 K

 3,499,523 transitions

 32,113 replaced from HITRAN2016 (0.9 %)

 Remain consistent

 All parameters replaced

 Except vibration/rotation notation

 Remains consistent

 Valid for temperatures up to1000 K



800 K

 High temperature 

comparison

 M. P. Esplin et al. 

Mikrochim. Acta 2,       

403 (1988)

 Calculated using HAPI 

tools

 R. V. Kochanov et al. JQSRT
177, 15 (2016)

NOSD  

@ 800 K

HITRAN 

@ 800 K



Summary

 HITRAN freely available online

 Line-by-line data and cross sections available (among other information)

 HAPI Python libraries to download

 Easy to work with HITRAN data

 Broadening, temperature dependence and shifts parameters are being 

updated for foreign broadeners relevant to planets/exoplanets

 Numerous molecules

 Work towards the next HITEMP update underway!

 Expected… 2019

 Some molecules easier to validate than others

 More high temperature measurements needed for validation

 Data will be relevant for hot exoplanets

 Further molecules will be added in secondary update

www.hitran.org
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