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Scheme for Construction 



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

H2O  (7) NO   (3) HCl  (4) N2  (2) COF2  (2) NO+  (1) C4H2  (1) 

CO2  (12) 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) 

HITRAN2016 molecules (49) 

 HITRAN2016 line-by-line section: 



New structure and interface at www.hitran.org 



Example of creating custom output format 



Retrieved parameters with custom output 
format 



Cross-sections generated using HAPI 

Kochanov et al, J. Quant. Spectrosc. Radiat. Transfer 177, 15-30 (2016)  



CO2 update 
General approach: UCL ab initio line intensities from Zak et al 
JQSRT(2016,2017)  (except for resonance lines and unstable bands) 
with line positions derived from empirically determined energy 
levels (CDSD from IAO, Tomsk). 
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Here HITRAN= HITRAN2012 



Zoom in to strong lines 
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Laboratory validation of the 2-μm region 
Laboratory spectra from Keeyoon Sung (JPL) 

Note that linelist is supplemented with line shape parameters  
from Gamache and Lamoroux (2013) and line mixing routine of Lamaroux et al (2015),  
updated to be compatible with HITRAN2016 



Zoom in to strong lines 
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Laboratory validation of the 2-μm region 

Isotopologues 



CH4 update 



TCCON validation of the Octad band 
(prepared by Geoff Toon) 

Top Panel: HITRAN2012;  Bottom Panel: HITRAN2016 



Laboratory validation of the Octad band 

Laboratory spectra from Malathy Devi (College of William and Mary) 

HITRAN2016 (in this region)= Strong lines from Devi et al, JQSRT (2015)+  
                                                                                                     weak lines from HITRAN2012) 



Substantially improved ozone spectroscopy in the 5-μm region 
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     HITRAN2016

Update made thanks 
to SMPO 
http://smpo.iao.ru/ 
Collaboration 
between Tomsk and 
Reims 

Wavenumber/ cm-1 



Substantially improved ozone spectroscopy in the 5-μm region 

From Vladimir 
Tyuterev (Reims) 
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Example of broadening and shifting by 
different gases: H35Cl 2-0 R(5) 



 
 

Venus 
Saturn 

Li et al, “Rovibrational Line Lists for Nine Isotopologues of the CO Molecule in the X1Σ+ 
Ground Electronic State,“ ApJ. Suppl. Ser. 216 (2015) 15.  

Jupiter 

HD 189733b 

Broadening and shifting by gases dominant in 
planetary atmospheres 

Wilzewski et al, “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,” JQSRT 168 (2016) 193–206.  



Absorption cross-sections 



• HITRAN2016 update features: 
• 275 new molecules (=>325 in total) 
• 2780 cross-section (T,p)-sets in total 
• Contains categorized compounds for remote sensing, 

environment monitoring, climate applications, industrial 
pollution tracking, instrument calibration… 

• Atmospherically relevant temperature and pressure range  
•    (temperature 180-362K, pressure up to 760Torr) 
• Update contains spectra with features in near, middle and far 

infrared.  
• Measurements: 

– CRDS  (Ethane, 200 kHz resolution, Reed & Hodges. JQSRT 
2015) 

– FTS  (0.005-2 cm-1 resolution) 
– Spectra broadened by air, N2, He, and pure 

HITRAN2016 IR cross-sections  



VALUE TYPE 
CFC-12                      Acronym 
CCl2F2                      Formula 
75-71-8                     CAS 
Dichlorodifluoromethane     Name 
InChI=1S/CCl2F2/c2-1(3,4)5  InChI 
PXBRQCKWGAHEHS-UHFFFAOYSA-N InChiKey 

HITRANonline absorption cross-section search 
http://hitran.org 



HITRANonline absorption cross-section search 
http://hitran.org 





Collision Induced Absorption (CIA) 



Example of importance of CIA in atmospheric spectra 



Collision Induced Absorption (CIA) 
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Upcoming update of the CIA section 



HITRAN Application Programming Interface 
(HAPI)  



HITRAN Application Programming 
interface (HAPI) examples 



HAPI code example: modeling of C2H2 v5-
band absorption in a He+H2 atmosphere  



HITRAN Application Programming Interface 
and Efficient Spectroscopic Tools (HAPIEST)  

https://github.com/hitranonline/hapiest 



HITEMP database 



HITEMP 2010 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. and Rad. Transfer 
111, 2139-2150 (2010) 

HITRAN 2012 data for HF, HCl, HBr, HI and H2  
are suitable for use at thousands of Kelvin! 



NASA 
Ames 
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HITEMP 

 
 

TheoReTs 
             
         CH4 

HITRAN2016/ 
HITEMP2010           
CO,HF, HCl, 
HBr,HI,H2 

Data for new HITEMP 



Line parameters in HITEMP will be 
common with HITRAN wherever possible 



Direct fit approach 
• Calculate expectation values using empirical potential of 

Coxon and Hajigeorgiou J. Chem. Phys.  121, 2992 (2004) 
• Employ Le Roy’s LEVEL program. 
• Do a least squares fit to obtain Mi coefficients.  Every 

measurement is included with appropriate weight 
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• Include long-range ab initio data and create a piecewise 
dipole moment function 

  G. Li, I.E. Gordon, P.F. Bernath, and L.S. Rothman, “Direct fit of experimental ro-vibrational 
intensities to the dipole moment function: Application to HCl,” JQSRT 112, 1543-1550 (2011). 
 

G. Li, I. E. Gordon, R.J. Le Roy, P.G. Hajigeorgiou, J.A. Coxon, P.F. Bernath, and L.S. Rothman, 
“Reference spectroscopic data for hydrogen halides. Part I: Construction and validation of the 
ro-vibrational dipole moment functions,” JQSRT 121, 78-90 (2013) 



Overview of new line lists 
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Overview of 12C16O rotation-vibration line lists 

Li et al APJS (2015) 



This work 
 

2010 
HITRAN 
2012 

Goorvitch 
(1994) 

Stable isotopologues 6 6 6 6 
Maximum v″ 41 20 4 20 
Maximum J″ 150 149 94 149 
Maximum ∆v 11 4 4 3 
Temperature range (K) 1-9000 70-3000 70-3000 500-10000 
Spectral range (cm-1) 2 - 22149 3 - 8464 3 - 8464 849 - 6417 
Number of lines 752,976 113,631 4,606 113,022 
 
Radioactive isotopologues 

 
3 

 
None 

 
None 

 
None 

Maximum v″ 41 
Maximum J″ 150 
Maximum ∆v 11 
Temperature range (K) 1-9000 
Spectral range (cm-1) 2 - 21293 
Number of lines 376,488 

Summary comparison of CO rotation-vibration 
line lists 



Example of validation of line-lists for 
inclusion into HITEMP 



Comparison with PNNL cross-sections 



Comparison with Esplin et al (1998) high 
temperature measurements 



Comparison with Esplin et al (1998) high 
temperature measurements 



48 

►More bands and isotopologues for line-by-line; Improved 
accuracy 

►Continue Refining line-shape parameters 

►Additional line-mixing algorithms 

►Additional Temperature-pressure sets of cross-sections (now with 
more UV) 

►Additional high-temperature parameters (for HITEMP) 

►Molecules for astrophysics applications 

► More Collision-Induced Absorption bands as they become 
available 

Improvements and enhancements to the 

compilation being considered 



Next HITRAN/ASA Meeting 
June 13-15, 2018 

Harvard-Smithsonian  
Center for Astrophysics 

Cambridge, MA 
http://hitran.org/conferences/hitran-15-2018/ 
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Pros and Cons of Experimental Data 

• Advantages 

• Low uncertainty in determining parameters of relatively 
strong unblended lines 

• Direct observation of perturbations which often hard to 
account for with theoretical methods 
 

•  Disadvantages 

• Large uncertainty in determining parameters of weak or 
saturated lines 

• Sensitivity to impurities and congested spectra 

• Difficulties in controlling the conditions 

• Difficulties in covering large spectral and dynamic ranges 
simultaneously 



Intercomparison of experimental measurements of 
water lines air-broadening in different laboratories 



Intercomparison of experimental data 

Gordon et al, JQSRT 108 (2007) 389–402 



Pros and Cons of Theoretical and Semi-
Empirical  Data 

• Advantages 
• Completeness, i.e. prediction of parameters that could 

not be measured by experiment  

• Can be easily adjusted to match high quality 
experiments 
 

•  Disadvantages 
• Rarely can compete with experimental uncertainty  

• Sometimes the model is oversimplified 

• Semi-empirical methods often lead to large errors 
when used for extrapolating the data 
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