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For H,CO this region provides the best spectral windows in the IR due to the
presence of the v, band of H,CO (CH, symmetric stretch) centered at 2783 cm™™.

This spectral region contains strong absorptions of several gases including:
CH,, HDO, N,0, 0,, H,0, CO,, HCl, H,CO



PNNL spectra of H,CO

Formaldehyde images from PNNL Although v, band of H,CO (CO stretch)
Vv centered at 1746 cmis stronger, this
1.2 2 v, &V
- L5174 regionis blacked out by H,O at low
‘.E 08 altitudes, where most H CO resides.
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The 2740-2830 cm™ region contains dozens of H,CO absorption features, all blended with
much stronger absorption from HDO, CH,, N,O etc. If these interferences are well fitted,
however, it might be possible, to nevertheless accurately infer H,CO column amounts.



CO v, band
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Spectral Fits to Kitt Peak H
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Spectral Fits to KP H,CO v, & v, bands
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H,CO Spectroscopy Conclusions

Fits to Kitt Peak laboratory spectra of H,CO reveal HITRAN 2012 an improvement
over HITRAN 2008 due to the improved width parameters of Jacquemert et al.
[2010]. This is true both in the v, band around 1745 cmand the v, & v, bands

around 2800 cm!
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A Radiative Transfer ot
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Special issue Dedicated to Laurence S. Rothman on the Occasion of his 70th Bithday.

Formaldehyde around 3.5 and 5.7-uym: Measurement and calculation of

broadening coefficients
D. Jacquemart™ " & - &8 A Laraia® F. Kwabia Tchana®>® ', R.R. Gamache®, A. Perrin®, N. Lacome® "

There are still some obvious deficiencies in the HITRAN 2012 H,CO:
* The missing v, H,3CO band with its Q-branch at 1708 cm™!
* Many lines throughout the bands have large intensity & position errors.



Examples of large residuals 2800-3000 cm™
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Examples of large residuals 2800-3000 cm™
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Examples of large residuals 2800-3000 cm™
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Examples of large residuals 2800-3000 cm™
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MKIV ground-based: HITRAN 2012
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H,CO absorption
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MkIV Balloon 30 km (HITRAN 2012)
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Strategy for improving spectroscopy

1) Fit ground-based and balloon borne MkIV solar absorption spectra

2) Examine large systematic residuals and find out which gas is responsible
3) Fit laboratory spectra of responsible gas in same spectral region:

4) Adjust spectroscopic parameters to improve fits to laboratory spectra

* From low pressure spectra adjust positions and intensities

* From air-broadened spectra adjust widths and shifts

5) Go to 1 (until all large residuals have been removed)

Although spectroscopic problems are identified from atmospheric spectral fits, the
adjustments are based solely on laboratory spectra (except for weak H,0O, O,, and N,).



Kitt Peak Lab O, spectra (HIT 2012)
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Kitt Peak lab O, spectra (ATM15)
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Peak residuals reduced from 3% to 1% by adjusting line positions. Offending O,
lines are “in resonance” and so their calculated positions are inaccurate
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Peak residuals are reduced from 4% to 1%
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MKIV ground-based: ATM 2015
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Fits to MkIV ground-based spectra using empirically-adjusted ATM15 linelist are much
better than using HITRAN 2012: 0.26% rms versus 0.40%
Main remaining problem is line-mixing from N,O Q-branch at 2798 cm'!



MKIV ground-based: HITRAN 2012
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MKkIV Balloon (ATM 2015)
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MKkIV Balloon (HITRAN 2012)
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MKIV ground- based H,CO column

H,CO column
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I\/IkIV ground-based H,CO column
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Summary

H,CO spectroscopy was evaluated using Kitt Peak lab spectra. HITRAN 2012 improved over
2008, but problem remain. No adjustments made.

Main inaccuracies in H,CO retrievals result from interfering gases (HDO, CH,, O;, N,0O)

MKIV solar spectra acquired from the ground and balloon were fitted over 2740 to 2830 cm™?
* Balloon spectra good for evaluating line positions and relative intensities
e Ground-based spectra good for evaluating widths and pressure shifts

Persistent fitting residuals were seen at several wavenumbers. Most of these same residuals
also appeared in fits to Kitt Peak lab spectra of the absorbing gases.

Spectroscopic parameters were then adjusted to improve the fits to the KP lab spectra. In the
vast majority of cases, also improved fits to the MkIV spectra. The main adjustments were:

* O, positions (resonance lines)

* CH, widths & shifts

 HDO widths & Shifts

[In HITRAN 2012, HDO shifts are currently all 0.000 in this region]

The largest remaining residuals are due to:
* Incorrect HDO vertical profile
* Neglect of Line Mixing in the N,O Q-branch at 2798 cm™



Spectroscopy Discussion



Spectroscopy Bug Website

Jim Hannigan and Eric Nussbaumer set up a Bugzilla site for reporting
spectroscopic problems. So if a user sees persistent systematic residuals
at a particular frequency, they should file a bug report.
http://acd.ucar.edu/~ebaumer/bugzilla/index.cgi

This is to be used for both NDACC and TCCON.

Unfortunately this site has seen very little use.
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eno Bugzilla Main Page g
Asi> )i s “.(9 N ¢ Lo JLO

‘ Bugzilla -~ Main Page

Home | Now | Browss | Sesct | NG 03 (7] Aecornts | Now Account | Log In | Forgot Password

Welcome to Bugzilla

Open & New
Account

Quick Search help
Buoaiia User’s Guide | Belease Notes

Homa | New | Browse | Search | [ E7TT0) (7] Reports | Now Account | Log In | Forgot Passwornd




Bugzilla -~ Log in to Bugzilia

Home | New | Bropse | S sarch | [N €779 (7) Reporss | New Account
N,

Bugzilla needs a legamate login and password 1o continue,
Logle: [ )
Password

o Restrict this session to this IP address (using this option improves security)
Log in
{Note: you should make sure cookies are enabled for this site. Otherwise, you will be required 10 log in frequently.)

i you dont have a Bugzilia account, You Can Crolo 8 naw Account. A user account is requined 10 §le a new bug of 10 Commant into existing 0Nes 5O
hat you can be contacted if more informasion is needed.
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Bugzilla - Browse

Home | New | Browse ' Search | |G €773 (7] Aoports | New Account | Log i | Forgot Password

Select a product category to browse:

Misc: For bugs/issues which do not fit into listed products.,

SFIT Core Code: This is for any bugs or issues related to the SFIT core code. This does NOT deal with the
processing environment.
SFIT Proce o sament: The SFIT processing environment are the codes which surround the SFIT core codes.

) List) Report problems/deficiencies in the HITRAN databasa, These problems will attempted to be
resolved and incorporated into a branch of the HITRAN database to be used by IRWG, called
the IRWGLL or IRWG Line List. Geoffrey Toon is main point of contact for incorporating
changes into the IRWGLL.




Bugriia - Componants for TCCON-IRWGEG Line List

Homw | Nw | rowse | Sesrch ' [ £=0) (7] Mepcrts | New Acoourt | Log In | Fomet Passwond

TCCON-IRWG Line List

Select a component to see open bugs in that Report problems/deficiencies in the NITRAN dotabase. These problerns wil atternpted fo be

component:

Components

1000 - 2000 [cm”~-1]

10000 - 12000 [cm~-11
12000 - 14000 [cm~-1]
14000 - 16000 [cm”-1]
16000 - 18000 [em~-1]
18000 - 20000 [cm”-1]
2000 - 3000 [em”~-1]
3000 - 4000 [cm”~-1]
4000 - 5000 [cm~-1]

5000 - 6000 [cm”-1]

resolved and incovporaled into & Dranch of the HITRAN dalabase 1o be used by IRWG, caffed
the IRWGLL or IRWG Line List. Geoffrey Toon is main paoint of contact for incorporating

changes into the IRWGLL.
Default Assignee
Jim Hannigan
For Issues in which the central wavenumber of the spectral fitting residuad fall between 0 - 1000 [om™ -1
Jim Hannigan
For Issues in which the central wavenumber of the spectral fitting residusd fall Between 1000 - 2000 {cm~-1]
e Hanregan
For issues In which the central wavenumber of the spectral fitting residuad fall between 10000 ~ 12000 [omA-1)
2 Hannigan
For Issues In which the central wavenumber of the spectral fitting residual fall between 12000 - 14000 [om™-1)
Jim Mannigan
For Issues in which the central wavenumber of the sgectral fitting residual fall Between 14000 - 16000 [em~-1)
Jim Hannigan
For issues In which the central wavenumber of the spectral Nitting residual fall between 16000 - 18000 [om™-1)
Jm Hannigan
For issues in which he contral wavenumber of the spectral Ning residusl fall Between 18000 « 20000 [em™~-1)
Jin Hannigan
For issues in which the central wavenumber of the spectrai fitting residual fall between 2000 - 3000 {cm~-1]
Jim Mannigan
For issues In which the central wavenumber of the spectral Nitting residus fall Between 3000 « 4000 [em~-1]
Jin Hanmgan

For issues In which the central wavenumber of the spectral fitting residual fall between 4000 - S000 [em~-1]

Jim Hannigan
For issues in which the central wavenumber of the spectral fitting residusd fall Between 5000 - 6000 [em~-1)
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