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In July 2006, HITRAN released a complete replacement for
HNO,, based on the work of Flaud et al., [2006] “MIPAS
database: Validation of HNO, line parameters using MIPAS
satellite measurements”, ACP, 6, 5037-5048, 2006

| evaluate this new HNO, linelist by using it to fit MkIV balloon
spectra and PNNL laboratory spectra. The latter are
described by Chackerian et al. JOQSRT, 82, 429-441, 2003.

[Why fit MkIV spectra, not ACE ? They are 2} times higher
spectral resolution — easier to see spectroscopic problems]



HNO, Fundamentals

HNO, has 3N-6 = 9 fundamental vibration-
rotation bands

It therefore has
* O first overtone bands
» 9x8/2 = 36 simple combination bands

Nearly all of these 9+9+36=54 bands are
discernable in solar occultation spectra

How many of these 54 bands are in HITRAN ?
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HNO, Spectroscopy Evaluation

So the July 2006 HITRAN update for HNO, covers 11/54
possible ground-state bands

 8/9 fundamentals (missing nul)

* 1/9 overtones (2nu9 only)

« 2/36 combination bands

« 4/100+ hot-bands

 1/5 single-substituted isotopologs



HNO, Spectroscopy Evaluation

How well does the July 2006 HITRAN update represent
the 11 absorption bands that it covers?

Does it make any real difference that so many HNO,
bands are missing?
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Can they be seenin
spectral fits to solar
occultation spectra ?
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HNO, 900 cm™: nu5 & 2nu,
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HNO, 1205
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HNO, 1303 & 1326 cm bands
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Bands completely missing
from HITRAN

In the nexr section we look at a few of the bands at
frequencies above 1770 cm-! that are missing from HITRAN

We evaluate their impact on the surrounding spectral region
by fitting MkIV balloon spectra acquired in the winter polar
vortex at 22-23 km tangent altitude (lots of HNO,).

We also evaluate new, kludged HNO; linelists for 3 of the
missing bands.

I am not a spectroscopist. But after waiting 23 years for the nu,
fundamental to appear in HITRAN, | decided to take action



Generating linelists for missing bands

Assume that all HNO4 bands have the same basic P-Q-R
shape with a similar ~0.4 cm-! spacing of the manifolds.

» Use the nu, band (1700 cm-?!) as template for missing bands.
» Generate a list of nu, manifold frequencies as a function of J.

» Generate a list of the center frequencies of the missing nul,
and 2nu3 manifolds (from MKIV balloon spectra)

 Fit polynomials, for the frequencies of the missing band
manifolds, in terms of the known nu2 manifold frequencies

» Applied frequency transform polynomial to entire nu2 band
linelist, generating a new linelist for the missing band

« Scale the line strengths for consistency with other bands

Works well for P & R branches, but Q-branches were a pain



HNO, 3551 cm™ nu, band
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HNO, 4006 cm nu,+nugy band
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Upper Left: Fit to MkIV balloon
spectrum at 22 km tangent altitude

Lower Left: Fit to same spectrum
with new kludged HNO; linelist

Lower Right: Fit to PNNL spectrum
using same kludged HNQO3 linelist
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HNO 2645 cmt 2nu, band
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Comparison with HITRAN 2004

July 2006 HNO, update is an improvement on HITRAN 2004
* Reduced strength inconsistencies between 900 and 1700 cm- regions
* Improved fits to the 900 and 1200 cm regions

* Introduced a J-dependent widths (900 cm region only)

But serious deficiencies remain:

 nu3 band at 1300 cm (the strongest) is still unusable (except for a
narrow section of the R-branch

« Still no lines above 1770 cm-.

e Missing the nul fundamental band at 3550 cm-!

* Missing the vast majority of overtone and combination bands,

* Missing most hot bands and all heavy isotopologs

« HNO; widths are all constant, with the exception of the 900 cm-? region



Bias between different HNO, windows

hno3_885 1.01389 + 0.00265 0.89990 £ 0.03867
hno3_1207 1.19784 + 0.00298 0.99007 £ 0.00377
hno3_1315 0.73267 + 0.00373 0.85423 £ 0.11131
hno3_1333 0.90194 + 0.00391

hno3_1707 0.95997 + 0.00780 0.89106 + 0.09930
hno3_2645 0.85650 + 0.00648 0.20866 + 0.00397
hno3_3550 0.83694 + 0.00731 0.93371 £ 0.02748

hno3_4000 1.15627 +0.01580 1.15299 + 0.00173



Conclusion

HNO, spectroscopic deficiencies are a major
obstacle to further progress in the use of solar
occultation spectra for new research into
atmospheric composition

Detection/Measurement of the following gases is
Impaired by HNO3 spectroscopic inadequacies

«S02 at 1340 cm-1

*H2CO at 1700 cm-1

*HOCI at 1230 cm-1

*HDO at 2645 cm-1

*OH & HO2 at 3550 cm-1

HF at 4000 cm-1



New HNQO, linelist

Generated a new HNO; linelist, based on the July 2006
HITRAN update, but with the following improvements:

Coalesced redundant lines (having the same freq, width, & E”),
reducing the total number of lines from 373039 to 279941

Added new kludged linelists for:

e 2nu3 at 2645.1 cm™

 nul at 3551 cm-!

 nul+nu9 at 4006.6 cm-1
These should not be used for retrieving HNO; itself. They
should only be used for fitting other gases of interest in these
regions, where HNO; Is an interferent.



Coalesce redundant lines

July 2006 HNO, update contains 3x more lines than its

predecessor. Much due to redundant lines. The excerpt
below shows two doublets (green) and a quadruplet (red).
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This slows down line-by-line calculations. To speed things
up, add the strengths and represent the doublet/quadruplet

by a single line.
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