HITRAN 2012 Water Vapor
Spectroscopy validation
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Focus here on the 4000-8000 cm™ and 13000 cm™ spectral regions used for
tropospheric measurements of H,0 , HDO, CO, N,0, CO,, HF, O,, and CH, by:
» Satellite Instruments (e.g. SCIAMACHY, GOSAT, OCO-2, TROPOMI)

* Insituinstruments (TDL)

* Ground-based solar absorption (NDACC, TCCON)

For the more abundant atmospheric gases (e.g. H,0, CO,, CH,, N,O, CO),
whose fundamental bands are saturated, the weaker overtone/combination
bands in the NIR region are better for making tropospheric measurements.

Good H,0 spectroscopy important for retrievals of all gases due to the near-
ubiquitous H,0 interference.
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Fig. 2. Flow diagram for the construction of line positions and intensities for the H,'®0 line list.



Laboratory versus Atmospheric Spectra

Atmospheric spectra are great for identifying deficiencies in the linelist, but
should not be used to remedy these deficiencies. Laboratory spectra should
be used when possible.

Exceptions to this are H,0, N,, O, where insufficient gas can be contained in a
cell to see all the lines observable in atmospheric spectra.

* In Kitt Peak laboratory spectra, the largest H,0 slant column measured at
T<25C is 1E+22 molecules/cm? (433m path at 7 Torr)

 TCCON spectra from Darwin at 87° SZA contain 3E+24 molecules/cm? of
H,O (equivalent to 40 km path at 20 Torr)

To evaluate the HITRAN 2012 H,O spectroscopy | fitted:
» Kitt Peak laboratory spectra (helps validate the stronger lines)
* Ground-based TCCON spectra (helps validate the weaker lines)
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Fit to Kitt Peak laboratory spectrum

(T=20C P=1.85 Torr, Path=433m)
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Same Kitt Peak laboratory spectrum

/spt/z940211R0.002 ¥=117.83° Z,= 0.00km o, = 0.3224% [dz= 2.611+0.0
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Fits are worse overall due to presence of a few very large residuals in 5000-5600 cm™?



Zoom into large residuals (5000-5600 cm™1)
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H,O Linelist Comparison
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6000-8000 cm™ region HITRAN 2012
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Zoom into large residuals (6900-7500 cm)
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Zoom into large residuals (6900-7500 cm™)
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Kitt Peak HDO-enriched H,O
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HITRAN 2012 Coverage Summary

log,,tIntegrated line intensities in 1 Cm_l bins} (HITRAN 2012 linelist) Page 1
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Beyond 7500 cm™, the H,0 line intensities decrease rapidly and so use atmospheric spectra.



Fit to wet Atmospheric Spectrum
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O, A-band region in TCCON spectrum
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Summary/Conclusions

General
Laboratory spectra allow validation of the stronger H,O lines (S > 10%).
Long-path atmospheric spectra allow validation of weaker H,0 lines (S > 10-%7).

Although the HITRAN 2012 H,O linelist is generally better than HITRAN 2008, there
are places where it is worse, causing large residuals in atmospheric spectral fits

If not fixed, these large H,O-related spikes/dips in the residuals bias atmospheric
retrievals based on least-squares spectral fitting, even if H,0O is not target gas.

Empirically fixing these deficiencies is time consuming (not easily automated) and
has to be re-done every time a new theoretical linelist is produced.

Specific

D,0 should be in HITRAN as the 7’th water vapor isotopolog, to facilitate fitting of
isotopically-enriched HDO lab spectra.

Need better NH, linelist in 4400 cm™ region to fit contamination in KP lab spectra.
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