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0. Introduction 3. CO, update to the “strong” 2.06 pm band

(a)

2. H,0 update

Accurate retrievals of absorbing gases in remote sensing missions such as the Orbiting Carbon
Observatory 2 (OCO-2) require an accurate characterization of absorption cross sections. Systematic
errors in the spectroscopic model can lead to both spatial and temporal errors in retrieved
atmospheric composition and consequently to biases in derived flux estimates. The exacting error

budget demanded by OCO-2 necessitates a degree of accuracy in the spectroscopy that has not yet
been attained. Nevertheless, continual improvements are being made. This work highlights the latest

update to the spectroscopy models used in version 11 of the OCO-2 algorithm. These models are

Recent versions of ABSCO (v5.0 and v5.1) had used the HITRAN 2012 line list to characterize resonant absorption of
water lines. The transition to HITRAN 2016 had demonstrated a degradation in quality of fit in the weak (1.61 um) CO,
band and was therefore not adopted. Instead, version 5.2 of ABSCO has adopted a line list developed by Geoff Toon
based on a modification of his ATM18 line list [2]. The continuum model remains MT-CKD v3.2 [3]. Unlike in previous
versions of ABSCO, retrieved column abundances of water vapor using TCCON spectra were consistent between the
two OCO-2 bands that are sensitive to water. However, it was found that both ground-based and satellite-based
retrievals underestimated truth values (based on GGG 2014) by ~2%. In order to align mean satellite-retrieved water
column values with their prior, a scaling factor of 0.981 is applied to water cross sections in ABSCO v5.2.

The CO, cross sections provided in ABSCO v5.0 and v5.1 in the 2.06 ym
band were generated using a speed-dependent Voigt profile and a line
mixing model that allowed for only nearest-neighbor relaxation matrix
elements as described in Benner [4]. Additionally, the P and R branches
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were assumed to be uncoupled. This model was unable to account for the B

observed absorption between the P and R branches in atmospheric spectra.
To correct this deficiency, an empirically determined ad hoc continuum-like
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ingested by the algorithm in the form of absorption cross section (ABSCO) tables covering two CO, . . . . -

bands at 1.61 um (“weak band”) and 2.06 um (“strong band”) and the O, A-band (0.76 um). This latest BESOTRHRI Was BRCAG D RIevious Versineol ASasl. €10 a0 g0 b0 40 a0 ag0 s
update (v5.2) comprises two main changes: the adoption of a HITRAN-based H,O line list developed The figure below shows the rms of residuals for a small set of TCCON spectra as functions of airmass. ABSCO v5.2
by Geoff Toon and a new parameterization of the CO, cross sections in the strong band which utilizes shows considerable improvement over both ABSCO v5.1 (HITRAN 2012) and HITRAN 2016 for both the strong and
a full relaxation matrix representation of line mixing developed by Lamouroux. Previous ABSCO weak CO, bands. Note, however, that the improvement in the strong band is most pronounced at lower airmasses.
versions for this band assumed a nearest neighbor line mixing formulation that required an ad hoc

correction to account for “missing” absorption between the P and R branches observed in ground-

The figure above shows mean residuals for retrievals of a set of high (>4) airmass TCCON spectra. The blue/orange
curves correspond to retrievals with/without the ad hoc absorption, and the darker shaded curves are moving averages
using a boxcar width of 4 cm-1. Missing absorption is evident between the P and R branches (near 4584 cm).

ABSCO v5.2 fits to the same set of laboratory measurements as in the previous version but sets non-nearest-neighbor
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absorbing gases in the Level 2 algorithm (L2) retrieval process. They record molecular absorption
cross sections in units of cm?/mol for the gases O,, H,O, and CO, over a four dimensional grid of
relevant wavelengths, temperatures, pressures, and water vapor mixing ratios, over which cross

18. The bottom panel shows mean residuals from a set of OCO-2 ocean glint retrievals, where ABSCO 5.1/5.2 are in wavelength (um|
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