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Veth SATTM Airglow retrievals from the O, singlet delta band with CENTER FOR
cinane MethaneAIR measured spectra and MethaneSAT synthetic spectra
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Operational retrievals for MethaneSAT will use “proxy” retrievals instead of “full physics™ retrievals. A “proxy” retrieval does not
include the effect of aerosols on the light path in the forward model, it instead uses the column of another gas retrieved from a band
spectrally close to the target gas as proxy for the aerosol-induced light path changes, assuming that they are similar in the two
neighboring spectral regions. Typically, CO, has been used as the proxy species for XCH,, but the errors in the a priori XCO, can
introduce biases, especially over targets with sources of both CH, and CO,. XO, (~0.2095) is much less variable than XCO,.
However, the O, window 1s more spectrally distant from the CH, window than the CO, window, making the O, proxy more sensitive
to aerosols. For MethaneSAT, the O, window will also be affected by airglow.
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MethaneAlR first campaign took measurements over 10 research flights between 2019 and 2021. A second campaign of
measurements occurred in Fall 2022, MethaneAIR-Extended (MethaneAIR-E), with 4 research flights. The third flight campaign
happened in summer 2023 with 64 flights (MethaneAIR-X). The MethaneAIR instrument specifications are shown in Table 1. The
aircraft typically flies at ~12-14 km altitude and observed spectra are thus unaffected by the airglow emission from excited oxygen
molecules between ~ 25-75 km. During the last MethaneAIR flight (RF10, flight path in Figure 3) the spectrometer was looking
upwards to record oxygen airglow emission spectra.

The MethaneAIR sensor has 1280 spatial pixels, but only 860 are illuminated. In the results presented here we used spectra
aggregated 1n the spatial dimension by a factor 5, leading to 172 across-track pixels, there 1s no aggregation in the along-track
dimension.

We performed full physics retrievals on RF10 spectra to obtain airglow columns. The oxygen fitting window is 38.6 nm wide from
1249.2 to 1287.8 nm. Some RF10 example measured spectra are shown in Figure 4, retrieval results from the full flight are shown in
Figures 3 and 5.

We also performed a sensitivity experiment with a synthetic MethaneSAT pixel under a range of viewing geometries and surface
albedo, but without including the effect of aerosol. The synthetic spectra are generated with airglow but fitted without including
airglow in the forward model to estimate the maximum retrieval error that can be caused by airglow. Each observation condition is
processed with 100 noise realizations.

In the forward model the airglow spectra are computed following Sun et al. (2018) Equations (4) and (5). The GGG2020 linelists
(Toon and Mendonca, 2022) were used to derive absorption cross section lookup tables and the airglow emission rate lookup table.

A priori Airglow Profiles

To generate a priori airglow profiles, we derived a parametrization
using airglow profiles measured by SCTAMACHY in 2010 (Sun et
al., 2022).

100 ~

80 The measured profiles were averaged in solar zenith angle (SZA)

bins and were fitted with gaussian profiles in each bin. Then a
SZ A parametrization was derived for the gaussian mean (peak
altitude), standard deviation, and intensity. The resulting
parametrized profiles are shown in Figure 6.
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Based on retrievals with Methane AIR up-looking measurements

these profiles systematically overestimate the airglow total column
and are thus scaled by an empirical factor 0.6. The simple
parametrization does not account for the Ozone column that the
airglow density depend on. However, with the empirical scaling
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The area-mapping MethaneSAT satellite (launched March 4, 2024) will aim to estimate CH, emissions from over 80% of o1l & gas = ol UMY T E D A N \ _<§E°
production. It uses one spectrometer to retrieve CH, from a window centered at 1.66 um, and CO, from a window centered at 1.61 0.8 40 S g AT 58 w‘i:wmmtv N
um, and a second spectrometer to retrieve O, and surface pressure in a window centered at 1.27 pum (see Figure 1). MethaneAlR i1s af B ki | petmncity
the airborne simulator for the MethaneSAT satellite, its observations are used to test the retrieval algorithms that will be used to 0.6 TR i i S AT m i 51 ;"ssoum e
process MethaneSAT spectra, but also to obtain emissions estimates from o1l & gas basins in the United States. e
Figure 2: Airglow climatology from Sun et al. (2022) for the month of August, derived as the Figure 3: MethaneAIR RF10 retrieved total column of airglow.

average of retrievals from all SCIAMACHY limb observations in August 2010. The color bars
indicate the total column of airglow (left) and the column-averaged dry-air mole fraction of

airglow (XAirglow) at pressures less than 100 hPa (right). The red rectangle marks the region lell
where RF10 flew. SZA = 60.92
20 SZA = 63.62
SZA = 67.27
Table 1: Specification comparison [or MethaneAIR and MethaneSAT % SZA =70.90
Specification MethaneAIR MethaneSAT E,s- LA = 78,53
O, passband (nm) 1237 1319 1249 1305 3 R
()2 dispersion (nm/pixel) (.08 (.06 S S7A = 84.48
Oy spectral F'WHM (nm) 0.23 0.18 § 207 SZA = 86.58
CHy passband (nm) 1592-1678" 15951683 % Slf!xrla?.ﬁﬁ-
CIl4 dispersion (nm/pixel) 0.10 0.08 ¢ 45 ™
CH, spectral FWHM (nm) (.28 (.24 E | Ty
Field of view (°) 23.7 21.3 @ S |
Cross-track pixel! (m) ~ 0 at 12 km ~ 108 1.0 W .HM Ul
Along-track pixell (m) ro 25 o 4 - ———
Point spread function (pixels) 2.5 1.8 . . . . .
single pixel SNR! ~ 110 ~ 190 1240 0 avelength omy 1220

"MethaneATR uses an In(zaAs detector with reduced QF beyond ~ 1660 nm
Figure 4: MethaneAIR RF10 measured spectra, each spectrum is

"Distance between pixel centers at nadir .
'CH,4 band with nominal radiance of 1.4 x 10'% photons em 2 nm ! sec ! sr ! the average from 172x61 pixels (across-track x along-track).
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Figure S: retrieved scale factor (left) and retrieved total column of airglow (right) vs solar zenith angle. A quadratic fit to the airglow column 1s also shown.

Preliminary results indicate little spatial variability in airglow over the MethaneAIR RF10 flight path.
After removing the SZA dependence, the standard deviation of the airglow column is ~2.2e15 molecules.cm™? (~3-11% between ~60-90 SZA).

Simulated MethaneSAT O, spectra

MethaneSAT surface pressure error without airglow

Synthetic MethaneSAT spectra were simulated over a range of SZA, viewing zenith
angles (VZA), and surface albedos. Figures 7 and 8 show an example synthetic
spectrum before and after applying the MethaneSAT instrument spectral response
function (ISRF). -10;
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The MethaneSAT noise model was applied to produce 100 realizations of each

0 the retrieved scale factors are close to 1 at all SZAs. : - | . ) . o ~157
; '1 . . . . ; : observation conditions. These synthetic spectra were then fitted without including <
Excited 0, (molec.cm™3) le10 airglow in the forward model. 01
Figure 6 : density profiles of excited Oxygen (airglow) molecules obtained from .. : :
8 SNy P veen | & ) : . Results show that under the best conditions (low airmass and high albedo) the error Albedo
a parametrization of SCIAMACHY measured profiles with solar zenith angle h :ved surf . 20/ (Fi 9). Thi 1d lead 30-40 pob —25- 02
(code available on github: https://github.com/rocheseb/oxygen_airglow_lut). on the retrieved sur ac%p—reiggm 15 ~2% (Figure 9). This would lead to a ~30-40 pp oe
minimum bias in XCH,? proxy. —
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. . Simulated MethaneSAT spectrum: SZA=0; VZA=0; albedo=1.0 Figure 9: surface pressure error caused by not including airglow in the forward model. Includes
Simulated MethaneSAT spectrum: 5ZA=0; VZA=0; albedo=1.0 (albedo=0 for the airglow spectrum) 08| — oo (0,001 ) without airglow 855 simulations with SZA from 0-85, VZA from 0-40, and surface albedo from 0.2-1. At each
i 07 e oRF without airglow ‘ albedo, the bands encompass 8 lines with the different VZAs.
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