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Supplementary Information

S1 CrIS spectral residual analysis

The CrIS spectral residuals used here and plotted in Fig. 2e were processed with the MUIti-SpEctra, MUItiSpEcies, Multi-
SEnsors (MUSES) algorithm from the TRopospheric Ozone and its Precursors from Earth System Sounding (TROPESS)
project. The MUSES algorithm leverages over 20 years of heritage from the Aura TES optimal estimation algorithm. The
residual strategy employed here differs from that of the standard TROPESS CrIS processing: standard processing aims to
estimate the optimal abundance for relevant absorbers, whereas the goal for this work is to remove non-target absorber signals.
Following the standard initial guess refinement for clouds and surface temperature (Bowman et al., 2021), a joint retrieval for
H>0, CO», O3, NH3, PAN, HDO, N>0, CH4, cloud properties, surface temperature, and atmospheric temperature is performed.
The radiative transfer also accounts for fixed climatological SO2, HNOs, OCS, SFs, HCOOH, CFC-11, CFC-12, and CCls
profiles. Spectral windows span 650 to 1750 cm™, with gaps where radiances do not fit well (e.g., due to spectroscopic
uncertainties). Following the joint step, cloud properties, surface properties, and atmospheric temperature are fixed, and PAN

is retrieved between 780 and 790 cm! (with a 783.125-786.250 cm™ gap to window around water interferences). Next, ozone
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and ammonia are updated using windows between 923.125 and 1317.5 cm™. Finally, the spectral residual is calculated for the
full CrIS LWIR band (650-1095 cm™), accounting for H>O, HDO, CO2, O3, N2O, CHa, SOz, NH3, HNO3, OCS, SFs, HCOOH,
PAN, CFC-11, CFC-12, and CCla.

S2 GEOS-Chem CTM

We use the GEOS-Chem 3D chemical transport model (CTM) to generate the VOC profiles used as ANN input in the ROCRv2
retrievals, and to interpret the resulting CrIS observations. The model (13.2.2; https://doi.org/10.5281/zenodo.5711194)
employs MERRA-2 meteorological data from the NASA Global Modeling and Assimilation Office (GMAO), here regridded
to 2° latitude x 2.5° longitude with 47 levels from the surface to 0.01 hPa. Simulations use a 10-min transport timestep (20-
min for emissions and chemistry) and one-year initialization. Model output for 1200-1500 LT, corresponding to the

approximate range in daytime CrIS overpass times, is used to train the ANN.

GEOS-Chem includes detailed HOx-NOx-VOC-0zone-BrOx chemistry coupled to aerosols (Millet et al., 2015; Mao et al.,
2013). The version employed here includes simplified ethyne and ethene chemistry that accounts for their reactions with ozone
and OH (Kwon et al., 2021). It also incorporates recent updates for methanol, in particular for its secondary production via
reactions of methylperoxy radicals with OH and other methylperoxy radicals (Bates et al., 2021). HCN is not a standard GEOS-
Chem tracer and was added here following a previously-developed offline simulation (Li et al., 2003; Li et al., 2009). Biogenic
emissions of VOCs are simulated using a grid-independent implementation of MEGANV2.1 (Guenther et al., 2012), while
anthropogenic emissions are based on the Community Emissions Data System (CEDS) inventory (Mcduffie et al., 2020). The
Global Fire Emissions Database v4 (GFEDv4; (Van Der Werf et al., 2017) is used to compute biomass burning emissions, and
we also employ the Global Fire Assimilation System (GFAS; (Di Giuseppe et al., 2018) in a sensitivity analysis to test how
differing vertical mixing assumptions impact the CrlS retrievals. Whereas fire emissions in GFEDv4 are emitted at the surface,
GFAS as implemented in GEOS-Chem distributes its emissions uniformly between the surface and the ‘mean altitude of
maximum injection’, which is computed locally using a plume rise model and MODIS Fire Radiative Power (FRP)

observations (Jin et al., 2023; Freitas et al., 2007; Latham, 1994).
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Figure S1. ANN predictor importance as a function of column abundance. Shown is the normalized root mean squared error (RMSE)
for tests with each variable independently withheld. Data are normalized to the all-predictor RMSE in each case and plotted for
different column abundance percentile bins.
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65 Figure S2. ROCRv2 prediction precision as a function of column amount and thermal contrast. Data plotted reflect the relative
standard deviation of the 10-ANN predictions for each CrIS retrieval (left column) or the number of observations in each bin (right
column) binned by surface temperature and column amount.
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Figure S3. Region boundaries used for analyses described in the main text.
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Figure S4. Py values as predicted by GEOS-Chem during July 2019 for a base-case simulation employing GFEDv4 biomass burning
emissions (left column) and for a sensitivity run using GFAS biomass burning emissions (middle column). Right column shows the
relative difference between the two (GFAS-GFEDv4 Py).
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Figure S5. Accounting for vertical profile uncertainty in the CrIS VOC retrievals. Plotted are CrIS-retrieved column enhancements
as derived for July 2019 when using Py, fields predicted using a GEOS-Chem simulation with GFAS biomass burning emissions (left
column), and their relative difference with respect to results obtained using GFEDv4 biomass burning emissions (right column).
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Figure S6. Locations of the ground-based FTIR sites used to evaluate the CrIS VOC retrievals. All sites are part of the NDACC
network aside from Porto Velho, Brazil and Xianghe, China which are currently NDACC candidate sites.
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Figure S7. VOC column adjustments used to account for elevation differences between high-altitude NDACC station and the
85  surrounding CrIS pixels. Data plotted represent scaling factors calculated as the above-site fraction of the total column based on
local GEOS-Chem predictions for HCN (red), ethyne (cyan), and methanol (purple).
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Fig S8. Timeseries comparison of CrIS and NDACC methanol observations. Plotted are the NDACC monthly mean total columns
(black), the CrIS column enhancements (orange), and the CrIS column enhancements plus background (cyan). CrIS observations
are averaged over the 3x3 pixel area encompassing the site to increase data coverage. Correlation coefficients and normalized mean
biases (NMB) are computed after background correction and for the CrIS pixel directly overlying the NDACC station. Porto Velho
is omitted from this figure due to the short duration of that data record.
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Fig S9. Timeseries comparison of CrIS and NDACC ethyne observations. Plotted are the NDACC monthly mean total columns
(black), the CrIS column enhancements (orange), and the CrIS column enhancements plus background (cyan). CrIS observations
are averaged over the 3x3 pixel area encompassing the site to increase data coverage. Correlation coefficients and normalized mean
biases (NMB) are computed after background correction and for the CrIS pixel directly overlying the NDACC station. Porto Velho
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Fig S10. Timeseries comparison of CrIS and NDACC HCN observations at tropical and Southern Hemisphere sites. Plotted are the
NDACC monthly mean total columns (black), the CrIS column enhancements (orange), and the CrIS column enhancements plus
background (cyan). CrIS observations are averaged over the 3x3 pixel area encompassing the site to increase data coverage.
Correlation coefficients and normalized mean biases (NMB) are computed after background correction and for the CrIS pixel
directly overlying the NDACC station. St. Denis, Paramaribo, and Porto Velho are omitted from this figure due to the short duration
and/or intermittence of those data records.
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Fig S11. Timeseries comparison of CrIS and NDACC HCN observations at Northern Hemisphere extratropical sites. Plotted are
the NDACC monthly mean total columns (black), the CrIS column enhancements (orange), and the CrIS column enhancements plus
110  background (cyan). CrIS observations are averaged over the 3x3 pixel area encompassing the site to increase data coverage.
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Correlation coefficients and normalized mean biases (NMB) are computed after background correction and for the CrIS pixel

directly overlying the NDACC station.
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Figure S12. Evaluation of the CrIS VOC retrievals against NDACC ground-based FTIR measurements when applying alternative
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