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COS: Towards an inverse modelling
framework to constrain the global
budget and global primary production
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COS-0CS

Objectives

 Perform the first world-wid~ n of COS
isotopologues by m~ al, latitudinal, and altitude
variations in - stratosphere
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Objectives COS-0OCS

- Measure COS gradien*- sphere—stratosphere
transition up te - sing innovative AirCore
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Objectives COS-0OCS

- Develop the first model with capabilities to simulate COS-
isotopologues and the coupled COS and CO2 cycles
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COS Modelling: Building Blocks

a
g (1)&2; Campbell et al., 2017
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Anthropogenic
Anthropogenic COS emissions Emissions
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Zumkehr, A. et al. Global gridded anthropogenic emissions inventory of carbonyl sulfide. Atmos Environ 183, 11-19 (2018).
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B. Lejeune et al. / Journal of Quantitative Spectroscopy & Radiative Transfer 186 (2017) 81-95
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Direct/Indirect Emissions

Anthropogenic sources of COS are dominated by indirect sources (CS?2) and include rayon production,
aluminum production, coal combustion, biomass burning, oil refineries and fuel combustion.

e COS/CS2
e CS2 + OH (+02) —> COS + HOSO

¢ COS + OH—> CO2 + HS

Atmospheric

Oxidation (OH)

1. Angert, A., Said-Ahmad, W., Davidson, C. & Amrani, A. Sulfur isotopes ratio of atmospheric carbonyl sulfide
constrains its sources. Sci Rep 1-8 (2019). doi:10.1038/s41598-018-37131-3
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OH-attack on C, @
Energetically A\
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/Zeng, 2017
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1.56 1.58

OH-attack on S,
Implies S- fractionation!

/Zeng, 2017
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Stratospheric :
Photolysis:currently
from MCF!!

T

/onal Averages
COS (ppt, 8/2008) CS2 (ppt, 8/2008)

Run 2000 —-> 2013 (6x4): 10% emitted as CS2

This project has received f[mding from the European Research Council (ERC) under the European
Union’s H20R0 research.and innovation programme under grant agreement No:742798 -
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# - Measurements, Hyytiala (Finland)
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Branch COS and CO, flux

Fcos [pmol m'23'1]
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Kooijmans et al. 2019, PNAS
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COS in SiB4
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Ecosystem COS and CO2 flux in SiB4
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COS soil exchange in SiB4

Hyytiala: soil COS uptake is 13 % of total ecosystem COS uptake
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COS soil exchange in SiB4

Initial SiB4 COS soil uptake is proportional to respiration (Berry et al. 2013)

4 4 — Soil obs.
---- Soil model SiB4, Berry et al., '13'
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COS soil exchange in SiB4

Initial SiB4 COS soil uptake is proportional to respiration (Berry et al. 2013)

New mechanistic COS soil models capture uptake and emission of COS:
Sun et al., 2015; Ogee et al., 2016
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Next Steps

* Further validation, e.g. Harvard forest, ...
* Run SIB4 globally

» Store Biosphere COS exchange fluxes from SIB on
a monthly basis

* Add photolysis and ocean exchange, and we can
run first global inversions!
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