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COS: New ways of Observing the Climate System
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COS contributes to Stratospheric Sulfate Aerosol (SSA)
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COS: New ways of Observing the Climate System

Large uncertainties in the global COS budget hamper use as GPP tracer
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COS: New ways of Observing the Climate System

Modelling COS & CO2 (Linda, Peter, Jin)

Air-core observations (Huilin)

Measurements of COS isotopologues (Elena & Sophie)

Modelling COS Isotopologues (Juhi)
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Dataset from temperate 
forest in USA – Commane
et al.

COS and CO2 mixing ratios; 
eddy-covariance fluxes at 
29 m above the surface +…

Averaged over 7 relatively 
sunny September days

Msc Thesis Peter Bosman

Proof of concept for 
Harvard Forest
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Global Inverse modelling
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2008 Vegetation

DMS-ocean

Ocean
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Inverse modelling
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(Berry et. al 2013)
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Inverse modelling

9Launois et al, ACP 2015 

Linearised Scaling Factors

Note: Very high prior Ocean flux
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Inverse modelling
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ACP, 2016 FTIR xOCS
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SIB4 Validation (Linda)
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gi = mesophyll diffusion +
biochemical activity

gs = stomatal conductance

gb = boundary layer conductance

!"#$ = &'( 1.56
-.

+ 1.94-2
+ 1
-3

45

GPP

Ball-Berry Vmax

Berry et al.: 2013
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12Data: Spielmann et al., 2019; Commane et al., 2015; Kooijmans et al., 2019/Vesala et al., submitted
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13Data: Spielmann et al., 2019; Commane et al., 2015; Kooijmans et al., 2019/Vesala et al., submitted

Update in COS conductance 
calculations: extra temperature-

dependence in gi removed (has no 
effect on GPP)

Ian Baker, personal communication
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14Data: Spielmann et al., 2019; Commane et al., 2015; Kooijmans et al., 2019/Vesala et al., submitted

Underestimation of 
COS ecosystem 

fluxes at sites with 
high LRU
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15Data: Spielmann et al., 2019; Commane et al., 2015; Kooijmans et al., 2019/Vesala et al., submitted

Underestimation of 
COS ecosystem 

fluxes at sites with 
high LRU

Implementation of mechanistic soil 
models (Sun et al., 2015, Ogee et al., 

2016) 
or empirical soil models (Mary Whelan)

No modelled emission
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Underestimated SiB4 COS 
ecosystem flux partly due to 

underestimated nighttime 
uptake (= stomatal 

conductance)

Diurnal cycle of simulated and observed ecosystem and soil COS flux
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1022 ± 12 GgS yr-1 (std over 2000-2010) COS biosphere uptake (vegetation & soil) 

http://cos-ocs.eu
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COS Biosphere: –898 TgS/yr

CS2 Ocean: +81 TgS/yr

COS Ocean: +40 TgS/yr

COS Biomass burning: +136 TgS/yr

CS2 Anthropogenic: +188 TgS/yr

COS Anthropogenic: +155 TgS/yr

DMS Ocean+Land: 
 +156 + 6 TgS/yr

OH oxidation: 
 –101 TgS/yr

Stratosphere: 
 –40 TgS/yr

“old” SIB4

Kettle 2002

Kettle 2002

GFED

Zumkehr

Zumkehr

http://cos-ocs.eu
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COS Global Budget (Gg S /year) Berry2013 Prior of this study

Direct COS flux from oceans 39 40
Indirect COS flux as CS2 from oceans 81 81

Indirect COS flux as DMS from oceans 156 156
Direct anthropogenic flux 64 155

Indirect anthropogenic flux from CS2 116 188
Indirect anthropogenic flux from DMS 1 6

Biomass burning 136 136
Additional ocean flux 600 -

Anoxic soils and wetlands - -
Total Sources 1193 762

Destruction by OH -101 -101$

Destruction by O - -
Stratospheric photolysis - -40#

Uptake by plants -738
-898*

Uptake by soil -355
Total Sinks -1194 -1039
Net total -2 -277

*Includes soil uptake based on scaled Rh (still uncorrected SIB4)
#Independent from LUT J-values (TUV)
$Using OH-climatology Spivakovsky (2000) multiplied by 0.92

http://cos-ocs.eu
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Anthropogenic Emissions COS/CS2
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0.87
OH:15 days

0.007
~1 day

Zumkehr et al., 2018

http://cos-ocs.eu


This project has received funding from
 the European R

esearch C
ouncil (ER

C
) under the European 

U
nion’s H

2020 research and innovation program
m

e under grant agreem
ent N

o 742798

Note on fractionation (34S/32S)

21Zeng et al., Chemical Physics Letters 669 (2017) 43–48 Thus “34S”-depleted COS w.r.t CS2 might be expected

OH attaches easier on the 34S

Which then does not end up in COS

http://cos-ocs.eu
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Biomass burning emissions
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G
FED

4.1

CEDS

Emission factors from Andrea, ACP, 2019
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Added 277 Gg S/yr globally (land + ocean) to close the budget (3 overlapping simulations)

ALT

THD

MLO

SPO

http://cos-ocs.eu
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Mathematical framework to optimise emissions

Input

Forward Model
𝑦 = 𝑯(𝑥)

Cost function
𝑱(𝑥) =

1
2 (𝑥 − 𝑥𝑏)𝑇𝑩−1(𝑥 − 𝑥𝑏) +

1
2 (𝑯𝑥 − 𝑦)𝑇𝑹−1(𝑯𝑥 − 𝑦)

Output

TM5-4DVAR 

Gradient of model
𝜵𝑱(𝑥) = 𝑩−1(𝑥 − 𝑥𝑏) + 𝑯𝑇𝑹−1(𝑯𝑥 − 𝑦)

Adjoint Model
𝑥 = 𝑯𝑇(𝑦)

NOAA Observational constraints

HIPPO aircraft for validation

http://cos-ocs.eu
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ALT

THD

MLO

SPO

Depending on the settings, the fit with observations in mathematically improved

http://cos-ocs.eu
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Better distribution

Model has low bias

http://cos-ocs.eu
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http://cos-ocs.eu
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degree of freedom spatial corr temporal corr
[km] [month]

1 1000 5.5
2 1000 9.5
3 1000 12
4 4000 5.5
5 4000 9.5
6 4000 12
7 6000 5.5
8 6000 7
9 6000 9.5

10 6000 12
11 10000 5.5
12 10000 9.5
13 10000 12
14 20000 5.5
15 20000 9.5
16 20000 12

Determining the “optimal settings”

Test inversions

LOW
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Hippo not assimilated
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• We close the budget by adding 277 Gg S/year globally uniformly
• optimise this uniform monthly emission flux of 0.51 pmol m-2 s-1

• Spatial correlation = 4000 km
• Temporal correlation = 9.5 months

http://cos-ocs.eu
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No observations

http://cos-ocs.eu
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32Optimised Ocean + Biosphere + other categories

Prior COS Biosphere: –898 TgS/yr

Posterior COS Biosphere: –499 TgS/yr
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33Optimised Ocean + Biosphere + other categories

Prior CS2 Ocean: 81 TgS/yr

Posterior CS2 Ocean: 115 TgS/yr
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Posterior fit at Harvest Forest:

Optimised only ocean

Optimised only biosphere
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Posterior fit at Mauna Loa:

Optimised only ocean

Optimised only biosphere
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TES

http://cos-ocs.eu
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TES range

TM5 range
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Kuai et al., JGR, 2015 
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ACE-FTS

Journal of Quantitative Spectroscopy & Radiative Transfer, 2019 
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ACE-FTS

34S

13C

34ε : 5.91±0.63‰

13ε : —88±1.92‰

???

???
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Take Home Messages
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