115.78 pm
g
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156.01 pm

i)

The global budget of Carbonyl Sulfide, recent
Insights and remaining unknowns

2 Maarten Krol, 2nd international COS workshop,
% Obergurgl, Austria, 11-14 november, 2019

‘ Thanks to: Linda Kooijmans, Jin Ma,
Peter Bosman, NOAA, TES-team,
SIB4-team, COS-OCS team

=]
=,
(7))
o
q
Q.
)
::“9..
»w I
=
N
o“
S o
(@]
S0
<
o oM
o Q
2-1-.
S5
S 2
=
=
3@
gt
=
3 3
<|-i-
~N4
o)
S g
q’
=)
23
D
D =5
S 1
=)
® 9
C o
3 0
(D:T
@
e §
~
D5
=~ 0
g—
_—
= [T
® 3
0O
3 2
®
S5 5
1 O
)
0'1
NS
=~
Do
~ I
© c
=
o
ro)
®
Q
-



http://cos-ocs.eu

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

o Modelling COS & CO: (Linda, Peter, Jin)

0 Air-core observations (Huilin)

0 Measurements of COS isotopologues (Elena & Sophie)

*,{:-: 0 Modelling COS Isotopologues (Juhi)
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N

Free troposphere

Entrainment:

COS, CO, exchange
Dynamic height
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COS uptake by vegetation
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COS flux (ppt m s~1)

COS mixing ratio (ppt)
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Global Inverse modelling

a Park Falls (90.3VV 45.9N)
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BERRY ET AL.: CARBONYL SULFIDE AS A GLOBAL CARBON CYCLE TRACER
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gatif

Linearised Scaling Factors

ppt

when given a variation limit of 50 %. On average, vegeta-

tion and soil optimized uptakes are respectively converging
around 714 and 396GgSyr—' (Table 3). The atmospheric

~ e - -

ppt

1. the vegetation plays a determining role in the OCS
global atmospheric budget

2. the leaf uptake of OCS is too large when using ORC,
highlighting a too large global annual GPP flux.

..... STD_ORC (RMSE : 162)
—— OPTIM_H_Er(ORC)(RMSE:29)

ppt

N Vi .
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N L

Inverse

Y. Wang et al.: Towards understanding the variability in biospheric CO, fluxes
ACP, 2016 FTIR xOCS

Following Suntharalingam et al. (2008), we rescaled the
fluxes 1n K2002, including increasing the plant uptake, in-
creasing the ocean emissions 1n the tropics, and decreasing
the ocean emissions in the Southem Ocean, to find a better
match to the column measurements. Multiplying the plant
uptake by a factor of 3 (K2002x3, Fig. 2 green stars) agrees
with the measurements best.

lations with Kettle’s fluxes. SiB did not capture the strong
latitudinal gradient during growing season (HIPPO-5), indi-
cating that the plant uptake of OCS in S1B 1n the boreal forest
1s too small, at least for the year (2011) in question.
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SIB4 Validation (Linda)
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Spain: C3 grassland Denmark: deciduous broadleaf forest Finland: evergreen needleleaf forest

------- Mod Fcos 2013-2018 === Mod Fcos 2013-2018 «=+ Mod Fcos 2013-2018
40 —e— Obs Fcos 2016 40 —e— Obs Fcos 2016 40 —e— Obs Fcos 2016 -
=
| | | | ‘7’.
— - =
'» 30 % 30 BN S S
~ ~N : O
E £ ¥
—_ £
© 20 S 20 WQ ey 0
S o
E E ‘.." s, 8 (o)
o o 5 gy &
S 10 , S 10 g .- s 24
LL .‘§-' L 5 9) g
. | e | o M -
0b—tr | @ 1 0 i | | N | g-‘_s‘
38
=
Jan Feb Mar Apr May Jun Jul AugSeptOct Nov Dec Jan Feb Mar Apr May Jun Jul AugSeptOct Nov Dec Jan Feb Mar Apr May Jun Jul AugSeptOct Nov Dec % =
=
Austria: C3 grassland =Y
-c -
------- Mod Fcos 2013-2018 o 'cgb
40 —e— Obs Fcos 2015 : =
ki Update in COS conductance 2 5
: =)
= calculations: extra temperature- 3 &
30 . cQ
N dependence in gi removed (has no 23
| 9
.,.4 £ effect on GPP) a9
ﬁ.l"‘ o 20 : §
£ lan Baker, personal communication o=
| Wy ®
{ L S S
/.,.-". ’  --_°:,(. g 3
0 » N5
Jan Feb Mar Apr May Jun Jul AugSeptOct Nov Dec DL
2
o)
=

13

Data: Spielmann et al., 2019; Commane et al., 2015; Kooijmans et al., 2019/Vesala et al., submitted
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Data: Spielmann et al., 2019; Commane et al., 2015; Kooijmans et al., 2019/Vesala et al., submitted


http://cos-ocs.eu

Spain: C3 grassland Denmark: deciduous broadleaf forest Finland: evergreen needleleaf forest
------- Mod Fcos 2013-2018 -+ Mod Fcos 2013-2018 oo Mod Fcos 2013-2018
40 —e— Obs Fcos 2016 40 —e— Obs Fcos 2016 40 —e— Obs Fcos 2016 —
------- Mod soil 2013-2018 - Mod soil 2013-2018 - Mod soil 2013-2018 =
_ —o— Pred soil 2016 e —o— Pred soil 2016 — —a— Obs soil 2016 &
| <o
n 30 i S O,
N No modelled emission o
I B =2
= 8
S 20 & =
g S 8
— | N4l o S
W o DA
S|
m | | =¥
...... sty Ay ol e oy T ——— 2
0 ! H et — ' R S g_‘i
38
o
Jan Feb Mar Apr may Jun Jul AugSeptOct Nov Dec Jan Feb Mar Apr May Jun Jul AugSeptOct Nov Dec Jan Feb Mar Apr May Jun Jul AugSept Oct Nov Dec S 5
=~ D
i oOm
Austria: C3 grassland Harvard Forest: evergreen needleleaf forest A
(MUSHId. Y & | | ik 9TeEl TTER | o 3
------- Mod Fcos 2013-2018 - Mod Fcos 2013-2018 S B
40 —e— Obs Fcos 2015 40 —e— Obs Fcos 2017 s 5
------- Mad sail 2013-2018 g r
. —o— Pred soil 2015 = ® %
l(/J 30 ‘ Iu) 30 §.§
. . . . D =
b D Implementation of mechanistic soll oag
' = & Qo
% =
s S 20 S 20 models (Sun et al., 2015, Ogee et al., EE
S Q -
: s S 2016) & &
— — . : s
; 20 2 1 or empirical soil models (Mary Whelan) E¥&
i Q Q ®
LL L = 3_
X 22 Z o
e 0 NS
@
N
Qg
Jan Feb Mar Apr May Jun Jul AugSeptOct Nov Dec Jan Feb Mar Apr May Jun Jul AugSeptOct Nov Dec ® 3
3
Q
=

15

Data: Spielmann et al., 2019; Commane et al., 2015; Kooijmans et al., 2019/Vesala et al., submitted
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Underestimated SiB4 COS
ecosystem flux partly due to
underestimated nighttime
uptake (= stomatal

conductance)
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COS Biosphere: -898 TgS/yr “old” SIB4

COS Biosphere Prior 200801
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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 -738 808"
Uptake by soll -355
Total Sinks -1194 -1039
Net total -2 277

SUsing OH-climatology Spivakovsky (2000) multiplied by 0.92
*Independent from LUT J-values (TUV)
*Includes soil uptake based on scaled Rh (still uncorrected SiB4)
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I | n

nthropogenlc Emissions COS/CS *
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Note on fractionation (34S/32S)

1.24 K1
q OH + CS; = OCS + SH
103.4"\717 ‘
e o 130
= A 1.88
567 130.9?’ 2 M
152,50 1 62 05 oo\ |08
10.3°
098 1.69 OH attaches easier on the 34S
0 19.3 \ S5
scsou#oo / 6.7 \
. 168}1 \1 'S 3?69 (SCSO! l)o2
2 1.56 | 58
OCS+ Which then does not end up in COS
X HOSO
-473.2

0.98
B Zeng et al., Chemical Physics Letters 669 (2017) 43-48

Thus “34S”-depleted COS w.r.t CS2 might be expected 21
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Biomass burning emissions

COS Biomass burning annual emissions
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Added 277 Gg S/yr globally (land + ocean) to close the budget (3 overlapping simulations)

-]
=
»
o)
o
3
s 9
»n =
ALT Lat:82.45 Lon-62.51 T
o L
ALT 8 §
& = o =~ 90
i o o, > N * Y, e Tt o> ¢ 2
/ Py ° o . [ 4 .'. o ‘ & o0, 9 ’ - .. 8 ol
"'&'. *o ° ¥ o o * i ‘s o % * . 3'E
i ° ’ *’ \ Y -t 0 *p, \. > 8
5
Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13 o “_’h
THD Lat:41.05 Lon:-124.15 5 3
2 3
\ \ THD &
§ o it k. . Angars A X
o ¢ e, ® fo.' ‘e - ® 0gpe o 5 M
®e ” ® o ¢ h % nd o0 ¢ ‘o ’ ‘Q"' e "". .. T g
. . @ g
QD
Jan-06 Jan-07 Jan-08 Jan-09 Jan-10 Jan-11 = ;
MLO Lat:19.53 Lon:-155.58 = 8
®
®
¢ MLO S0
. Q O
by % 5
) - >
Q
¢ ¥ = 3
m [
: : - _ - Q —~
Jan-06 Jan-07 Jan-09 Jan-10 Jan-11 Jan-12 Jan-13 s M
SPO Lat:-89.98 Lon:-24.8 : 3
SPO SS
o
‘: ¢ oy " L + — Prior g E
N , Measurement EaE=i
S
o0 =<
Jan-06 Jan-07 Jan-08 Jan-09 Jan-11 Jan-12 Jan-13 -§
Q
3

23



http://cos-ocs.eu

Mathematical framework to optimise emissions

ruf)

emission apri TM5-4DVAR

Cost function

J(x) = %(x — xb)TB"l(x — xb) + %(Hx — y)TR_l(Hx — y)

40°S

80°S Forward Model

y = H(x)

NOAA Observational constraints

emission apos Adjoint Model
x = H'(y)

4

4

Gradient of model
VJ(x) = B~ (x - x*) + HTR"!(Hx - y)
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Depending on the settings, the fit with observations in mathematically improved
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HIPPO-2 2009 Nov
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HIPPO-3 2010 Mar
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This project-has _.mom_<.mn_ funding from the European Research Council (ERC) under the European

Upien’s‘H2020 research and innovation programme under grant'agreement No 742798
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Determining the “optimal settings” Hippo not assimilated
—e— HIPPO
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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-

» Spatial correlation = 4000 km

* Temporal correlation = 9.5 months

COS Poste-Prior Monthly Mean
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This project-has received funding from the European Research Council (ERC) under the European

Upien’s‘H2020 research and innovation programme under grant'agreement No 742798
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This project-has qmom_<.mo_ funding from the European Research Council (ERC) under the European

Upien’s‘H2020 research and innovation programme under grant'agreement No 742798
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COS Biosphere Prior 200801
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CS2 Ocean Prior 200801
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HFM LAT42.54 LON-72.17

Posterior fit at Harvest Forest:
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Mismatch
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Global measurements of atmospheric carbonyl sulfide (OCS), OC34S
and 03CS

Mahdi Yousefi? Peter F Bernath®"<* Chris D Boone®, Geoffrey C Toon®
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