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Table S1. Site information of long-term CO; flux measurements from FLUXNET, AmeriFlux or ICOS, including mean annual
temperature (MAT) and mean annual precipitation (mm).

Network Lat (°N), | Years | MAT | MAP Reference
Lon (°E) (°C) | (mm)

Hyytidla, ICOS 61.8, 1996- | 3.8 709 Kolari et al. (2009)
Finland (FI- 243 2018
HYY)
Sorg, Denmark | ICOS 55.5, 1996- | 8.2 660 Pilegaard et al. (2011); Wu et al. (2013).
(DK-SOR) 11.6 2018
Neustift, Austria | FLUXNET- | 47.1, 2002- | 6.5 852 Wohlfahrt et al. (2008)
(AT-NEU) 2015 11.3 2012 DOI:10.18140/FLX/1440121
Harvard Forest, | FLUXNET- | 42.5, 1991- | 6.6 1071 DOI:10.18140/FLX/1440071
US (US-HA1) 2015 -72.2 2012
Fermilab, = US | FLUXNET- | 41.8, 2004- | 9.0 930 Matamala et al. (2008)
(US-1B2) 2015 -88.2 2011 DOI:10.17190/AMF/1246066
Bondville, US | AMERI- 40.0, 1996- | 11.0 991 DOI:10.17190/AMF/1246036
(US-BO1) FLUX -88.3 2008
Majadas, Spain | ICOS 39.9, 2014- | 16.0 700 El-Madany et al. (2018)
(ES-LM1) -5.8 2018
ARM Southern | FLUXNET- | 36.6, 2003- | 14.8 843 DOI:10.18140/FLX/1440066
Great Plains, US | 2015 -97.5 2012
(US-ARM)
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Figure S1. Comparison of COS vegetation flux seasonal cycles of observations (red) with different SiB4 model runs: SiB4 500 Berry
(blue, solid), SiB4_var_Ogee (orange, dashed), SiB4 500 _Ogee (green, dot-dash). Monthly averages are shown with the 1o spread
around the mean of observations. Negative values indicate uptake of COS by the ecosystem while positive values indicate COS
emissions. The model simulations are from the same year(s) in which observations were made. The MBE and RMSE (pmol m? s)
are given for monthly average fluxes. Sites are presented from high to low latitude.

o
o

a. FI-HYY - ENF b. DK-SOR - DBF  c. AT-NEU - C3-GRA  d. US-HA1-DBF  e. US-IB2 - C3-GRA f.US-BO1-MAI  g.ES-LM1-C3-GRA h. US-ARM - WWT

RMSE: 0.66 RMSE: 0.87 RMSE: 2.35 RMSE: 1.33 RMSE: 2.32 «_ | | RMSE: 0.97 RMSE: 0.67
55| MBE: 0.5 MBE: 0.45 ‘ MBE: -1.12 MBE: 0.73 MBE: 1.30 < | MBE: 0.06 MBE: 0.13 25
T oo A5 /1 ™\ A \ A~
'p 00 - - -~ 0.0
I_ 25 > -25
€
B 50 -5.0
£
3 -75 -75
[1n}
Ll -10.0 - SiB4 avg 2000-2018 - SiB4 avg 2000-2018 o SiB4 avg 20022012 | | - SiB4 avg 2000-2012 e SiB4 avg 2004-2011 - SiB4 avg2000-2008 e SiBA avg 2014-2018 s $iB4 avg 20032012 | 100
z —— SiB4 campaign year —— SiB4 campaign year —— SiB4 campaign year —— SiB4 campaign year —— SiB4 campaign year —— SiB4 campaign year —— SiB4 campaign year —— SiB4 campaign year
-12.5 Obs 1996-2018 Obs 1996-2018 Obs 2002-2012 | Obs 1991-2012 Obs 2004-2011 Obs 1996-2008 Obs 2014-2018 Obs 2003-2012 =125
—e— Obs campaign year —e— Obs campaign year —e— Obs campaign year —e— Obs campaign year —e— Obs campaign year —e— Obs campaign year —e— Obs campaign year —e— Obs campaign year
-15.0 -15.0

Jan  Apr  Jul  Oct Jan Apr  Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul Oct Jan Apr Jul  Oct Jan Apr Jul  Oct
Month Month Month Month Month Month Month Month
Figure S2. Comparison of NEE seasonal cycles of SiB4 model simulations (blue) with observations from either FLUXNET,
AmeriFlux or ICOS (indicated in legend) (red). Monthly averages are shown with the 1o spread around the mean of observations.
Negative values indicate uptake of CO; by the ecosystem while positive values indicate CO, emissions. The model simulations
represent the years in which observations were made from 2000 onwards. The MBE and RMSE (umol m? s!) are given for monthly
average fluxes.
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Figure S3. Comparison of GPP seasonal cycles of SiB4 model simulations (blue) with observations from either FLUXNET,
AmeriFlux or ICOS (indicated in legend) (red). Monthly averages are shown with the 1o spread around the mean of observations.

The model simulations represent the years in which observations were made from 2000 onwards. The MBE and RMSE (umol m? s

1) are given for monthly average fluxes.
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Figure S4. Comparison of LE seasonal cycles of SiB4 model simulations (blue) with observations from either FLUXNET, AmeriFlux
or ICOS (indicated in legend) (red). The model simulations represent the years in which observations were made from 2000 onwards.
The MBE and RMSE (W m?) are given for monthly average fluxes.
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Figure S5: Seasonal cycles of COS mole fractions as used in the SiB4 simulations (blue and green) together with observed COS mole
fractions above or in the canopy. No COS mole fraction observations are available for US-ARM.
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Figure S6. Diurnal cycles of COS ecosystem (blue) and vegetation (orange) fluxes as observed (dotted line) and simulated (dashed
line) per month and per site. Model results represent settings from SiB4_var_Ogee. Negative values indicate uptake of COS by the
ecosystem while positive values indicate COS emissions.
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50 Figure S7. Diurnal cycles of COS soil fluxes as observed (dotted line) and simulated (dashed line) per month and per site. Model
results represent settings from SiB4_var_Ogee. Positive fluxes represent uptake by the soil. Negative values indicate uptake of COS
by the ecosystem while positive values indicate COS emissions.
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Figure S8. Difference between model simulations and observations of monthly average COS vegetation fluxes (ecosystem — soil) for
nighttime data (21 — 03 hr) based on two different minimum stomatal conductance settings. The runs with original SiB4 minimum
stomatal conductance values (10 mmol m s™! for most PFTs, and 40 mmol m™ s! for C4 plants and crops) are shown as transparent
dashed lines (equal to those shown in Fig. 3 of the main text). The runs with modified minimum stomatal conductance as adopted
by Lombardozzi et al. (2017) (values indicated in the legend, unit in mmol m™ s, see also Table S2) are shown as solid lines. All runs
are done with settings following SiB4_var_Ogee.

Table S2. Minimum stomatal conductance (gy) values used as default in SiB4 and those adopted from Lombardozzi et al. (2017).
Units are in mmol m? s,

PFT Sites Default Adjusted
SiB4 go g0
ENF FI-HYY 10 8
DBF US-HA1, DK- 10 42
SOR
C3-GRA AT-NEU, ES- 10 161
LMI1
WWT US-ARM 40 37
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Figure S9. Comparison of soil temperature seasonal cycles as measured by the FLUXNET, AmeriFlux or ICOS network at 0.05 m
(red) and simulated in the upper two soil layers (0-0.13 m by the SiB4 model (blue). The model simulations are from the same year(s)

in which observations were made.
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Figure S10. Comparison of soil moisture as measured by the FLUXNET, AmeriFlux or ICOS network at 0.05 m (red) and simulated
in the upper two soil layers (0-0.13 m) by the SiB4 model (blue). The model simulations are from the same year(s) in which

observations were made.
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Figure S11. Correlation of o, against air temperature based on two-weekly medians, separated by PFT. Error bars represent the
25t-75t% percentiles.
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Figure S12. Global distribution of the COS soil flux as simulated by SiB4 500 Berry (left) and SiB4_ 500 Ogee. Negative values
indicate uptake of COS by the biosphere while positive values indicate COS emissions.
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Figure S13. Global distribution of the COS vegetation flux as simulated by SiB4 var Ogee (left) and SiB4 500_Ogee (right).
Negative values indicate uptake of COS by the biosphere while positive values indicate COS emissions.
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