Text S1

Temperature and moisture functions are used to parameterize the decrease of soil
carbon decomposition under cold, and / or dry (or too wet) soil conditions (Krinner et
al., 2005), given by:

Temperature inhibition function:

ln(QlU) (T— Tref:] ) _
10°C - With Q10 = 2, Tre = 30C (S1)

Fr = min (1, exp(

Moisture inhibition function:

Fy = max(0.25,min (1.0,aH? + bH + ¢)) - with a=-1.1, b=2.4, c=-0.29 (S2)

Temperature (T) and moisture (H) used in equation S1 or S2 are calculated as eleven

soil layers-weighted average temperature and moisture respectively as follows:

11
X= Zizl(Xi 7% (exXP (~Zi-1/Zdecomp) — €XP (—Zi/Zdecomp))) (s3)
where X is temperature (T) or moisture (H) used in equationS1/ equationS2; X; is the
temperature (T;) or moisture (H;) of the i" soil layer; z; is the depth of the node i

(Figurel); zgecomp s @ scaling depth which parameterized an exponential profile of the

decomposers, Zgecomp = 0.2m; 1 is a scaling factor, given by:

r=1/(1—exp (_lexzdemmp)}; with Zy, is the depth of the 11" node, Z1, = 2m

In equation S3, H; is the relative water content of the i soil layer defined as:

_(@—8y)
FT ey (s4)

where 6; is the water content of the i layer, 6; (m®* m™®) is water content at field
capacity, 6., (m® m™) is water content at permanent wilting point. 6; =0.32 m* m?, 6,
= 0, (Tablel).
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Fig. S1. Schematic overview of litter and soil carbon dynamics in ORCHIDEE

(marked in black) and processes that were added in ORCHIDEE-PEAT (indicated in
red).
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Fig. S2. Monthly means of acrotelm and catotelm soil carbon pool respiration, as well
as NEE fluxes at CA-Wp1 site (2003 — 2009 mean values). Sp2, sp8, sp12 denotes
spin-ups of the model for 2000, 8000 and 12,000 years respectively.
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Fig. S3. Observed (x-axis) versus simulated (y-axis) fluxes (GPP, NEE, WT, LE, H) at
the 22 sites where GPP derived from direct EC measurements were available. Fluxes
were simulated using fixed Vemax (16 pmol m™ s™) for peatland vegetation at each site.
The colors of points indicate the number of data in each bin, in panel (b) each data
point represents one peatland site. The red line identifies the observations = the
simulations.
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Fig. S5. Relationship between optimized V¢max and meteorological variables, as well

as latitude of the sites location.
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Fig. S6. Site-by-site model performance on GPP at a daily time step. Black line: observed GPP; red line: simulated GPP. In the insert, x-axis is
observations, y-axis is simulations, the blue line is a hypothetical 1:1 regression line.
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Fig. S7. Site-by-site model performance on NEE at a daily time step. For sites where no GPP observations were available to tune V¢max, its value
was calculated according to relationship between V¢max and latitude. Black line: observed NEE; red line: simulated NEE. In the insert, x-axis is
observations, y-axis is simulations, the blue line is a hypothetical 1:1 regression line.
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Fig. S8. Site-by-site model performance on WT at a daily time step. For sites where no GPP observations were available to tune Vmax, its value
was calculated according to relationship between V¢max and latitude. Black line: observed WT; red line: simulated WT. In the insert, x-axis is
observations, y-axis is simulations, the blue line is a hypothetical 1:1 regression line.
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Fig. S9. Site-by-site model performance on LE at a daily time step. For sites where no GPP observations were available to tune V¢max, its value
was calculated according to relationship between V¢max and latitude. Black line: observed LE; red line: simulated LE. In the insert, x-axis is
observations, y-axis is simulations, the blue line is a hypothetical 1:1 regression line.
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Fig. S10. Site-by-site model performance on H at a daily time step. For sites where no GPP observations were available to tune V¢max, its value
was calculated according to relationship between V¢max and latitude. Black line: observed H; red line: simulated H. In the insert, x-axis is
observations, y-axis is simulations, the blue line is a hypothetical 1:1 regression line.
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Fig. S11. Observed (x-axis) versus simulated (y-axis) NEE at the 7 sites where there were no
available observed GPP (derived from direct EC measurements). The upper four plots

presented results of the model using mean V¢max value (40pumol m

-2 S-l

), the lower four plots

showed results of the same simulation but using V¢max values calculated from the empirical
relationship between V¢max and the latitude of chosen sites location. The colors of points
indicate the number of data in each bin, in panel (b) each data point represents one peatland
site. The red line identifies the observations = the simulations.



Table S1. Number of days with available water table (WT) measurements (the first column),
days with WT above the soil surface (the second column, WT<=0cm), days with WT remains
below 10cm above the soil surface (the third column, -10<=WT<=0) at each site, and the
ratio between the third and second column.

site Measured days  WT<=0 -10<=WT<=0 Ratio
FI-Sii 3073 907 837 92.28
LA-GUE 1095 0 0

US-Fen 325 139 58 41.73
US-Bog 552 185 49 26.49
CA-Mer 3699 0 0

CZ-Wet 2381 854 600 70.26
DE-Bou 937 28 28 100.00
DE-Hmm 545 461 84 18.22
DE-Sfn 914 5 5 100.00
DE-spw 365 14 14 100.00
DK-Zaf 145 29 29 100.00
FI-Lom 886 882 825 93.54
IE-Kil 3772 170 170 100.00
SE-Deg 1825 38 38 100.00
SE-Faj 1285 376 376 100.00
US-Los 3643 383 129 33.68
US-WPT 759 759 0 0.00
CA-Wp1 1075 0 0

CA-Wp2 514 0 0

CA-Wp3 531 0 0

ALL 28321 5230 3242 61.99




Table S2. Percent of gaps in measured water table (WT) data at sites used in the second set of

simulation (S2).

site percent of gaps(%)
CZ-Wet 7.43
DE-Sfn 16.53
DE-Bou 14.45
FI-Lom 19.57
IE-Kil 6.05
SE-Deg 0.058
SE-Faj 30.51
US-Los 9.79




Sites description

Winous Point North Marsh (US-WPT)

The marsh is located in the Winous Point Marsh Conservancy along the shore of Lake Erie,
dominated by floating-leaved and emergent vegetation. The marsh is relatively isolated by
the surrounding dikes but receives runoff from nearby croplands through three free-flowing
ditches. The outflow of the marsh is managed to maintain inundation all year round (Chu et
al., 2014, 2015).

Mer Bleue Eastern Peatland (CA-Mer)

The Mer Bleue peatland is an undisturbed bog located in east of Ottawa, Canada, dominated
by evergreen and deciduous shrubs and Sphagnum mosses (Lafleur et al., 2005).

Lost Creek shrub fen (US-Los)

The Lost Creek site is a fen in North Central Wisconsin, USA, dominated by shrubs and
sedges. The removal of beaver dams from this site in fall 2000 and summer 2003 partly
explains a large decline of the water table in subsequent years (Sulman et al., 2009).
Schechenfilz Nord (DE-Sfn)

Schechenfilz is an undisturbed bog site located in the pre-alpine region of southern Germany,
dominated by slow growing bog-pines, peat mosses, heather, bog-bilberry and sedges
(Hommeltenberg et al., 2014).

CZWET (CZ-Wet)

This fen site is located in the inundation area of a large human-made lake, Ttebon, Czech
Republic, dominated by sedges and grasses. Water level is controlled by a system of ditches
and is maintained near the soil surface throughout the year (water level can reach up to 2 m
above the ground surface due to flood events caused by snow melting or summer rainstorms).
As a result of nutrient runoff from the upstream, the site has become gradually eutrophicated
since the 1980s (Dusek et al., 2009).

Spreewald (DE-Spw)

The Spreewald site is a forested fen in North-East Germany. Main species of the deciduous

forest are alder (Alnus glutinosa) and ash (Fraxinus excelsior) among others (oak, elm, black



cherry). Despite the low precipitation the ecosystem is not limited by water availability due to
lateral water flow of the Spree river.

Killorglin - Glencar (1E-Kil)

This is an undisturbed Atlantic blanket bog located near Glencar, Ireland. Grasses, sedeges
and shrubs covering together about 30% of the peatland while mosses’ cover is about 25%
(McVeigh et al., 2014; Sottocornola et al., 2009).

Bourtanger Moor (DE-Bou)

The Bourtanger Moor site is a semi-natural bog located in a natural park in Northwest
Germany and Northeast Netherlands. The study area is a protected but moderately drained
bog, dominated by bog heather, purple moor grass, cotton grass, coppices and Sphagnum
mosses. The site is surrounded by intensive agricultural land use and is thus exposed to
elevated atmospheric N deposition of about 25 kg N ha™* yr* (Hurkuck et al., 2016).

Rzecin wetland (PL-Wet)

The Rzecin site is an undisturbed fen located in the north-west Poland, dominated by
Sphagnum mosses, sedges, and shrubs (Chojnicki et al., 2007). The peatland is a result of the
shallowing of the lake, which is much diminished but still exists. According with old maps
from the 18th and 19th centuries, in the southern part of the peatland was a natural spring. It
was joined to a drainage ditch in the second half of the 19th century (Barabach, 2012). The
peatland is surrounded by a relatively tight ring of pastures and cultivated fields and pine
forest outside of it. Since 2006, Rzecin peatland has been one of the sites of the Nature 2000
network in Europe (PLH300019) because of its unique flora and plant communities,
biodiversity, and presence of relics and rare species (Milecka et al., 2016)

Kopytkowo (PL-Kpt)

Kopytkowo is a nearly undisturbed fen located in the Middle Basin of the Biebrza Valley,
near to the village Kopytkowo, Poland. The measurement site is located close to the
Kopytk&wka river. The dominant vegetation is high sedges, reed and ferns (Fortuniak et al.,
2017).

Himmelmoor (DE-Hmm)



Himmelmoor is a degraded bog located northwest of Hamburg. Since the 18th century, peat
in the area has been drained and cut, with peat mining being stopped only in 2016. Parts of
the bog are rewetted with drainage blocking and cutting birch trees since 1980s. The
measurement was taken in the area between the newly rewetted part and the still drained part.
This area is mainly bare peat with a small fraction of vegetated area (~10%), namely Betula
pubescens, Typha latifolia, Salix spp., Molinia cearuela, Calamagrostis pseudophragmites,
Eriophorum angustifolium and vaginatum (Vanselow-Algan et al., 2015).

Polder Zarnekow (DE-Zrk)

The Polder Zarnekow fen is located in the Peene river valley, Pomerania, Germany. The site
was drained since the 18th century and rewetting began in winter 2004/2005. Surface of this
area consist of two main types: open water which is vegetated with submerged and floating
vegetation, and emergent grasses (Franz et al., 2016).

Western Peatland (CA-Wp1l)

This is an undisturbed moderately rich fen, located in Alberta, dominated by stunted trees,
tall shrubs, and mosses. It is a moderately ‘rich’ treed fen—rich in species richness, not
nutrient availability (Flanagan and Syed, 2011).

Western Peatland poor fen (CA-Wp2), Western Peatland Rich Fen (CA-Wp3)

These two sites are undisturbed fens located in north Central Alberta, about 150km apart and
experienced similar variations in weather. Surface water of the poor fen is more acidic and
has poorer nutrient than surface water of the extreme-rich fen. The poor fen (CA-Wp2) is
dominated by Sphagnum mosses, dwarf evergreen shrubs and trees, sedges and herbs. The
extreme-rich fen (CA-Wp3) is dominated by sedges, mosses (Adkinson et al., 2011).
Fgemyr (SE-Faj)

The FGemyr site is an undisturbed bog located in southern Sweden, dominated by dwarf
shrubs, sedges and Sphagnum mosses. The N deposition at the study site is 15-20 kg N ha™
yr' (Lund et al., 2007, 2012).

Siikaneva fen (FI-Sii)



Siikaneva site is located at the 12 km? Siikaneva wetland complex, containing both
minerotrophic (fen) and ombotrophic (bog) surfaces. Siikaneva is located in southern Finland,
the Siikaneva fen site is on a fen surface and is an undisturbed nutrient-poor fen dominated
by sedges and a Sphagnum carpet. The site is surrounded by Scots pine forest and has a
relatively flat microtopography (Aurela et al., 2007; Riutta et al., 2007) .

Nuuk Fen (DK-NuF)

The undisturbed fen is located in the low-Arctic Kobbefjord valley in southwest Greenland,
ca. 20 km from the Greenland capital of Nuuk, dominated by various sedges
(Westergaard-Nielsen et al., 2013).

DegeroStormyr (SE-Deg)

The Deger&Stormyr is an undisturbed fen located in the Kulb&ksliden Experimental Forests,
Sweden, dominated by shrubs, sedges, as well as mosses. It is composed of interconnected
smaller mires, divided by islets and ridges of glacial till (Nilsson et al., 2008; Sagerfors et al.,
2008).

Alaska Bog (US-Bog), Alaska Fen (US-Fen)

These two sites are located in the boreal peatland lowlands of the Tanana Flats of interior
Alaska. They were about 0.5 km apart. US-bog is a collapse scar ombrotrophic bog, with
active thaw margins, significant dieback of black spruce trees (Picea mariana) and
Sphagnum moss. The bog is a circular depression that formed through thermokarst.

US-fen is an undisturbed fen, it lacks near-surface permafrost and is dominated by grasses,
sedges and forbs (Euskirchen et al., 2014).

Lompolojankk&(FI-Lom)

The Lompolojénkk&nutrient rich fen is located in the aapa mire region of north-western
Finland, dominated by Menyanthes trifoliata, Salix lapponum and Carex spp and mosses.
There is a small stream flows through the site (Aurela et al., 2009).

Abisko Stordalen Palsa Bog (SE-Sto)



The undisturbed bog is located in the Stordalen peatland complex, northern Sweden,
dominated by dwarf shrubs, mosses, lichens and sedges. The discontinuous permafrost in the
area is currently thawing (Malmer et al., 2005; Olefeldt et al., 2012).

Imnavait Creek Watershed wet sedge tundra (US-Ics)

This fen is situated in the northern foothills of the Brooks Range, Alaska, dominated by
sedges and dwarf shrubs. There is continuous permafrost underlying this area (Euskirchen et
al., 2012, 2016).

Cherski (RU-Che)

The tundra is located in a flood-plain of the Kolyma river in Northeast Siberia, it is flooded
periodically in spring, and dominated by sedges, cotton grass, marsh cinquefoil and few
dwarf shrubs. Thawing of the active layer of permafrost and flood water maintained a
stagnant water table below the grass canopy (Corradi et al., 2005). The site was drained in
fall 2004 and continuous to be drained to study drainage effects on carbon fluxes (Merbold et
al., 2009).

Andgya (NO-And)

Andgya is an undisturbed blanket bog on the island of Andgya, Northern Norway. Dominant
vegetation types are mosses, lichens and shrubs. Seasonal temperature variations are
attenuated by the maritime influence of the nearby Atlantic Ocean, there is no permafrost at
this site due to this maritime settings (Lund et al., 2015).

Barrow-Bes (US-Bes)

The tundra is located in the large-scale manipulation experiment area in the Alaskan Arctic at
the Barrow Environmental Observatory (BEO). The area is underlain by continuous
permafrost, dominant vegetations are mosses, sedges and grasses. US-Bes in this study is the
south tower (control site) in the manipulation experiment performed from 2007-2009 (Zona
et al., 2009).

Zackenberg Fen (DK-Zaf)



The undisturbed fen is located in the high-Arctic Zackenberg valley, Northeast Greenland
National Park. The area is underlain by permafrost and dominated by sedges and mosses
(Stiegler et al., 2016).

Adventdalen (NO-Adv)

The Adventdalen site is located on a river terrace on the flat part of a large alluvial fan at the
bottom of a glacial valley on Svalbard. The site features continuous permafrost, with
typically about 70 cm active layer depth and polygonal ground patterns creating fen
conditions. The vegetation is dominated by Salix polaris in drier areas, Eriophorum
scheuchzeri in wetter locations, and moss species in usually inundated spots (Pirk et al.,
2016).

La Guette

La Guette peatland is a fen located in Sologne (center part of France, 200 km south of Paris).
The site experiences hydrological disturbance caused by a road drain crossing the site at the
output which accelerates runoff loses. Work was undertaken in 2014 to restore the
hydrological functioning and vegetation of the site (D’Angelo et al., 2016; Laggoun-d et al.,
2016) The vegetation is dominated by Molinia caerulea, ericaceous shrubs (Erica tetralix and
Calluna vulgaris) and trees (Pinus sylvestris and Betula spp, mainly on its borders). Mosses
(Sphagnum spp), Eriophorum angustifolium and Rhyncospora alba can be dominant in the

wettest parts of the site.
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