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Figure S1. Temporal variations in wetland anomalies in model ensemble in comparison with satellite-based products WAD2M and GIEMS2. The wetland areal anomalies were
calculated relative to the mean of 2000-2006 level and then standardized using a Z score. The shaded areas are the 1-standard deviation of model ensemble estimates. The solid lines are the 12-

month running means of the anomalies. The correlations in the trend between model ensemble mean and satellite-based products are listed.
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Figure S2. Time series of annual total CH4 emissions from the prognostic runs. Note that 11 of the 16 models have prognostic estimates. Note that the diagnostic results are not used in
interpreting temporal changes due to a discontinuity issue in a few tropical hotspots, which exists in some of the models (see Methods).
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Figure S3. Regional changes in the seasonal cycle of AeCH4 and corresponding mean seasonal cycle. The boxplots represent mean AeCHa in the seasonal cycle during 2010-2019 relative to
the average of 2000-2009. The black whiskers extend to the most extreme data points not considered outliers, which are denoted as dots. The colored lines represent the average seasonal cycle
of 2000-2009 from the simulations grouped by two climate datasets, CRU and GSWP3-W5ES5. Region Abbreviations: NAm, North America; SAm, South America; Eur, Europe; Afr, Africa;
NAs, North Asia; CAs, Central Asia, EAs, East Asia; Sas, South Asia; SEAs, Southeast Asia; Oz, Oceania.
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Figure S4. Spatial distribution of AeCHj4 in percentage between the 2010s and 2000s and the level of model agreement. The level of model agreement (%) is defined as the ratio of the
number of runs whose estimates fall within the 1-c range of the whole ensemble to the number of total runs (n=22). The regional CHa hotspots in Table S3 are shown in red.
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Figure S5. Boxplot of mean eCHa for regional hotspots from the prognostic runs. The model ensemble means are shown with one standard deviation for 2000-2020. The mask map is
shown in Fig. S3. HBL, PPR, and WSL refer to ‘Hudson Bay Lowland’, ‘Prairie Pothole Region’, and ‘West Siberian Lowland’, respectively.
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Figure S6. Attribution of mean AeCHa to the temperature (T), precipitation (P), and rising atmospheric CO2 concentration (COz2) based on factorial simulations of a subset of the models.
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Figure S8. Temporal variations of anomaly in precipitation and wetland area relative to the average of 2000-2006 over global wetlands. The precipitation inputs from CRU and GSWP3-
WS5EDS, along with the ensemble mean of simulated wetland areas (black line) with its 1-c uncertainty (grey area) derived from eighteen prognostic estimates by the wetland models, are
presented. The statistically significant linear regional trends in wetland area are denoted with a star next to the region name. The Spearman correlations between precipitation and wetland area
across regions are indicated in color corresponding to different precipitation inputs. The wetland mask is defined by maximum areal extent of the wetland product WAD2M. Region
Abbreviations: NAm, North America; SAm, South America; Eur, Europe; Afr, Africa; NAs, North Asia; CAs, Central Asia, EAs, East Asia; Sas, South Asia; SEAs, Southeast Asia; Oz,

Oceania.
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Figure S9. Temperature sensitivity of simulated seasonal eCHa4 across locations of FLUXNET-CHy sites from individual models for the JJA season.



W ()] ©
o o o
| | |

i
g’\l

Latitude
o
1

I |
o @
o o

1 1

JJA Mean Temperature (degC)

|| -
—90 5 10 15 20 25

_180  -120  -60 0 60 120 180
Longitude

Figure S10. Map of FLUXNET-CHg sites applied in the Qo calculation. The color of the points (n = 34) represents the average JJA temperature for 2000-2020 for each site. The site info can
be found at Table S4.

Tables

Table S1. List of GCP-CH4 participating wetland models. Not all models contributed results to all experiments. The details on the model set-ups and models’ methane flux
parameterizations can be found in principal references.

Model Wetland PFT Components of CH4 Flux CH, Transport Pathway Temperature Response | CHs Production | Nitrogen Fire Spatial Forcing Time | Reference
Functions Proxy Cycles Resolution Step
(deg)
CH4MOD yetiand Herbaceous Net flux Ebullition and | Layered soil temperature Carbon Substrate No No 0.5 Monthly Lietal., 2020
wetland PFTs and Diffusion, and Plant
Woody  wetland mediated transport




PFTs

CLASSIC No wetland- | Net flux No specific transport | Indirectly through Rh (see | Rh is scaled to | No Yes T63 (~2.8) 30 minutes Arora et al., 2018
specific PFTs pathways Section A3.2 in Melton and | account for CHy vs.
Arora 2016 CO, emitted and
differences in
upland vs. lowland
Rh
DLEM Generic wetland | gross production; gross | No specific transport | Layered soil temperature Carbon Substrate Yes No 0.5 Daily Tian, 2015; Tian
PFTs consumption; oxidation; pathways etal., 2016
ELM-ECA No wetland- | gross production; gross | Ebullition and | Q10 based on soil T in each soil | Rh in each soil | Yes Yes ~2° 6-Hourly Zhu et al.,
specific PFTs consumption; oxidation; | Diffusion, and Plant | layer layer is scaled to 2016;2019
diffusive, aerenchyma, and | mediated transport estimate CH4
ebullition fluxes production
ISAM Upland PFTs, | gross production, oxidation, Ebullition and Diffusion Heterotrophic Yes No 0.5 6-Hourly Shu 2020.
generic  wetland respiration Xu 2021.
PFTs, and Woody
wetland PFTs
JSBACH Generic wetland | gross production, oxidation Ebullition and | Layered soil  temperature, | CH4 production | No No 1.875° Daily Kleinen et al.,
PFT with C3 Diffusion, and Plant | different temperature responses | depends on anoxic 2020; 2021.
grass parameters mediated transport for production, consumption respiration
for vegetation produced by
YASSO soil carbon
model modified to
account for anoxic
conditions and
coupled to JSBACH
JULES No wetland- | Net fluxes No specific transport | Layered soil temperature Net Primary | No No 0.5 Daily Clark 2011.
specific PFTs pathways Production Gedney 2019
LPJ-MPI Upland PFTs, | gross production and oxidation | Ebullition and | Layered  soil  temperature, | Heterotrophic No Yes 0.5 Monthly Kleinen et al.,
non-vascular Diftusion, and Plant | different temperature responses | respiration 2012
PFTs, Hebaceous mediated transport for production, consumption,
wetland PFTs diffusion
LPJ-wsl No wetland- | net flux No specific transport | Soil temperature calculation in | Heterotrophic No Yes 0.5 Monthly Zhang et al.,
specific PFTs pathways LPJ is 12 layers scheme | respiration 2016, 2018
following Wania et al., (2009).
Daily average soil temperature
for 0-50 cm depth is used for
CH4 function.
LPJ-GUESS High-latitude (> | Net and gross emissions are | Diffusion, plant- | Decomposition of litter and | CH,4 production | Yes No, 0.5 Monthly, McGuire et al.,
40°N):  Wetland | simulated for high-latitude (> | mediated, and ebullition | SOM  uses an empirical | depends on soil not interpolated to | 2012; Wania et
grass, cushion | 40°N) ecosystems. South of | pathways for > 40N relationship  for temperature | temperature in each on quasi-daily al., 2010
forbs, lichens, | 40°N: net emissions only response of soil temperature at | 10 cm soil layer, the wetla values
sphagnum moss. | based on a simple rescaling of 25 cm  depth (calculated | degree of anoxia nds

South of 40°N:
C3 and C4
grasses only on
wetlands

heterotrophic respiration.

following Wania et al., (2009a))
across ecosystems, incorporating
damping of Q10 response due to
temperature _acclimation. CHy

and the availability
of substrate that
consists of a
fraction of litter and




production,  oxidation  and
transport use temperature
dependencies from Wania et al.
(2010), from each 10cm layer in
the soil.

soil carbon
decomposition

LPX-Bern wetland PFTs | gross production; gross | Ebullition Layered soil temperature, | Heterotrophic Yes Yes 0.5 Monthly Spahni et al,
include non- | consumption; net flux Diffusion, and Plant | different temperature responses | respiration and 2011; Stocker et
vascular, mediated transport for production, consumption, | carbon substrate al., 2014
Herbaceous diffusion
wetland, and
Woody  wetland
PFTs
ORCHIDEE No wetland- | gross emission (gross | Ebullition Microbial activities are not | Carbon Substrate No No 1 Daily Ringeval et al.,
specific PFTs production and oxidation) are | Diffusion, and Plant | represented directly. Only soil 2012;
simulated mediated transport temperature and soil moisture Guimberteau
which  influence  microbial 2018
activities are considered
SDGVM upland PFTs Net flux No specific transport | Q10 coefficient wusing air | Heterotrophic Yes Yes 0.5 Monthly SDGVM:
pathways temperature respiration Beerling &
Woodward
2001;Fluxes
following:
Singarayer et al.,
2011;  Wetland
area foloowing:
Hopcroft et al.,
2020
TEM-MDM Five primary | gross production; gross | Ebullition Q10 coefficient is used to | CHs production is | Yes No 0.5 Daily Zhuang et al.,
types of wetlands | consumption; net flux Diffusion, and Plant | account for soil temperature | modeled as an 2004; Liu et al.,
are considered in mediated transport effects on methanotrophy rates | anaerobic  process 2020
boreal, temperate within each 1 cm layer | that occurs in the
and tropical of the soil profile saturated zone of
regions (total 15 the soil profile,
subtypes). They controlled by
are forested bog, methanogenic
nonforested bog, substrate
forested swamp, availability, soil
nonforested temperatures, PH,
swamp and and redox potential.
alluvial
formations
VISIT No wetland- | gross  production; gross | Ebullition Layered soil temperature. Net Primary | No Yes 0.5 Monthly Ito and Inatomi,
specific PFTs consumption; net flux; Diffusion, and Plant Production 2012; Ito et al.,
mediated transport 2019
TRIPLEX-GHG a general wetland | net flux Ebullition Soil temperature factor was | CH, production was | Yes No 0.5 Daily (Zhu et al., 2015,

PFT was added
without
considering

Diffusion, and Plant

mediated transport

evaluated with and exponential
function that considering soil
temperature _and optimum soil

calculated as a
proportion of
heterotrophic

2017)




respiration (CO2—

specific  wetland
plants type

temperature for CH4 production.
The Q10 in the temperature
function for CH4 production and
CH; oxidation could be
calibrated separately.

C) along with soil
temperature,

Eh and pH
modification factors




Table S2. Factorial simulation setup for 2007-2020.

Simulation Temperature Precipitation CO;, concentration
Transient varying varying varying

Baseline climatology of 2000-2006 climatology of 2000-2006 2006 value
Temperature Fix run climatology of 2000-2006 varying varying
Precipitation Fix run varying climatology of 2000-2006 varying

CO; concentration Fix run varying varying 2006 value




Table S3. Modeled CH4 emissions (Unit: TgCHa4 yrt) and comparison with estimates from bottom-up (BU) and top-

down (TD) studies for regional CHa4 hotspots.

Region Emissions Method Reference
(TgCHa yr?)
Amazon 24+11 BU modeling This study
29 BU upscaling Melack et al., 2004
47.3-53.0 TD inversion* Bergamaschi et al., 2009
44+4.8 TD inversion* Ringeval et al., 2014
31.0-42.0 TD inversion* Wilson et al., 2016
35+5.6- BU upscaling* Pangala et al., 2017
41.745.9
38.2+5.3- TD inversion* Wilson et al., 2021
45.645.2
33.8+10.9 TD inversion* Basso et al., 2021
9.2+1.8 TD inversion Tunnicliffe et al., 2020
39.4+10.3 BU modeling Bloom et al., 2017
HBL 3+2.1 BU modeling This study
2.3 TD inversion Pickett-Heaps et al., 2011
WSL 4.7+2.9 BU modeling This study
6.1+1.2 TD inversion Bohn et al., 2015
5.3+x0.5 BU modeling Melton et al., 2013
3.9+1.3 BU upscaling Glagolev et al., 2011
Alaska 1.0£0.65 BU modeling This study
2.1+0.5 TD inversion Chang et al., 2014
1.740.3 TD inversion Miller et al., 2016
Pantanal 1.3£0.94 BU modeling This study
3.3 BU upscaling Marani and Alvala, 2007
2.1-3.6 BU modeling Gerlein-Safdi et al., 2021
2.0-2.80r3.3 TD inversion Gloor et al., 2021




Sudd 1.1+19

1.1+0.5

2.5-7**

7.2+£3.2%*

2.1-3.6**

BU modeling

BU modeling

TD inversion

TD inversion

BU modeling

This study

Bloom et al., 2017

Lunt et al., 2019

Pandey et al., 2021

Gerlein-Safdi et al., 2021

* These numbers do not distinguish generic wetland applied in this study with the estimates from open water system (e.g.,

rivers, lakes, ponds, and reservoirs)

**These numbers are derived from a short time period (2017-2020) when the strong positive anomaly occurred at Sudd

wetlands, while the model ensemble is average of 2000-2020 level.



Table S4. FLUXNET-CHeg site used in the temperature dependence analysis.

Site ID Site Name Country LAT LON Biome Ecosystem Site PIs DOI/
Type Dataset
CA-Scb Scotty Creek Bog Canada 61.31 -121.30 Boreal Forests Bog Oliver Sonnentag AmeriFlux
CA-Scc Scotty Creek Canada 61.31 -121.30 Boreal Forests Peat plateau Oliver Sonnentag doi:10.17190/A MF/1480303
plateau/collapse scar
DE-Sfn Schechenfilz Nord Germany 47.81 11.33 Temperate Bog Hans Peter Schmid European Fluxes Database Cluster
DE-Zrk Zarnekow Germany 53.88 12.89 Temperate Fen Torsten Sachs European Fluxes Database Cluster
FI-Lom Lompolojankka Finland 68.00 24.21 Boreal Forests Fen Annalea Lohila, Mika Aurela European Fluxes Database Cluster
FI-Si2 Siikaneva I1 Finland 61.84 24.17 Boreal Forests Bog Timo Vesala & Ivan Mammarella European Fluxes Database Cluster
FI-Sii Siikaneva I Finland 61.83 24.19 Boreal Forests Fen Timo Vesala & Ivan Mammarella European Fluxes Database Cluster
JP-Bby Bibai Mire Japan 43.32 141.81 Temperate Bog Masahito Ueyama European Fluxes Database Cluster
NZ-Kop Kopuatai New -37.39 175.55 Temperate Bog Dave Campbell https://researchc
Zealand ommons.waikato.ac.nz/handle/10 289/11393
RU-Ch2 Chersky reference Russia 68.62 161.35 Boreal Forests Wet tundra Matthias Goeckede European Fluxes Database Cluster
RU-Che Chersky Russia 68.61 161.34 Boreal Forests Wet tundra Matthias Goeckede European Fluxes Database Cluster
RU-Sam Samoylov Russia 72.37 126.50 Tundra Wet tundra Torsten Sachs European Fluxes Database Cluster
RU-Vrk Seida/Vorkuta Russia 67.06 62.94 Tundra Wet tundra Thomas Friborg European Fluxes Database Cluster
SE-Deg Degero Sweden 64.18 19.56 Boreal Forests Fen Mats Nilsson European Fluxes Database Cluster
SE-St1 Stordalen grassland (Mire) Sweden 68.35 19.05 Tundra Fen Thomas Friborg European Fluxes Database Cluster
SE-Sto Stordalen Palsa Bog Sweden 68.36 19.05 Tundra Bog Thomas Friborg European Fluxes Database Cluster
US-Atq Atqasuk USA 70.47 -157.41 Tundra Wet tundra Donatella Zona doi:10.17190/A MF/1246029
US-Beo Barrow USA 71.28 -156.61 Tundra Wet tundra Donatella Zona AmeriFlux
US-Bes Barrow USA 71.28 -156.6 Tundra Wet tundra Donatella Zona AmeriFlux
US-Bgl Bog Lake peatland USA 47.53 -93.74 Temperate Fen Narasinha Shurpali AmeriFlux
US-Bzb Thermokarst collapse bog USA 64.70 -148.32 Boreal Forests Bog Eugenie Euskirchen AmeriFlux
US-Bzf Rich Fen USA 64.70 -148.31 Boreal Forests Fen Eugenie Euskirchen AmeriFlux



US-Ics
US-Ivo
US-Los
US-Myb
US-NC4
US-Ngb
US-ORv
US-Owce
US-Sne

US-Twl
US-Tw4
US-Wpt

Wet sedge tundra

Ivotuk

Lost Creek

Mayberry Wetland

NC Alligator River

NGEE Barrow

River Wetland Research Park
Old Woman Creek

Sherman  Island  Restored
Wetland

Twitchell West Pond Wetland
Twitchell East End Wetland
Winous Point North Marsh

USA
USA
USA
USA
USA
USA
USA
USA
USA

USA
USA
USA

68.61
68.49
46.08
38.05
35.79
71.28
40.02
41.38
38.04

38.11
38.10
41.46

-149.31
-155.75
-89.98
-121.77
-75.90
-156.61
-83.02
-82.51
-121.76

-121.65
-121.64
-83.00

Tundra
Tundra
Temperate
Temperate
Temperate
Tundra
Temperate
Temperate

Temperate

Temperate
Temperate

Temperate

Wet tundra
Wet tundra
Fen

Marsh
Swamp
Wet tundra
Marsh
Marsh
Marsh

Marsh
Marsh
Marsh

Eugenie Euskirchen
Donatella Zona
Ankur Desai
Dennis Baldocchi
Asko Noormets
Margaret Torn

Gil Bohrer

Gil Bohrer

Dennis Baldocchi

Dennis Baldocchi
Dennis Baldocchi

Housen Chu

doi: 10.17190/AM F/1246130
doi:10.17190/A MF/1246067
doi: 10.17190/AM F/1246071
doi: 10.17190/AM F/1246139
doi:10.17190/A MF/1480314
doi: 10.17190/AM F/1436326
doi:10.17190/A MF/1246135
doi: 10.17190/AM F/1246094
doi: 10.17190/AM F/1418684

doi: 10.17190/AM F/1246147
doi: 10.17190/AM F/1246148
doi: 10.17190/AM F/1246155
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