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Text S1. Constructing the statistical model to predict meteorological effects on wetland emissions

Wetland methane fluxes from a specific gridcell often show strong correlations not only with local
meteorology, but also with the meteorological variables in the surrounding regions. For example, in many
cases (Fig. S1), regions with statistically significant correlations follow the network of rivers. These spatial
correlation patterns should help improve the predictive capability of a statistical model that just relies on

local meteorology as covariates.

Here, following Shen et al.(§7), we construct the regional climate patterns driving wetland methane fluxes
through the use of singular value decompositions (SVDs) of the spatial correlations between methane
emissions in each grid box and meteorological variables (7 and P) in the surrounding region (~1000 km).
The spatial correlations of these two variables, as demonstrated in Fig. S1, include information that can be
stored in a 20 x 20 x 2 (longitude X latitude x variable) matrix or a 400x 2 matrix if we align the longitude
and latitude into one dimension (denoted as F here). To effectively compress the information of this
multidimensional matrix, we adopt the SVD method, which proceeds as follows:

F=ULV" (Eq. S1)
where L is a diagonal matrix with non-negative numbers on the diagonal. Each column of the right matrix
of SVD, or V, represents the weights of 7" and P, representing the variable importance of each mode. Each
column of the right matrix, or U, represents the spatial weights of the corresponding mode. For example,
Fig. S2a-b shows the spatial and variable weights of the 1* SVD (SVD1) mode for the spatial information
presented in Fig. S1, and this mode explains 70 % of the total variance. The spatial weights highly resemble
the correlation pattern regarding P in Fig S1b. The corresponding variable weights reveal that precipitation
is the dominant factor in this mode. In the 2™ SVD mode, temperature is the dominating factor, and the
spatial weights show similar distribution with that in Fig. Sla, and. We repeat this exercise for each wetland

pixel.

For new meteorological fields, we can calculate each of the regional climate patterns using the inverse
process of Eq. S1. Before this, we scale the time series of each variable in each gridbox to have zero mean
and unit standard deviation. Here, we define this matrix for every month ¢, after being preprocessed, as M;,
which includes the standardized meteorological variables P and T for a specific month ¢. The magnitude of
each SVD mode is then calculated using the inverse process of SVD, written as

Sk = U"MVx (Eq. S2)
where Uy refers to the ™ column in the spatial weights matrix U, Vi to the k™ column in the variable weights
matrix V, and Sk is a scalar depicting the magnitude of the A SVD mode of the new meteorological field M,
for that month. The scales Sk is used as a predictor in the multivariate linear regression model in Eq. 3 and 4

(see Methods for details)



To avoid unrealistically extreme values predicted by statistical approaches (Eq. 3-4 in main text), we
determine the upper bound at different climate zones as follows. We first normalize monthly CH4 emissions
for each pixel by dividing data with 2000-2019 mean emissions, denoted as E,,. This process can factor out
the effect of the absolute magnitude of emissions observed across pixels. Grideells are classified in classes
of annual mean temperature 7,.c of the period 2000-2019, with bin size set to 2°C. For pixels falling in a
given temperature class (7,.c), we calculate E;y"as the 99™ percentile of all E,.. For a specific pixel 7 in the

class of T, its upper bound of methane emissions is determined as yf ,E%", where f_, is the mean value of

wetland CHy4 emissions in this pixel. In this work, ¥ is assumed to be 5, and the percentage of gridcells
reaching the upper bound is <0.01% in ssp119 and ~0.05% in ssp585. The predicted 2000-2100 changes of

emissions diff by <9% if y increases from 3 to 10.

Text S2. Suppressive effects of sulfate on methane formation

Methanogenesis in the anoxic environment is the primary pathway to produce CHa, using hydrogen, carbon
dioxide and acetate as substrates(87). In the presence of an excess of sulfate, sulfate-reducing bacteria (SRB)
compete with methanogens for the common substrates (hydrogen and acetate) (58, 88), using sulfate as a
terminal electron acceptor to degrade organic compounds (58). Importantly, the SRBs can easily out-

compete methanogens(58), thus suppressing the gross CH, formation (76, 58, 87).

Methanogenic reactions(58)
4H, + HCO3 + H* — CH, + 3H,0
Acetate™ + H,0 —» CH, + HCO3

Sulphate-reducing reactions (58)

4H, + SO%~ + H* - HS™ + 4H,0

Acetate™ + SO3~ — HS™ + 2HCO3

Other oranigc acids + SO3~ — Acetate™ + HS™ + 2HCO3

1.1  Text S3. Future projection of wetland area

Only a limited number of CMIP6 models provide archives of wetland areas. Here, we select these models
based on two criteria: (1) the model should include all Tier-1 climate scenarios (ssp126, ssp245, ssp37, and
ssp585) to provide a full spread of sensitivity to radiative forcing, and (2) the global wetland area is in the
normal range of 1-20 million km? (89). Finally, we identified 5 models, including CanESMS5, CESM2,
CESM2-WACCM, NorESM2-LM, and NorESM2-MM. Among these models, only CanESM5 provides
outputs for all the historical and 7 future climate scenarios. The wetland area in these models also differs by
45%, ranging from 4.4 to 6.4 million km”. Thus, to avoid bias in model selection and to fully account for the
uncertainty inherent in these models, we first estimate the wetland area of the missing scenarios using a

simple linear interpolation based on those of nearest radiative forcing:



Assp119 = 1'37Assp126 - 0-37Assp245
Assp434 = 0-58Assp126 + 0-4'2Assp245
Assp460 = 0-60Assp370 + 0-4'0Assp245

From 2000-2100, global wetland area, derived from 5 CMIP6 models, remains largely unchanged (-3% to
5%) in low-CO; scenarios (ssp119, ssp126), and increases by ~10% with large discrepancies across models
(5-25%) in ssp585 (Fig. S28-29). Tropical wetlands are estimated to become drier in the future climate,
resulting in declining extents (Fig. S28-S29). Conversely, northern mid- to high-latitude wetlands are
expected to increase by ~20% in ssp585.

Correlation of wetland methane emissions in one selected gridcell with meteorology in surrounding regions
(a) Correlation of emissions with T A (b) Correlation of emissions with P

Fig. S1. Correlations of methane fluxes in one selected gridcell (denoted as the black triangle) with
meteorological variables in surrounding regions. Panels shows monthly correlations with (a) temperature

and (b) precipitation from 2001-2019. The river network is overlayed with maps(90).



Constructing the regional climate patterns through the SVD method
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Fig. S2. Spatial and variable weights of the SVD method. The top panel shows the spatial and variable
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weights for the 1% singular value decomposition (SVD) modes. The spatial weight refers to the first column
of the right matrix, or U, in Equation S1, representing the importance of this weighting in different gridcells.
The variable weights represent the variable importance of this mode, denoted as the first column of the right

matrix of SVD, or V.

Examples of wetland methane fluxes linking to meteorology in surrounding regions
; =N .

b

0.5

0.0

0.5

0.0

-0.5

Fig. S3. Correlations of monthly wetland methane emission in one selected gridcell (the triangle in

each panel) with precipitation in all surrounding regions. The river network is overlayed with maps(90).

These patterns clearly show that wetland fluxes are linked to precipitation in the upstream rivers and regions.



Model performance (R2) using local and regional meteorological effects

(a) Using local meteorology (b) Using local + regional meteorology (c) Increase of R? after using regional meteorology

R2

Fig. S4. Effects of meteorological effects in improving the predicative capability. (a) The correlation of
determination (R?) from using only local meteorology. (b) Same as (a) but for using both local meteorology
and regional climate patterns. (c) The increment of R? from adding regional climate patterns in the linear

regression model.
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Fig. S5. Difference in R* using Eq. 3 vs. Eq. 4. For each pixel, we fit the data with both models and
select the one with higher R?. According to this figure, we select Eq. 4 in gridcells with red colors and Eq.

3 with blue colors. Here, this figure denotes the result in one process-based model from WetCHARTSs.



Wetland emissions from top-down and bottom-up inventories
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Fig. S6. Timeseries of global wetland methane emissions from 1990 to 2019. Inventories include those

from using top-down and bottom-up approaches (see Table S1 for more details).

Global wetland emissions from 135 previous studies
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Fig. S7. Global wetland methane emissions from bottom-up vs. top-down approaches from 135
previous studies (Data S1). The top and bottom of the box are the 25th and 75th percentiles, the vertical
bars are for the 5th and 90th percentiles, and the center line is the 50th percentile.



Anthropogenic S emissions and deposition rates in CMIP6 models
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(a) Anthropogenic SO, emissions
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Fig. S8. Anthropogenic SO; emissions and future changes of sulfate deposition rates in different

scenarios. (a) Global anthropogenic SO, emissions from 1900-2100 used in AerChemMIP models. (b)

Global average S deposition rates in 2000, averaged from 4 CMIP6 models (see Table S3 for more details).
(c) Changes of S deposition rates in the ssp119 scenario from 2000-2100. (d) Same as (b) but for the ssp585

scenario.



Anthropogenic SO, emissions in different domains under different CMIP6 scenarios (1900-2100)
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Fig. S9. Anthropogenic SO; emissions in different domains under different CMIP6 scenarios. The data

used in this figure is from Durack et al. (38)



Relationship of CO, fertilization effects with different environmental variables

InRR vs. latitude InRR vs. water table level InRR vs. wetland types
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Fig. S10. Relationship of InRR (the natural log of the response ratio) with different covariates,
including latitudes, water table levels and wetland types. The data is from Data S2. The equation for InRR
can be found in Eq. 2.

Fraction of C4 vegetation from Still (2003)

100

Fig. S11. The global distribution of the faction of C4 plants (Still et al.(62)). Ganesan et al.(97)

demonstrated that the wetland §'*C(CH4) source signature based on this C4 distribution map can match the

signatures derived from atmospheric observations.



Suppressive effects of sulfate deposition on global wetland methane emissions from 1900-2100

CH4supmesﬁon(Tga4)

1 -15 1 1

o
C}I'

historical
ssp119
ssp126
ssp434

ssp370
ssp585

1900

190 2000 2050 2100

Fig. S12. The suppressive effects of sulfate deposition on global wetland emissions along different
climate scenarios.



Effects of meteorological and biogeochemical feedback on global wetland CH4 emissions
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Fig. S13. Wetland methane emissions relative to the 2000 baseline (171 Tg a™!) across all 7
climate scenarios, with the contribution of each feedback pathway. Emission changes are
presented as both absolute and relative variations from the 2000 baseline. The rightmost y-axis

indicate the total wetland methane emissions, incorporating all feedback pathways.



AT and AP from 2000-2100 in the tropics and mid-high latitudes
in different climate scenarios
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Fig. S14. The 2000-2100 changes of T and P in 7 climate scenarios for these latitudinal mean values in
the tropics and mid-high latitudes. Tropics refer to the latitude band between 22.5°S and 22.5°N. Mid-
high latitudes refer to regions north of 22.5°N and south of 22.5°S. The CMIP6 models used in the

calculation here are listed in Table S2.

Changes of temperature and precipitation from 2000-2100 at different latitude bands in different climate scenarios
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all available models and realizations (see Table S2 for details).
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Percent and absolute changes of methane emissions at different latitude bands in different climate and socioeconomic scenarios
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Fig. S16. Percent (top panel) and absolute changes (bottom panel) of wetland methane emissions from

2000-2100 in different latitude bands. Each bar represents the emissions for every 5° of latitude bands,

averaged from all available experiments.

Different quantiles of response sensitivity to S deposition and CO, fertilization

(a) Effects of S deposition on CH, emissions
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Fig. S17. Different levels (from low to high) of response sensitivities of wetland methane emissions to

(a) sulfate deposition and (b) CO; enrichment. The lines in (a) and triangles in (b) denote the 1%, 20™,

50™, 80™, and 99™% quantiles of sensitivity from bootstrap resampling of field experiments (Data S2 and

S3). More details can be found in Fig. 2.




Uncertainty using different quantiles of response sensitivity to S deposition and CO, fertilization
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Fig. S18. The effects of meteorological and biogeochemical feedbacks (CO, fertilization, sulfate
suppression) on wetland methane emissions from 2000 to 2100. For biogeochemical feedbacks, the
changes are calculated using corresponding sensitivity levels at the 1%, 20™, 50, 80" and 99™ percentiles

(see Figure S15 for details).
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Fig. S19. Relationship of annual mean methane flux rates from site observations and sulfate
deposition rates in (a) all aquatic ecosystems and (b) freshwater wetland only. Each point represents an
Sulfate deposition rates are obtained from CovidMIP
(https://doi.org/10.5194/gmd-14-3683-2021). We include all sites in FLUXNET-CH4, supplemented with a
few sites from AmeriFlux (US-Cms, US-MBP and US-Sag, https://ameriflux.lbl.gov/) and EuroFlux (CZ-

observation in one particular year.

wet and DE-SfN, http://www.europe-fluxdata.eu/) with some of these observations dating back to the 2000s.



Comparison of S effects with interannual wetland CH4 fluxes
in FLUXNET-CH4 sites from 2000 to 2018
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Fig. S20. Comparison of sulfate deposition effects from 2000 to 2018 with the standard deviation of

S deposition effects

interannual wetland methane fluxes in FLUXNET-CHA4 sites, both expressed as relative changes to the
mean methane fluxes. The effects of sulfate deposition on wetland methane fluxes are calculated by applying

the empirical suppressive effects from field measurements (Fig. 2a) to atmospheric sulfate deposition rates

in CovidMIP (https://doi.org/10.5194/amd-14-3683-2021).
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enrichment experiment that are collected from previous literature and used in this study (Data S3).
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See more details in Methods.
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Suppressive effects of sulfate on methane emissions in rice paddies
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Fig. S22. Relative changes of methane emissions in rice paddies after different sulfate application rates
collected from field experiments. This figure uses the data from Denier et al. (73) and additional

measurements from Gauci et al.(74).

Correlation coefficient of monthly wetland CH, fluxes with temperature and precipitation (2001-2019)
Correlation with T Correlation with precipitation
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Fig. S23. Correlations of monthly wetland methane fluxes with local temperature and precipitation.
Here, we calculate the correlation coefficient for every methane emission inventory (31 bottom-up and 8

top-down inventories), and the averaged values are shown here.



Validation of wetland CH, flux rates from our empirical models with FLUXNET-CH4 observations
(a) Monthly correlation coefficients of wetland CHs fluxes between FLUXNET-CH4 and empirical models
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Fig. S24. Verification of methane fluxes from empirical models using FLUXNET-CH4 data.

(a)

Temporal correlation coefficients of wetland fluxes on a monthly scale, calculated for sites with at least 12

months of observations. The boxplot illustrates the distribution of correlation coefficients from all sites. (b)

Ratios of annual mean CH4 fluxes from empirical models compared to those from FLUXNET-CH4 sites. (c)

Monthly CH4 fluxes from our empirical models and FLUXNET-CH4 sites for 6 representative sites. Black

circles in Panel (a) denote the locations of these 6 sites. Please note that our empirical models are trained at

~100 km resolution.



Wetland methane emissions at different latitudes by observation-based, process, inversion and empirical models

(a) Annual mean wetland CH, flux rates from empirical models (b) Wetland CH,4 emissions at different latitudes
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Fig. S25. Comparison of annual wetland methane emissions globally and by latitudes across different
datasets. (a) Wetland methane fluxes from empirical models at a 1°x1° horizontal resolution. The right panel
shows the latitudinal emissions from empirical models, WetCharts, atmospheric inversions, GCP models
(Table S1), and UPCHA4(83) (upscaled from FLUXNET-CH4 using the wetland area WAD2M(§2)), all
integrated at 1° intervals. (b) Comparison of wetland CHs emissions from different datasets, integrated
across different latitude bands. The comparison also includes 22 models that participated in the latest Global
Carbon Project for the methane budget (5). According to McNico et al. (83), the UpCH4 product is subject
to high uncertainty in (sub)tropical regions due to observation scarcity (7 sites), and is more suitable for

comparison in non-tropical wetlands.
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Trained by WetCharts Trained by Inversion Fluxes
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Fig. S26. Comparison of percent emissions in different months from wetlands at different latitude
bands. The numbers are calculated among empirical models trained by WetCharts, atmospheric inversion,

and GCP models (Table S1), which are compared with these in UpCH4.
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Fig. S27. Comparison of temperature dependence (Q10) among UpCH4, FLUXNET-CH4 and models
used in this work. (a) The correlation coefficient of wetland methane fluxes from the empirical models
developed in this work and surface air temperature. (b) Q10 in different FLUXNET-CH4 sites. (c¢) Q10
among UpCH4, FLUXNET-CHj4 and this work in four boreal wetland regions.



Global wetland area from 2000-2100 in different CMIP6 models
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Fig. S28. Global wetland area in different CMIP6 models. The dashed line denotes the emissions in the

year 2000. Among these models, only CanESMS5 provides outputs for all the historical and 7 future climate

scenarios. Thus, we estimate the wetland area of the missing scenarios using a simple linear interpolation

based on those of nearest radiative forcing.
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Fig. S29. Timeseries of global wetland area from 1900-2100 in tropical and mid-latitude regions,

averaged from outputs of 5 CMIP6 models.
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Table S1. Bottom-up and top-down inventories to constrain meteorological sensitivities (N=39) in

this work.

retrievals from
SCIAMACHY

Methods Model # Resolution | Timeframe | Emissions (Tg a™) Inputs References
Model 1 124.2
Model 2 123.7
Model 3 122.0
Model 4 121.7
Model 5 120.9
Model 6 120.7
Model 7 165.6
Model 8 164.9
WetCharts Model 9 o o 162.7 Bloom et al.(49)
v13.1 Model 10 0.570.5%  2000-2019 162.2
Model 11 161.2
Model 12 160.9
Model 13 207.0
Model 14 206.2
Model 15 203.3
Model 16 202.8
Model 17 201.5
Model 18 201.1
CLASS-CTEM 180.7
DLEM 150.3
ELM 164.9
JSBACH 129.7
Land JULES 182.5
pmfﬁs LPJ-GUESS 166.3
parrg‘c’ipztsmg LPJ-MPI 0.5°x0.5°  2008-2017 162.0 Saunois et al. (3)
in the GCP LPJ-WSL 145.1
project LPX 138.6
ORCHIDEE 142.6
TEM-MDM 106.5
TRIPLEX-GHG 102.4
VISIT 163.2
surface air-
CAMS vllrl 30%2° 2000-2015 185.0 sample
measurements
surface air-
CAMS vleérl 30%2° 2000-2016 188.7 sample
measurements
surface air-
CAMS_vl6rls 30x2° 2000-2016 187.8 sample and
- satellite
measurements https://www.ecmwf.int/en/forecasts/dataset/cams-
surface air- greenhouse-gas-ghg-flux-inversions
CAMS _vlé6r2 30%2° 2000-2016 189.6 sample
measurements
surface air-
T CAMS vl17rl 30%2° 2000-2017 191.6 sample
op-down
measurements
surface air-
CAMS_v17rls 30x2° 2000-2017 190.9 sample and
- satellite
measurements
NOAA
MACC-IIL_v10-SINOAA 6°%4° 2000-2012 204.1 surface
observations
NOAA
surface https://www.ecmwf.int/en/forecasts/dataset/macc-
observations greenhouse-gas-ghg-flux-inversions
MACC-III_v10-S1SCIA 6°%4° 2000-2012 205.4 and the XCH4
satellite




Table S2. Projection of meteorology in different scenarios by CMIP6 models’.

Scenarios

# of
models

Model names

# of
realizations

historical

sspl19

sspl26

ssp434

ssp245

ssp460

ssp370

ssp585

30

30

24

25

28

ACCESS-CM2, ACCESS-ESM1-5, AWI-CM-1-1-MR, BCC-CSM2-MR, BCC-ESM1, CAMS-CSM1-0,
CanESM5, CanESM5-CanOE, CAS-ESM2-0, CESM2, CMCC-CM2-HR4, CMCC-CM2-SRS5, CMCC-ESM2,
CNRM-CM6-1, CNRM-CM6-1-HR, CNRM-ESM2-1, E3SM-1-0, E3SM-1-1-ECA, EC-Earth3, FGOALS-f3-
L, FGOALS-g3, FIO-ESM-2-0, GFDL-ESM4, GISS-E2-1-G, GISS-E2-1-H, IITM-ESM, IPSL-CM6A-LR,
MPI-ESM1-2-HR, NESM3, TaiESM1

CAMS-CSM1-0, CanESM5, CNRM-ESM2-1, EC-Earth3, FGOALS-g3, GFDL-ESM4, GISS-E2-1-H, IPSL-
CM6A-LR, MPI-ESM1-2-LR

ACCESS-CM2, ACCESS-ESM1-5, AWI-CM-1-1-MR, BCC-CSM2-MR, CAMS-CSM1-0, CanESMS,
CanESM5-CanOE, CAS-ESM2-0, CESM2, CMCC-CM2-SR5, CMCC-ESM2, CNRM-CM6-1, CNRM-CM6-
1-HR, CNRM-ESM2-1, EC-Earth3, FGOALS-f3-L, FGOALS-g3, GFDL-ESM4, GISS-E2-1-H, IITM-ESM,
INM-CM4-8, INM-CMS5-0, IPSL-CM5A2-INCA, IPSL-CM6A-LR, KACE-1-0-G, MPI-ESM1-2-HR, NESM3,
NorESM2-LM, NorESM2-MM, TaiESM1

CanESMS5, CNRM-ESM2-1, EC-Earth3, FGOALS-g3, GISS-E2-1-H, IPSL-CM6A-LR

ACCESS-CM2, ACCESS-ESM1-5, AWI-CM-1-1-MR, BCC-CSM2-MR, CAMS-CSM1-0, CanESMS,
CanESM5-CanOE, CAS-ESM2-0, CESM2, CMCC-CM2-SR5, CMCC-ESM2, CNRM-CM6-1, CNRM-CM6-
1-HR, CNRM-ESM2-1, E3SM-1-1, EC-Earth3, FGOALS-f3-L, FGOALS-g3, GFDL-ESM4, IITM-ESM, INM-
CM4-8, MPI-ESM1-2-HR, NorESM2-MM, TaiESM1

CanESMS5, CNRM-ESM2-1, EC-Earth3, FGOALS-g3, GISS-E2-1-H, IPSL-CM6A-LR

ACCESS-CM2, ACCESS-ESM1-5, AWI-CM-1-1-MR, BCC-CSM2-MR, BCC-ESM1, CAMS-CSM1-0,
CanESM5, CanESM5-CanOE, CAS-ESM2-0, CESM2, CMCC-CM2-SR5, CMCC-ESM2, CNRM-CM6-1,
CNRM-CM6-1-HR, CNRM-ESM2-1, EC-Earth3, FGOALS-f3-L, FGOALS-g3, GFDL-ESM4, GISS-E2-2-G,
IITM-ESM, INM-CM4-8, MPI-ESM1-2-HR, NorESM2-LM, TaiESM 1

ACCESS-CM2, ACCESS-ESM1-5, AWI-CM-1-1-MR, BCC-CSM2-MR, CAMS-CSM1-0, CanESMS,
CanESM5-CanOE, CAS-ESM2-0, CMCC-CM2-SR5, CMCC-ESM2, CNRM-CM6-1, CNRM-CM6-1-HR,
CNRM-ESM2-1, E3SM-1-0, E3SM-1-1, E3SM-1-1-ECA, EC-Earth3, FGOALS-f3-L, FGOALS-g3, GFDL-
ESM4, GISS-E2-1-H, IITM-ESM, IPSL-CM6A-LR, MPI-ESM1-2-HR, NESM3, NorESM2-LM, NorESM2-
MM, TaiESM1

83

31

64

20

64

23

73

65

All

39

ACCESS-CM2, ACCESS-ESM1-5, AWI-CM-1-1-MR, BCC-CSM2-MR, BCC-ESM1, CAMS-CSM1-0,
CanESM5-CanOE, CanESMS5, CAS-ESM2-0, CESM2, CMCC-CM2-HR4, CMCC-CM2-SRS5, CMCC-ESM2,
CNRM-CM6-1-HR, CNRM-CM6-1, CNRM-ESM2-1, E3SM-1-0, E3SM-1-1-ECA, EC-Earth3, FGOALS-f3-
L, FGOALS-g3, FIO-ESM-2-0, GFDL-ESM4, GISS-E2-1-G, GISS-E2-1-H, IITM-ESM, IPSL-CM6A-LR,
MPI-ESM1-2-HR, NESM3, TaiESM1, MPI-ESM1-2-LR, INM-CM4-8, INM-CM5-0, IPSL-CM5A2-INCA,
KACE-1-0-G, NorESM2-LM, NorESM2-MM, E3SM-1-1, GISS-E2-2-G

423

“For each model and each climate scenario, we include up to 5 realizations (e.g. rlilplfl, r2ilp1fl) to fully
consider the spread of climate sensitivity due to randomization in model setups and spin-ups. For Tier 1 scenarios
(historical, ssp126, ssp245, ssp37, and ssp585), at least 24 models and >60 realizations are used in the analysis.
For Tier 2 scenarios (ssp119, ssp434, ssp460), fewer but still a sufficient number of models (6-9) and realizations
(>20) are available for evaluation.



Table S3. Projection of sulfate deposition in different scenarios by AerChemMIP models.

Model Available scenarios

CanESM5 historical, ssp119, ssp126, ssp245, ssp370, ssp434, ssp460, ssp585
GFDL-ESM4 historical, ssp119, ssp126, ssp245, ssp370, ssp585

MIROC-ES2L historical, ssp119, ssp245, ssp370, ssp585

MRI-ESM2-0 historical, ssp119, ssp126, ssp245, ssp370, ssp434, ssp460, ssp585

Table S4. Meteorological and biogeochemical feedback on 2000-2100 wetland methane emissions.

Biogeochemical effects

Met (Tg ah) Total Ratio of biogeochemical to meteorological feedback effects
Scenarios effects effect
(Tga™) . fficts et('i“g:zts Se;fi?tz (Tga) S/meteorology ~ COgz/meteorology  (S+COz)/meteorology  (S+COz)/Total

sspl19 11.2 6.9 1.7 (1.7) 8.6 19.9 61.4% 15.2% 76.7% 43.5%
sspl126 21.0 7.0 5.7(5.0) 12.7 33.7 33.2% 27.3% 60.5% 37.7%
ssp434 31.1 44 8.2(7.0) 12.6 43.6 14.1% 26.3% 40.4% 28.8%
ssp245 39.0 3.1 (}2‘2) 22.7 61.6 8.0% 50.2% 58.2% 36.8%
ssp460 56.2 1.2 é;é) 28.4 84.5 2.2% 48.3% 50.5% 33.5%
ssp370 63.6 -4.2 (3(7)‘3) 43.6 107.2 -6.6% 75.3% 68.7% 40.7%
ssp585 99.6 0.1  91.9(76.9) 91.9 191.4 0.1% 92.3% 92.3% 48%

"The number in parathesis denote the effects of CO: fertilization on wetland methane emissions after excluding C4-plants from calculation.



Table SS. Comparison of projected wetland methane emissions with previous studies.

Parameterization of

biogeochemical Method details ACHa4 emissions from 2000-2100 (Tg a™)
et Method Historical | gop119 | SSP126 | SSP434 | SSP245 | SSP460 | SSP370 | SSP585
elerence co (including (Tg )
y 3 S effects land surface Description® g Bl AlB A2
effects
model names
if used) RCP2.6 RCP4.5 | RCP6.0 RCP8.5
. . . S 31LSM +38
This study yes, type 1 yes Data-driven INV. 7 scenarios 174 20 34 44 62 85 107 191
Zhang et . . 1LSM, 4
al(10) yes, type 2 no LPJ-wsl scenarios 175 36 72 93 163
. 17LSM + 11
Koffietal.(/8) | no no Data-driven INV. 4 scenarios 175 14 33 41 90
Gedney et al. . JULES-CS, 1LSM, 4 . 16.2- R
(20) yes, type 2 1o JULES-NPP scenarios 173 49-36.0 9.2 40.8-269
Zhang et . . 1LSM, 4
al(19) yes, type 2 no LPJ-wsl scenarios 172 49.6 83 100 166
Stocker et 1LSM, 2
al(24) yes, type 2 no LPX-Bern 1.0 scenarios 221 7.0-24.0 82-122
Ringeval et . ORCHIDEE- 1LSM, 1
al.(92) yes, type 2 no WET scenario 21 173-321
IAP RAS CM
Eliseev et no no FCHe L LSM, 3 133-139 31-34 44-46 58-60
al.(21) parametrizatio scenarios
n
Volodin et 1LSM, 1
al(35) yes, type 2 no INM + LSM scenario 240 100
Shindell et GISS Model 1LSM, 1
al.(22) yes, type 2 1o 11 scenario 156 121
Gedney et . 1LSM, 1
al(23) yes, type 2 no MOSES-LSH scenario 298 255

Type 1 refers statistical parameterization of COx fertilization effects directly constrained by experimental data.
COz effects through biosphere feedback (e.g., NPP and soil carbon).

fLSM refers to land surface models. INV refers to using inventory from atmospheric inversions.

Type 2 refers to representation of




Table S6. Projected changes of wetland CH4 emissions in ssp119 and ssp126 scenarios, compared to
major global CHy sources and mitigation targets.

CH, mitigation potential or Timeframe or

References sources emission vears
(Tga™) Y
Wetland methane emissions in ssp119 and ssp126 scenarios
20 2000-2100
AEmissions in ssp119 14 2020-2050
10 2020-2030
33 2000-2100
AEmissions in ssp126 19 2020-2050
9 2020-2030
Major global CH,4 sources
Global ocean emissions 9 Present-day
Global aquaculture emissions 6-14 Present-day

Global source - sink net budget from an ensemble of atmospheric

inversion studies (3) 13 (0-49) 2008-2017
(C‘;l;))bal source - sink net budget from atmospheric methane growth 14412 2000-2019
The US oil-gas emissions (67) 13+£2 2018
China’s coal emissions 19 2019
Global coal emissions - UNFCCC (66) 33 2019
Global oil-gas emissions - UNFCCC (68) 48 2019
Mitigation targets from different estimates
Global agricultural mitigation target toward the 1.5°C goal (94) 55 (30-80) 2030
Global energy mitigation target toward the 1.5°C goal (94) 125 (100-150) 2030
Global methane pledge (reducing methane emissions by 30%)(69) 108 2030
Changes of anthropogenic methane emissions in the ssp119 100 2020-2030
scenario(38) 180 2020-2050
Changes of anthropogenic methane emissions in the ssp126 60 2020-2030
scenario(38) 130 2020-2050

* The 20-year mean atmospheric methane growth rates are 4.9 + 4.3 ppb a”! (https://gml.noaa.gov/ccgg/trends_ch4/).
We obtain the growth of atmospheric methane emissions based on the conversion factor of 2.75 Tg CHa ppb™! given
by Prather et al. (93).



Data S1
Wetland methane emissions collected from 135 estimates using bottom-up and top-down approaches. See

Extended Data S1.xIsx for details.

Data S2
Suppressive effects of sulfate deposition on wetland methane emissions from 30 controlled experiments. See

Extended Data S2.xIsx for details.

Data S3

Effects of CO; enrichment on wetland CH4 emissions from 118 experiments in 34 individual sites. See
Extended Data S3.xlIsx for details.
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