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Figure S1: Comparison of model-derived depth L when CH4(L)=0 (top left), CH4 (L) = 0.1 ppm (top right), the difference in depth L using the two approaches (bottom left), and CH4 consumption profiles in soil and total uptake flux using fixed parameters of k, D and CH4 (bottom right).

Supplementary 2: Observations used to construct rSM, rT and rN. 

Table S1. Observations used to construct rSM based on the response of the CH4 soil uptake to soil moisture in different ecosystems.
	Author
	Ecosystem
	Location
	Soil Moisture % w/w
	CH4 oxidation  
(mg CH4 m-2 day-1)
	rSM

	Adamsen & King, 1993
	Subartic forest
	54°43'N,66°42'W
	10
	0.8
	0.53

	Adamsen & King, 1993
	Subartic forest
	54°43'N,66°42'W
	20
	1.5
	1.00

	Adamsen & King, 1993
	Subartic forest
	54°43'N,66°42'W
	30
	0.7
	0.47

	Adamsen & King, 1993
	Subartic forest
	54°43'N,66°42'W
	40
	0.3
	0.20

	Castro et al., 1995
	Temperate forest
	42°30´N,72°10´W
	20
	6.0
	1.00

	Castro et al., 1995
	Temperate forest
	42°30´N,72°10´W
	40
	4.8
	0.80

	Castro et al., 1995
	Temperate forest
	42°30´N,72°10´W
	60
	2.4
	0.40

	Castro et al., 1995
	Temperate forest
	42°30´N,72°10´W
	100
	0
	0.00

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N, 148°N
	10
	0.96
	0.31

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N, 148°N
	20
	1.68
	0.54

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N, 148°N
	30
	2.64
	0.85

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N, 148°N
	40
	3.12
	1.00

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N, 148°N
	60
	2.14
	0.69

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N, 148°N
	80
	0.7
	0.22

	Singh et al., 1997
	Dry tropical forest
	25°N, 83°E
	5
	0.22
	0.27

	Singh et al., 1997
	Dry tropical forest
	25°N, 83°E
	7
	0.41
	0.51

	Singh et al., 1997
	Dry tropical forest
	25°N, 83°E
	8
	0.59
	0.73

	Singh et al., 1997
	Dry tropical forest
	25°N, 83°E
	10
	0.81
	1.00

	Singh et al., 1997
	Dry tropical forest
	25°N, 83°E
	12
	0.6
	0.74

	Singh et al., 1997
	Dry tropical forest
	25°N, 83°E
	14
	0.25
	0.31

	Singh et al., 1997
	Dry tropical forest
	25°N, 83°E
	18
	0.18
	0.22

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	16
	0.2
	0.25

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	19
	0.6
	0.75

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	21
	0.7
	0.88

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	23
	0.8
	1.00

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	25
	0.5
	0.63

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	27
	0.4
	0.50

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	29
	0.3
	0.38

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	33
	0.1
	0.13

	Tate et al., 2007
	Temperate forest
	39°33´S,175°41´E
	10
	0.24
	0.25

	Tate et al., 2007
	Temperate forest
	39°33´S,175°41´E
	20
	0.72
	0.75

	Tate et al., 2007
	Temperate forest
	39°33´S,175°41´E
	40
	0.96
	1.00

	Tate et al., 2007
	Temperate forest
	39°33´S,175°41´E
	60
	0.72
	0.75

	Tate et al., 2007
	Temperate forest
	39°33´S,175°41´E
	70
	0.48
	0.50

	Lau et al., 2015
	Tundra
	79°24´N,90°45´W
	33
	0.73
	1.00

	Lau et al., 2015
	Tundra
	79°24´N,90°45´W
	66
	0.11
	0.15

	Lau et al., 2015
	Tundra
	79°24´N,90°45´W
	100
	0.08
	0.11




Table S2. Observations used to construct rT based on the response of the CH4 soil uptake to temperature in different ecosystems.
	Author
	Ecosystem
	Location
	Temperature (°C)
	CH4 oxidation
(mg CH4 m-2 day-1)
	rT

	Whalen et al., 1990
	Landfill cover soil
	37°N, 122°W
	5
	18
	1.60

	Whalen et al., 1990
	Landfill cover soil
	37°N, 122°W
	10
	30
	2.00

	Whalen et al., 1990
	Landfill cover soil
	37°N, 122°W
	15
	48
	2.60

	Whalen et al., 1990
	Landfill cover soil
	37°N, 122°W
	20
	50
	2.67

	   Whalen et al., 1990
	Landfill cover soil
	37°N, 122°W
	30
	65
	3.17

	Whalen et al., 1990
	Landfill cover soil
	37°N, 122°W
	35
	70
	3.33

	Whalen et al., 1990
	Landfill cover soil
	37°N, 122°W
	45
	0
	1.00

	Dunfield et al., 1993
	Subartic peat soil
	45°14´N, 78°53´W
	0
	10
	1.25

	Dunfield et al., 1993
	Subartic peat soil
	45°14´N, 78°53´W
	5
	40
	2.00

	Dunfield et al., 1993
	Subartic peat soil
	45°14´N, 78°53´W
	10
	55
	2.38

	Dunfield et al., 1993
	Subartic peat soil
	45°14´N, 78°53´W
	15
	88
	3.20

	Dunfield et al., 1993
	Subartic peat soil
	45°14´N, 78°53´W
	20
	90
	3.25

	Dunfield et al., 1993
	Subartic peat soil
	45°14´N, 78°53´W
	25
	85
	3.13

	Dunfield et al., 1993
	Subartic peat soil
	45°14´N, 78°53´W
	30
	60
	2.50

	King and Adamsen, 1992
	Temperate forest
	54°43´ N, 66° 42´W
	5
	0
	1.00

	King and Adamsen, 1992
	Temperate forest
	54°43´ N, 66° 42´W
	10
	0.35
	2.00

	King and Adamsen, 1992
	Temperate forest
	54°43´ N, 66° 42´W
	20
	0.8
	3.29

	King and Adamsen, 1992
	Temperate forest
	54°43´ N, 66° 42´W
	30
	1.07
	4.06

	King and Adamsen, 1992
	Temperate forest
	54°43´ N, 66° 42´W
	40
	1.07
	4.06

	King and Adamsen, 1992
	Temperate forest
	54°43´ N, 66° 42´W
	45
	0
	1.00

	Castro et al., 1995
	Temperate forest
	42° 30´N, 72°10´W
	-5
	0.35
	0.48

	Castro et al., 1995
	Temperate forest
	42° 30´N, 72°10´W
	0
	0.72
	1.00

	Castro et al., 1995
	Temperate forest
	42° 30´N, 72°10´W
	5
	1.92
	1.53

	Castro et al., 1995
	Temperate forest
	42° 30´N, 72°10´W
	10
	3.6
	2.00

	Castro et al., 1995
	Temperate forest
	42° 30´N, 72°10´W
	20
	4.8
	2.33

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N 148°W
	10
	2.78
	2.00

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N 148°W
	20
	5.56
	3.00

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N 148°W
	30
	4.86
	2.75

	Whalen and Reeburgh, 1996
	Boreal forest
	64°N 148°W
	40
	1.25
	1.45

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	5
	0
	1.00

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	10
	1.8
	2.00

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	15
	3.8
	3.11

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	20
	4.2
	3.33

	Dasselaar et al., 1998
	Grassland
	52°09´N, 5°5´E
	25
	5
	3.78

	Del Grosso et al., 2000
	Grassland 
	40°47´N, 104°36´W
	-7
	0.2
	0.3

	Del Grosso et al., 2000
	Grassland 
	40°47´N, 104°36´W
	-4
	0.3
	0.4

	Del Grosso et al., 2000
	Grassland 
	40°47´N, 104°36´W
	-3
	0.5
	0.7

	Del Grosso et al., 2000
	Grassland 
	40°47´N, 104°36´W
	0
	0.7
	1.00

	Bradford et al., 2001
	Temperate forest
	51°N, 2°W
	3
	1.79
	1.61

	Bradford et al., 2001
	Temperate forest
	51°N, 2°W
	6
	2.08
	1.71

	Bradford et al., 2001
	Temperate forest
	51°N, 2°W
	9
	2.50
	1.86

	Bradford et al., 2001
	Temperate forest
	51°N, 2°W
	12
	2.92
	2.00

	Bradford et al., 2001
	Temperate forest
	51°N, 2°W
	15
	3.33
	2.14

	Lau et al., 2015
	Tundra
	79°24´N, 90°45´W
	4
	0.25
	2.00

	Lau et al., 2015
	Tundra
	79°24´N, 90°45´W
	10
	0.75
	4.00



 

Table S3. Observations used to construct rN based on the response of the CH4 soil uptake to the addition of nitrogen in different ecosystems.
	Author
	Ecosystem
	Location 
	N added 
(kg N ha- 1 y-1)
	CH4 oxidation reduction (%)

	Steudler et al., 1989
	Temperate forest
	43°31´N,72°11´W
	37
	15

	Steudler et al., 1989
	Temperate forest
	43°31´N,72°11´W
	120
	33

	Nesbit and Breitenbeck, 1992
	Temperate forest
	31°N, 92°W
	50
	4

	Hansen et al., 1993
	Agricultural field
	63°00´N,8°88´E
	140
	50

	Schnell and King, 1994
	Laboratory experiment
	
	14.08
	6

	Crill et al., 1994
	Peatland
	62°51´ N,30°53´E
	100
	50

	Neff et al.,1994
	Alpine soils
	40°01´N,105°32´W
	250
	52

	Kightley et al., 1995
	Landfill cover soil
	lab soil
	100
	64

	Sitaula et al., 1995
	Temperate forest
	58°49´N,8°32´E
	30
	15

	Sitaula et al., 1995
	Temperate forest
	58°49´N,8°32´E
	90
	38

	Hütsch et.al., 1996
	Temperate arable soils
	51°N,10°E
	50
	15.6

	Steinkamp et al.,2001
	Temperate forest
	48°18´N 11°E
	150
	30

	Veldkamp et al., 2001
	Tropical pasture
	10°20´N, 84°55´W
	300
	75

	Gulledge et al., 1997
	Temperate forest
	42°30'N, 72°12' W
	150
	49

	Zhang et al., 2008
	Temperate forest
	23°10´N, 112°10´E
	100
	14

	Zhang et al., 2008
	Temperate forest
	23°10´N, 112°10´E
	150
	32

	Jassal et al., 2011
	Temperate forest
	49°52´N, 125°20´W
	200
	50

	Ann-Catrin Fender, 2012
	Temperate forest
	51°04' N, 10°30' E
	200
	86

	Fang et al., 2014
	Alpine meadow
	37°37′ N, 101°19′ E
	10
	1.9

	Fang et al., 2014
	Alpine meadow
	37°37′ N, 101°19′ E
	20
	8.6

	Fang et al., 2014
	Alpine meadow
	37°37′ N, 101°19′ E
	40
	18.5
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Supplementary 3: Global driving data used to force the model.
All datasets were re-gridded onto a 1ºx1º grid. Maps for time-varying variables show the average for the period 1990-2009. The reference and link for each dataset are found at the end of the supplementary.  
Part 1: Time constant data
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Figure S2: Global gridded mean bulk density (g cm-3) (Shangguan et al., 2014).
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Figure S3: Global gridded mean clay content (%) (Shangguan et al., 2014).


Part 2: Time-varying data
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Figure S4:  Mean soil moisture (%) as (top, left) global gridded mean, (bottom, left) annual mean and (bottom, right) monthly mean, from Dorigo et al. (2011). Gaps were filled using  model data from TRENDY (Sitch et al. (2015)) (upper, right).
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Figure S5:  Atmospheric methane concentration (ppb) over 1990-2009 as (left) gridded mean and (right) annual mean (Rigby et al., 2008).
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Figure S6:  Mean soil nitrogen deposition (gN m-2 y-1) over 1990-2009 as (top) global gridded mean, (bottom, left) annual mean and (bottom, right) monthly mean (Lamarque et al., 2013)
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Figure S7: Mean soil nitrogen input from fertilizers (gN m-2 y-1) over 1990-2009. (Top) global gridded mean, (bottom, left) annual mean and (bottom, right) monthly mean (Nischina et al., 2017).
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Figure S8:  Mean surface temperature (ºC) over 1990-2009 as (top) global gridded mean, (bottom, left) annual mean and (bottom, right) monthly mean (CRU3.1, Harris et al., 2014).
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 Figure S9:  Mean precipitation (mm yr-1) over 1990-2009 as (top) global gridded mean, (bottom, left) annual mean and (bottom, right) monthly mean. Used to force R99. (CRU3.1, Harris et al., 2014).
[image: ]
Figure S10:  Mean evapotranspiration (mm yr-1) over 1990-2009  as (top) global gridded mean, (bottom, left) annual mean and (bottom, right) monthly mean. Used to force R99. (TRENDY; Sitch et al., 2015).

Supplementary 3: Vegetation mask
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Figure S11: Vegetation distribution mask (Ramankutty and Foley 1999). 
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Data availability 
All the data sets used to run MeMo, C07 and R99 are available from the following sources: 
· Temperature and Precipitation: https://crudata.uea.ac.uk/cru/data/hrg/
· Vegetation mask: https://nelson.wisc.edu/sage/data-and-models/global-potential-vegetation/index.php
· Soil Moisture (Satellite): http://www.esa-soilmoisture-cci.org
· Soil Moisture (TRENDY): http://www-lscedods.cea.fr/invsat/RECCAP/
· Nitrogen deposition: 
1) https://www.isimip.org/gettingstarted/downloading-input-data/
2)https://www.isimip.org/gettingstarted/details/24/
· Nitrogen input from fertilizers: https://www.earth-syst-sci-data.net/9/149/2017/
· Clay Content and bulk density: http://globalchange.bnu.edu.cn
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