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Carbon cycle in wetlands



C dynamics in wetland soils

4

CH4 CO2

methanogen

O2

H2O

methanotroph

CH3COOH

H2/CO2

CH3–A 

Type I Type II

HMW

Organic matter

LMW

Organic matter

FermentationEnzyme

Low O2 (Laiho, 2006)
Phenolics (Freeman et al., 2001)
Low pH (Kang et al., 2018)
Recalcitrance (Hodgkins et al., 2018)

CO2



Local scale

- NEE vs. CH4 emissions (Eddy flux tower)
- Microbial modeling of SOM decomposition



Study site

'Bibong' wetland
Freshwater marsh
Phragmite australis



Eddy flux tower
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• Minor seasonal changes in footprint

• Gap filling was conducted by RF and MDS

CO2-RF CO2-MDS

CH4-RF CH4-MDS
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CLM (Community Land Model) - FATES

Conventional 
decomposition module

Microbial 
decomposition module

Same as the 
conventional model



Global scale

- NEE vs. CH4 emissions (RF of 'FluxNet + literature')
- Key controlling variables



Global wetland CO2 sequestration
(RF of FluxNet, 2000-2020, 0.5x0.5˚)
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(Li et al., accepted)



-1000 0 1000

-1000

0

1000

-150 -100 -50 0 50 100 150

-1200

-600

0

600

1200

-150 -100 -50 0 50 100 150

-1200

-600

0

600

1200

-150 -100 -50 0 50 100 150

-1200

-600

0

600

1200

-150 -100 -50 0 50 100 150

-1200

-600

0

600

1200

BS

CEC

pH

SOC

WIND

BD

Clay

TN

RS

MAP

Elevation

LE

LAI

GPP

MAT

WTD

0 5 10 15 20 25 30 35
Relative importance (%)

a b

O
bs

er
ve

d 
N

EE
 (g

 C
 m

−2
 y

r−
1 )

Predicted NEE (g C m−2 yr−1)

R2 = 0.84
RMSE = 101.8

 Global  Arctic + Boreal

 Temperate  Tropical

N
EE

 (g
 C

 m
−2

 y
r−

1 )

R2 = 0.37, p < 0.001, slope = 5.25 R2 = 0.45, p < 0.001, slope = 6.15

N
EE

 (g
 C

 m
−2

 y
r−

1 )

WTD (cm)

R2 = 0.28, p < 0.001, slope = 3.46

WTD (cm)

R2 = 0.33, p < 0.001, slope = 5.94

Water Table Depth as a key factor for NEE

(Li et al., accepted)



Global wetland CH4 fluxes
(RF of CH4FluxNet, 1950-2020, 0.5x0.5˚)

(Unpublished data)



600 Tg C (CO2) vs. 112.5 Tg C (CH4)  

2200 Tg CO2 eq. vs. 3375 Tg CO2 eq.  



Summary

• Local scale ('Bibong' wetland)
• GWP of NEE > CH4

• Global scale
• GWP of NEE < CH4

• Water level as a key factor



Microbial

Microbial
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