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A one-dimensional (column) model for CH4 production, consumption, and release in wetlands is developed in order to
simulate CH4 emissions associated with the projected thawing of permafrost in wetlands across the northern high-
latitudes. This CH4 model will be further embedded into an Earth system climate model in order to investigate the
positive feedback between permafrost CH4 emissions from northern wetlands and global surface warming [1, 2].

The developed CH4 model is based on a multi-layer soil structure: six layers of unequal thicknesses extending from
the surface to a depth of 335 cm (Fig.1).

• To develop a model for CH4 processes in wetlands for inclusion in Earth system models.

• To evaluate the model performance with respect to the magnitudes and variations of observed rates of CH4
production and emissions.

• To assess the ability of the model in simulating CH4 emissions associated with environmental conditions specific for
the northern high-latitudes.

Background

Model description

Objectives

The amount of CH4 produced daily in a soil layer “i” is
parameterized as a function of available soil moisture (θi),
organic matter (Ci), average layer temperature (Ti), and
depth (z).

Pi = f(θi, Ci, Ti, z)                                    (1)

The total amount of CH4 produced in the soil column (P) is
calculated as the sum of CH4 produced in each of the six soil
layers:

P = Σi Pi (2)

The total amount of CH4 consumed in the soil column (O)
and subsequent net CH4 emissions (F) are determined as
follows:

O = P fWTD (3)

F = P – O                                            (4)

where fWTD is a dimensionless function with values between
0 and 1 depending on the water table depth (WTD).

Fig. 1 Diagram illustrating the column model for CH4

production, consumption and release in wetlands. Rates 
of CH4 production (Pi) are determined for each of the six 
soil layers based on the soil moisture, carbon content, 
temperature and depth. Rates of CH4 consumption (O) are 
calculated for the entire column based on the position of 
the water table and total amount of CH4 produced (P). 
The total amount of CH4 released out of the soil column is 
calculated as the difference between CH4 production and 
consumption.

Measurements & Model Setup
• Measurements for CH4 production: Rates of CH4 production from laboratory incubations of pan-Arctic soil samples

[3]. Also available are applied incubation temperatures as well as relevant environmental variables (i.e. water table
depth, vertical profiles for the soil carbon content and bulk density, etc.) from the sites of origin.

• Measurements for CH4 release: In situ CH4 emissions collected with chambers at two peatland sites in
northwestern Canada [4]. Also available are related environmental variables (i.e. water table depth, vertical profiles
for the soil temperature, carbon content and bulk density, etc.).

• Model setup: Model inputs were generated based on the available measurements. The model setup involved
converting units of variables as well as interpolating several measurements within the soil column where required.

Results

Model validation: CH4 production

Fig. 2 Normalized CH4 production rates versus depth for the 
laboratory incubations (measured) and the CH4 model results 
(modelled). Both these rates were normalized with the depth 
thickness. Horizontal dashed lines indicate delimitations for the 
model soil layers. 

Model validation: CH4 emissions Fig. 3 Measured and 
modelled CH4 emissions 
at different plots within 
two peatland sites in 
northwestern Canada. 
The circles and vertical 
bars indicate inter-plot 
medians and ranges of 
CH4 emissions, 
respectively.  (a) Site near 
Teslin in the Yukon 
Territory: simulated CH4
emissions for four plots 
(red codes on the right) 
are compared with those 
from six sampled plots 
(blue codes on the right). 
(b) Site near Yellowknife 
in the Northwest 
Territories: simulated CH4

emissions for four plots 
(red codes on the right) 
are compared with those 
from four corresponding 
sampled plots (blue codes 
on the right). 

Model experiments: CH4 emissions under zero curtain conditions

Fig. 4 Prescribed soil temperature profile and corresponding simulated rates of CH4 production per soil layer (only top 
four layers shown here) as well as total amounts of CH4 produced (Prod), consumed (Oxid) and emitted (Emis) under 
zero curtain conditions between 10 and 27 cm of depth. There are variations in the position of the water table (WT) 
within the unfrozen soil layer (indicated by horizontal cyan lines): (b) WT at 10 cm below the surface; (c) WT at 15 cm 
below the surface; (d) WT at 20 cm below the surface; (e) WT at 25 cm below the surface. No CH4 production occurs in 
the top soil layer (0-10 cm) due to predominant aerobic conditions, and below 56 cm due to frozen conditions.

Model experiments: CH4 emissions during the growing season

Fig. 5 Modelled seasonal 
CH4 emissions based on 
approximated 
environmental conditions 
for a boreal peatland site. 
(a) Simulated CH4

emissions for five growing 
seasons. (b) Approximated 
variations of average soil 
temperature at 41.5 cm for 
the five growing seasons. 
Here, 41.5 cm in the soil 
represents the midpoint for 
the third uppermost model 
soil layer, which extends 
from 27 to 56 cm. A single 
time series for the water 
table position was 
considered for the five 
growing seasons.
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Conclusions
• Although the CH4 model overestimates CH4 production for the top 27 cm (Table 1), the model exhibits valuable

skills in simulating the variation and magnitudes of measured rates of CH4 production (Fig. 2) and emissions from
different high-latitude wetlands (Fig. 3).

• The developed model is able to simulate the occurrence of CH4 emissions under zero curtain conditions within the
soil column (Fig. 4), which could contribute to a substantial fraction of the annual CH4 release [6]. Moreover, the
model reproduces well the general response of CH4 emissions to soil temperature changes during the growing
season (Fig. 5) [7].

• Currently, the CH4 model presents two major limitations: (i) a non-dynamic carbon pool (carbon cycling will be
considered with Earth system models); (ii) the lack of soil CH4 storage associated with ice capping (the
accumulation of produced CH4 in the soil and related spring-thaw CH4 emissions should be parameterized further).
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Table 1 Distribution statistics for measured (blue) and modelled 
(red) rates of CH4 production. The statistics are the mean, median, 
and standard deviation per soil depth interval. The depth ranges 
considered here correspond to the model (top four) soil layers.

GLOSSARY

The term “zero curtain”
refers to near 0°C
conditions within
freezing or thawing soils
over extended periods
due to the effect of latent
heat and large thermal
mass of water [5, 6].


