
VU Research Portal

Northern Wetlands and their role in changing climate

Petrescu, A.M.R.

2010

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Petrescu, A. M. R. (2010). Northern Wetlands and their role in changing climate: modelling CH4 emissions in
relation to hydrological processes. [PhD-Thesis - Research and graduation internal, Vrije Universiteit
Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 24. May. 2023

https://research.vu.nl/en/publications/afdaa714-c43c-415f-aaa3-f7fca3fc11f7


1 
 
 

General introduction 
 
1.1. Preamble 
 

This PhD thesis was supported by the EU Marie Curie FP6 Program GREENCYCLES - 
Biogeochemistry and Climate Change Research and Training Network. GREENCYCLES was a 
research training network, aiming at promoting cross-disciplinary training and research for young 
scientists in the European Union. GREENCYCLES scientific goal was to reduce uncertainties 
associated with biogenic feedback on global environmental change and to reduce uncertainties in 
the impacts of human activities on future climate and ecosystems in order to provide policy makers 
with sound scientific advice for assessing the effectiveness of policy options for dealing with long-
term climate change. In order to achieve the scientific goal, the network helped to advance the 
understanding of the key biogeochemical processes that control the atmospheric content and 
distributions of radiatively active gases and aerosols and assess their interactive behaviour with the 
coupled land-atmosphere-ocean system. 

This “Early Stage Researcher” position was linked to one of the main objectives of 
GREENCYCLES scientific goal: Improve understanding of natural sources of CH4 and their 
responses to human activities. The research was focusing on improvement of dynamic and spatially 
distributed CH4 cycle models for earth system simulation, with an emphasis on optimal 
parameterisation of hydrological processes and on the carbon cycle of permafrost ecosystems. The 
main theme of this research was the relation of water and CH4 in northern wetlands.  

 
1.2. Background 
 
1.2.1. The northern picture 
 

Global warming and climate change is a major concern in today’s world.  Greenhouse gases 
(GHG) are the main contributors to the warming of the atmosphere. The most important GHG are 
water vapour, CO2, CH4 and N2O.  The single largest CH4 source is natural wetlands (Denman et 
al., IPCC 2007). The current study concentrates on the northern (boreal and arctic) wetlands. Past 
studies have estimated a CH4 emission from northern wetlands and tundra, accounting for about 
20% of the annual natural emissions (Fung et al., 1991; Cao et al., 1996; Christensen et al., 1996). 
Recent estimates combine bottom-up and top-down fluxes, and global observations of atmospheric 
CH4 concentrations in a three dimensional Atmospheric Transport and Chemical Model (ATCM) 
simulation (Chen and Prinn, 2005, 2006). In these estimates, tropical sources account for more 
than 70% of total global wetland emissions, thus, northern wetlands contribution increased up to 
~30% (Denman et al., IPCC, 2007), compared to earlier estimates. 

Dlugokencky et al. (2003) studied the fate of atmospheric CH4 during a period of four years 
(1999-2002). They observed that measurements of atmospheric CH4 from a globally-distributed 
network of air sampling sites indicated that any permanent increase in emissions since 1999 from 
high northern latitudes was small and balanced by decreased emissions from other sectors. They 
also observed a change in the latitudinal distribution of atmospheric CH4 by applying a 3-D 
transport model. This showed that CH4 emissions from polar northern latitudes decreased by ~10 
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Tg yr-1 during the early 1990s. Bousquet et al. (2006) quantified the processes that controlled 
variations in CH4 emissions between 1984 and 2003 using an inversion model of atmospheric 
transport and chemistry. The main conclusion was, similar to Dlugokencky et al. (2003), that the 
wetland emissions dominated the inter-annual variability of CH4 sources and that on longer 
timescales the decrease in atmospheric CH4 growth during the 1990s was caused by a decline in 
anthropogenic emissions. Thus, they also concluded, that atmospheric CH4 levels may increase in 
the near future if wetland emissions return to their mean 1990s levels (Bousquet et al., 2006). 
Rigby et al. (2008) states that after a period with almost no changes in the CH4 atmospheric 
concentrations, a renewed growth of CH4 started near the end of 2006 and during 2007. They 
based their assumption on global measurements and observations of hydroxyl radical (OH) levels 
derived from CH3CCl3 inversion and used these data, along with an inverse method applied to a 
simple model of atmospheric chemistry and transport, to investigate the possible drivers of the rise. 
Their main conclusion was related to the concentration of the OH, which is responsible for the sink 
of the CH4 and registered a decrease for the years 2006 and 2007. A change of this nature was 
found to shift the increase of CH4 emissions more strongly to the Northern Hemisphere and given 
the percentage of the Northern Hemisphere in contributing to the total global CH4 emissions, the 
results are reasonable and confirm the growth of the CH4 emissions.  

Uncertainties in the distribution of the global CH4 emission patterns are even higher when 
taking into account the area and the vegetation type of northern ecosystems. Different sources 
show different patterns (e.g. FAO soil maps, Zobler, 1986; Matthews and Fung, 1987; Lehner and 
Döll, 2004; Prigent et al., 2007). All these wetland/inundation extent maps have different sources 
varying from aerial chart to satellites. These differences in areas may also trigger huge differences in 
calculating the actual CH4 budgets. This will be demonstrated in Chapter 4 of this thesis. In the 
same line with these findings, van der Molen et al. (2007) and Van Huissteden et al. (2005) 
highlighted the large differences in wetland CH4 sources from the arctic. These differences were 
mainly related to the high spatial variability in heterogeneity in topography, vegetation and 
hydrology (flooded and non-flooded areas) from the Northern Hemisphere. They measured and 
simulated the CH4 emissions for three different vegetation types at wet/dry locations from a high 
latitude tundra site located in the NE Siberia.  The CH4 fluxes showed a large spatial and temporal 
variation. The fluxes measured on the river floodplain (Carex rich) were considerably higher than 
those of the Sphagnum rich sites with similar water table conditions on the river terrace. Their 
conclusion was that CH4 fluxes are highly variable on small spatial scales and this heterogeneity was 
primarily related to depth of the water table and on the occurrence of vegetation types with 
aerenchyma, to transport CH4 from the soil to the atmosphere (van der Molen et al., 2007). 
Potential positive feedbacks between climate change and arctic CH4 fluxes are likely to be governed 
by precipitation increase next to warming for northern continuous permafrost area. 

Other studies tried to improve the calculations of CH4 budgets by using an inverse modelling 
approach (e.g. Meirink et al., 2008b). They applied inverse modelling of atmospheric CH4 
emissions using SCIAMACHY satellite observations and NOAA-ESRL surface observations. They 
used a 4D-Var assimilation system developed by Meirink et al. 2008a; TM5 Model (Krol et al., 
2005). The main emission increments resulting from the inversion in this case were an increase in 
the tropics, a decrease in South Asia, and a decrease in summer for the northern hemispheric high 
latitudes. The tropical and South-Asian increments are mainly imposed by SCIAMACHY 
observations, whereas the Northern Hemisphere high-latitude emissions are mainly constrained by 
the surface network (Meirink et al., 2008b). It was possible in this way to reduce the uncertainties 
in estimating the CH4 emissions from tropics by 60-80 %, but the added value of this method for 
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the northern hemisphere was lower, due to the better distribution of the surface network (Meirink 
et al., 2008b). 
 
1.2.2. CH4 from wetlands 
 

CH4 emissions from northern (boreal and arctic) regions have attracted the attention of the 
scientific community since decades. This is mainly due to the increase in the global temperature, 
which may trigger the melt of the permafrost and cause high CH4 emissions from the northern 
wetlands. Wetland CH4 emissions are thought to comprise around 80 percent of the total natural 
CH4 source. Total annual CH4 emissions from natural sources are estimated to be around 250 Tg 
(Reay, 2006). There have been many attempts in quantifying the boreal CH4 emissions. Matthews 
and Fung (1987) developed the first map of wetland extent and calculated the CH4 budgets to be 
~60 Tg yr-1, Christensen et al. (1993) estimated a global tundra CH4 source of 18-30 Tg CH4 yr-1, 
Cao et al. (1996) calculated a global CH4 budget coming from natural wetlands to be ~90 Tg yr-1 
(see an overview on different estimates for CH4 fluxes from northern wetlands in Table 5-1, 
Chapter 5). 

Currently, the total annual emission of CH4 is about twice as estimated for the pre-industrial 
period, but both the relative and absolute contribution of wetlands is smaller than in the past due to 
increases in anthropogenic sources and reductions in wetland areas. Direct atmospheric 
measurements since 1970 (Steele et al., 1996) have detected the increasing atmospheric 
abundances of CH4. CH4 abundances were initially increasing at a rate of about 1% yr–1 (Graedel 
and McRae, 1980; Fraser et al., 1981; Blake et al., 1982) but then slowed to an average increase of 
0.4% yr–1 over the 1990s (Dlugokencky et al., 1998) with the possible stabilisation of CH4 
abundance (IPCC, 2007). However, climate and related biological interactions that presently 
control the distribution of wetlands and their CH4 emissions are expected to change during the 
next 50 to 100 years (Matthews, 2000). 

The magnitude of the CH4 emissions from wetlands is controlled by the dynamic balance 
between CH4 production and oxidation rates in the peat profile and by transport mechanisms 
(Bubier and Moore, 1994). Observed emissions demonstrate high spatial and temporal variation 
(Moore et al., 1990; Whalen and Reeburg, 1992; Dise, 1993; Van Huissteden et al., 2005; Van 
der Molen et al., 2007) linked to environmental factors such as variation in temperature, ground 
water level and vegetation. 

CH4 emissions from natural wetlands show large variability resulting from the complex suite 
of environmental factors that affect the production of CH4 via anaerobic decomposition of organic 
material and the factors that affect transport, consumption and release of CH4 to the atmosphere 
(Matthews, 2000). 

A very important sub-class of wetland ecosystems are the peatlands. The most common 
peatland types are the bogs, mires, moors and swamps. Peatlands are also known for accumulating 
large quantities of carbon. On the other hand, peatlands are capable of producing CH4 through 
biogeochemical processes which involve reduction of the atmospheric carbon transferred to 
vegetation carbon by photosynthesis and release it as CH4. Permafrost, which appears mainly in 
polar and subpolar regions and underlies mostly peatlands, occurs within about 25% of the land 
surface (Zhang et al., 1999). As a result of impeded drainage by frozen ground, permafrost areas 
tend to develop extensive wetlands. A considerable amount of organic carbon is stored in the upper 
permafrost layers, indicating that the extreme arctic climate condition reduces the organic carbon 
decomposition rate more than the NPP rate (Oechel et al., 1997). The positive temperature trend 
in the arctic favours warming and thawing of terrestrial permafrost (Richter-Menge et al., 2006). 
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The degradation of permafrost and the associated release of climate relevant trace gases, as a 
consequence of an intensified turnover of organic carbon and from ancient CH4 reservoirs, 
represent a potential risk with respect to future global warming (Wagner et al., 2007). A recent 
study showed that areas thawing over the past 15 years had 40% more release of old carbon but had 
overall net ecosystem carbon uptake as increased plant growth. This means that processes as 
thawing and warming accelerate the C cycle and increase the storage. Over decadal time scales and 
in a warmer world, thawing may overcome increased plant carbon uptake at rates that could make 
permafrost a large biospheric carbon source (Schuur et al., 2009). More recent studies suggest a 
carbon content of 500 Gt in frozen Yedoma sediments alone and an additional 400 Gt in non 
Yedoma permafrost excluding peatlands, which exceeds the carbon content of the atmosphere (730 
Gt) and that of vegetation (650 Gt; Zimov et al., 2006). Because of the high sensitivity of high-
latitude ecosystems to climate changes, as well as their large proportion of the earth surface, these 
landscapes are critically important for the Earth system, in particular for the global carbon cycle 
(Chapin et al., 2000). 

The most recent study of inter-annual variability of CH4 emissions was published in Nature 
by Mastepanov et al. (2008). This study shows that CH4 bursts occur even in a high arctic setting in 
the late autumn and early winter, during the onset of soil freezing. They found that emissions fall to 
a low steady level after the growing season but then increase significantly during the freeze-in 
period. The integral of emissions during the freeze-in period is approximately equal to the amount 
of CH4 emitted during the entire summer season. This finding could be an important, and so far 
unrecognized, component of the seasonal distribution of CH4 emissions from high latitudes 
(Mastepanov et al., 2008). This finding might also amount to a pulse of ~4 Tg CH4 from the 
highest latitudes at what was previously thought to be an inactive time of year in terrestrial 
ecosystems. This does not greatly increase emission estimates from high northern latitudes, but it 
revises the view of the seasonal distribution of known emissions (Mastepanov et al., 2008). 
 
1.2.3. The biogeochemistry of CH4 

 

In general, temperature is one of the most important variables regulating the activity of micro 
organisms. The potential of growth, as well as the molecular, physiological and ecological aspects 
of microbial life at low temperatures have been investigated in many studies (e.g. Russel and 
Hamamoto, 1998; Gounot, 1999; Cavicchioli, 2006). Certain key processes of the CH4 cycles are 
carried out exclusively by highly specialised micro-organisms such as methanogenic archaea and CH4 
oxidizing bacteria (methanotrophs). The microbial CH4 production (methanogenesis) is the 
terminal step during the anaerobic decomposition of organic matter, while CH4 oxidation is the 
primary sink for CH4 in arctic wetlands (Wagner et al., 2005). The oxidation processes in wetlands 
processes depend on substrate availability and supply, activity of methanogenic and methanotrophic 
bacteria related to temperature and redox status of the soil matrix. 

Typically, the peat soil profile below 0.1-0.5 m is continually saturated and anoxic. If no 
other electron acceptors such as sulphate and nitrate are available, decomposition at depth 
generates CH4, some of which is emitted to the atmosphere (Frolking, 2007). CH4 is produced by 
methanogenic bacteria (archaea) which release CH4 gas as a by-product of their metabolism, and are 
common in anoxic environments and may show metabolism at even below 0 °C (e.g. Rivkina et 
al., 2007). Methanogenic bacteria produce CH4 as an integral part of their energy metabolism. 
Physiologically, these methanogens are strict anaerobes.  
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The following reactions occur:  
1. Reduction of carbon dioxide to CH4 with hydrogen as the electron donor: 

CO2 + 4H2 → CH4 + 2H2O 
2. Division of acetate to form CO2 and CH4: 

CH3COO- + H2O → CH4 + HCO3 

Formation of CH4 from methyl groups of other substances also occurs, but for freshwater 
environments, it suffices to consider only acetate splitting and CO2 reduction (Conrad, 2005). 

Emissions occur via different transport pathways including molecular diffusion and ebullition, 
or in vegetated wetlands, via plant mediated transport. Transport by vascular plants is known to be 
a dominant factor in northern wetlands (Schimel, 1995; Torn and Chapin, 1993; Whalen and 
Reeburgh, 1988). The widespread genuses Carex and Eriophorum, sedges, or reeds such as Phragmites 
and Typha form strong point sources of CH4 (Christensen, 1993; Schimel, 1995). 

Besides production, also the consumption of CH4 may influence the possible emission. CH4 
oxidation is an aerobic process that occurs at oxic-anoxic interfaces like root surfaces (Frenzel, 
2000). For example, in Sphagnum dominated ecosystems the plant mediated transport may enhance 
the ultimate CH4 efflux by up to 97% (Frenzel, 2000) which, for their study, indicates that the 
main route for CH4 to the atmosphere was through the vascular plant and not through Sphagnum. 
Oxidation rates given for peatlands refer to the peat itself or to Sphagnum vegetation which may live 
in symbiosis with metanotrophic bacteria and consume the CH4 below the water table 
(Raghoebarsing et al., 2005). CH4 oxidation also occurs in acid peatlands, and plant associated CH4 
oxidation has been reported from a wide range of wetland species (King, 1994). Most estimates for 
the quantitative importance of CH4 oxidation have been obtained from rice, where it has been 
shown that about 90% of the CH4 emission is mediated by the plants (Waddington et al., 1996; 
King et al., 1998). 
 
1.2.4. The physical processes influencing the CH4 emissions 
 

The climate and its components (e.g. water table and temperature) are the factors influencing 
most of the CH4 emissions from natural wetlands. The most well known physical processes by 
which CH4 emission is determined are the CH4 production, CH4 oxidation and transport to the 
atmosphere. Many factors control these processes and much research has been done to investigate 
and gain a better understanding. Walter and Heimann (2000) define the most important factors as: 

 
1. The water table position. A key factor of CH4 production is the water table depth. Studies 
(e.g. Moore et al., 1990; Roulet et al., 1991; Walter et al., 1996; van der Molen et al., 2007; 
Petrescu et al., 2008) have shown that CH4 fluxes are influenced by fluctuations of the ground 
water table, which may have an effect on the quantity of released CH4 stored in soil. The water 
table can influence the CH4 emissions because it is the border between the anoxic/oxic zones 
where the gas is produced and respectively oxidized (e.g. Bubier et al., 1995; Moore and Roulet, 
1993; Funk et al., 1994) and influences the thickness of the anoxic layer where sufficient labile 
organic matter is decomposed. The variations in the wetland hydrology are large and strongly 
influenced by the topography, vegetation and the seasonal climatic conditions (precipitation, snow 
cover). Hydrology, particularly the water table position below the surface, is an important control 
on biogeochemical and ecological processes in wetlands/peatlands. The water table levels of a 
typical wetland are low in midsummer, with high evapotranspiration rates, and high in the rest of 
the season when the water table is mainly controlled by precipitation. The CH4 oxidation in the soil 
at high water table sites is limited and the CH4 fluxes are high (Christensen et al., 1993). 
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In northern mires, disintegrating ice-rich permafrost leads to wetter soil conditions and an 

expansion of wet and semi-wet areas at the expense of the relatively dry elevated areas underlain by 
permafrost (Ström et al., 2007). Northern wetlands are generally considered as net sinks for 
atmospheric CO2 and sources of CH4 (Reeburgh and Whalen, 1992). Turetsky et al. (2002) have 
shown that permafrost degradation is associated with a considerable increase in CH4 and CO2 
emissions. 

Water table depth is generally considered to be a physical parameter of major importance to 
CH4 emissions from wetlands (Waddington et al., 1996; Christensen et al., 2000; Frenzel and 
Karofeld, 2000; Petrescu et al., 2008). Ström et al. (2007) concluded that mires affected by 
permafrost degradation become wetter and the correlation between the water table depth and the 
CH4 emissions and dissolved CH4 in the pore water is high and one of the primary drivers of the 
production and emission of this gas. 
 
2. The soil temperature. It influences the rate at which processes such as degrading of the 
organic matter (formation of substrate for methanogenesis) and CH4 production/oxidation occurs 
(e.g. Bubier et al., 1995; Crill et al., 1988; Frolking and Crill, 1994; Whalen and Reeburgh, 
1992). Studies have shown that the highest net fluxes occur in warmer soils, the maximal values 
being attained in the tropical zone (Panikov et al., 1999). Roulet et al. (1992) and Christensen et 
al. (1993) observed a high correlation between the fluxes and temperature when waterlogged 
conditions are present. Their results suggest that on a short-term basis temperature might 
independently control emission at waterlogged sites, while moisture controls emission from sites 
where the water table fluctuates below the soil surface. The sensitivity of methanogenesis to 
temperature and the longer growing season at the warmer sites has been mentioned by Walter et 
al. (2000) and the references therein. Also, Valentine et al. (1994) observed that the temperature 
dependence of CH4 production increased with amount and quality of the organic substrate. Other 
studies also found that CH4 formation also may occur at subzero temperatures (Rivkina et al., 
2000, 2007; Wagner et al., 2007) and some of this winter emissions are presented by Mastepanov 
et al. (2008). Panikov et al. (2000) found that there is a common mechanism controlling emissions 
of CH4 under cold non-growing (winter) conditions, which becomes non-significant under normal 
vegetative conditions in summer. Such mechanism may include the diffusion of gases through snow 
(Sommerfeld et al., 1996). 
 
3. Availability and quality of suitable substrate for CH4 production. Some authors 
observed a close link between the factors indicating the substrate presence, such as NPP, net 
ecosystem production (NEP) and the biomass amount, correlated with the CH4 production 
(Morrisey and Livingston, 1992; Whiting and Chanton, 1993). Vascular plant root systems may be 
an important source of fresh carbon compounds that can be utilised for CH4 production in the soil 
(van Veen et al., 1989; Jackson and Caldwell, 1992; Chanton et al., 1995; Joabsson et al., 1999a; 
King et al., 2002). Some of these labile carbon compounds are structural (e.g. dead roots), while 
others are non-structural, as in the case when plants exude organic acids or other compounds in 
order to improve nutrient uptake (Jones, 1998; Ström, 1997). Associations between vascular plant 
production and CH4 emissions were first suggested by Whiting and Chanton (1992) and the same 
authors (Whiting and Chanton, 1993) have also reported a linear relationship between net 
ecosystem exchange (NEE) and CH4 fluxes across a wide range of wetland types. 

Vascular plants provide methanogenesis with substrates, form a pathway to transport CH4 
from soil to the atmosphere and enhance CH4 oxidation by transporting oxygen to water saturated 
peat (Kettunen, 2003). In 2001, Cristensen and Joabsson (2001) have investigated if such a 
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correlation exists between vascular plant production (photosynthetic rate) and CH4 exchange. They 
found that CH4 emission was sensitive to NEE and carbon turnover and it was reasonable to assume 
that the correlation was due to a combined effect of vegetative CH4 transport and substrate quality 
coupled to vascular plant production (Joabsson and Christensen, 2001). By step-wise multiple 
regressions Ström et al. (2007) indicates that both plant biomass and provision of methanogenic 
substrate were of great importance for the production and emission of CH4. 
 
4. The transport pathways of CH4. There are three mechanisms through which CH4 is 
transported from the peat soil matrix into the atmosphere. 

a) Diffusion: CH4 production in the soil creates a CH4 concentration gradient that drives 
translocation of the molecules from the peat to the atmosphere. The difference in concentration is 
sufficiently large for diffusion to become a mechanism for CH4 emission (Oquist, 2001); 

b) Ebullition: process through which CH4 is released from the soil into the atmosphere 
through bubbles. It is characterised as occurring discontinuously in time and space (Rosenberry et 
al., 2003) and often associated with sporadic events. The development of bubbles is described as an 
increase in gas volume that is suddenly decreasing, suggesting a rapid release (Kellner et al., 2005). 
Ebullition may count as an important CH4 route in boreal peatlands, possibly accounting for up to 
50% of the total emissions (Christensen et al., 2003); 

c) Plant mediated transport: wetland plant species have developed porous tissues 
(aerenchyma = airy tissue found in roots of plants, which allows exchange of gases between the plant 
parts above the water and the submerged tissues) for supplying their roots with oxygen necessary 
for respiration (Öquist, 2001). Through these tissues also the CH4 is transported from the soil to 
the atmosphere. The transport is driven either by molecular diffusion (Shannon et al., 1996) or in 
some species (e.g. Phragmites spp.) by pressurized ventilation (Schütz et al., 1991; Grünfeld and 
Brix, 1999). 

All these factors are linked to each other. Ström and Christensen (2007) have published a 
paper where they examine how several environmental variables that are potentially affected by the 
permafrost depth have been identified as controls of CH4 production and ultimately of net CH4 
emission. These variables include also soil temperature, depth of water table (Torn and Chapin, 
1993; Waddington et al., 1996) and substrate type and quality (Bellisario et al., 1999; Joabsson et 
al., 1999a; Ström et al., 2003). 
 
1.3. The aim of the present study 
 

The aim of this work is to improve hydrological parameterisation of a process-based model of 
CH4 exchange between wetlands and the atmosphere, and to assess the effects of spatial 
heterogeneity and model resolution. The quantity of water (frozen or unfrozen) plays a key role in 
wetland CH4 formation and exchange and therefore it has to be ensured that the water balance is 
modelled accurately. The hydrologic output of the models was validated against field observations 
and global data sets. 
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The main objectives of this work are: 
 

I Develop and test a methodology for regional applications of quantifying CH4 and CO2 
emissions from peatlands. The developed model was used for modelling, upscaling and 
predicting CH4 emissions from wetlands in the Province of Drenthe, The Netherlands. 
(Chapter 2) 

II Find the model’s most sensitive parameters and determine their interdependence when 
moving from regional to global scale modelling and how to fit best these parameters based 
on observations. (Chapter 3) 

III Develop and improve the hydrological parameterisation of spatially distributed wetland 
CH4 flux models at different levels of scale and complexity. This parameterisation should 
be further applicable to global scale earth system models and allow dynamic simulation of 
the evolution of CH4 fluxes in response to climate change. More specifically, aspects that 
are considered: 

1. parameterisation of the soil water balance to delineate wetland areal extent and 
seasonality of waterlogged conditions; 

2. processes that may affect water chemistry; 
3. interactions with permafrost; 
4. interactions with drainage basin hydrology with respect to floodplains (Chapter 4). 

IV Determine differences in hydrological parameterisations when moving to different model 
scales (e.g. from regional to global boreal and arctic scale) (Chapter 5). 

 
1.4. Outline 
 

The research of this thesis was conducted over three years, mainly at the VU University 
Amsterdam. During these years visits and interactions with project partners were established. The 
main results were presented at conferences and workshops.  

All chapters present site specific studies, which involve the PEATLAND-VU model. The first 
study (Chapter 2) aims to assess and quantify the CH4 and CO2 emissions from one of three 
northern provinces of The Netherlands, Drenthe, and its future trends. The Drenthe Province is an 
area of formerly extensive peatlands, which suffered a strong loss of peat soils due to peat 
degradation in the last decades. The PEATLAND-VU model was used to simulate the CH4 and CO2 
emissions for the years 2005-2007. The second study (Chapter 3) consists of a sensitivity analysis of 
the PEATLAND-VU parameters by testing the model on temperate and arctic wetland sites. This 
study quantifies the model uncertainty from vegetation and soil parameters. 

In the first year, 2006, two months were spent at the Lund University, Sweden. The aim of 
this visit was to obtain insight into wetland CH4 flux processes and uncertainty in measurement 
quantification of these processes. A visit to the Abisko Research Station (Stordalen boreal mire) 
with a process study relating hydrology/permafrost was included. The results of this cooperation 
are presented in Chapter 4. The paper was published in 2008 and the purpose of this study was to 
quantify/study the effect of water table, temperature and different vegetation types at two high 
latitude wetland sites (Stordalen in N Sweden and Kytalyk in NE Siberia) on CH4 emission, by 
means of field measurements and a modelling approach that combines the CH4 flux process 
approach of Walter (2000) with the soil physics as included in the model of Granberg et al. (1999).  

The last chapter is focused on cooperation with partners outside the network and was used to 
compare the modelling approach developed in this project with those used at Utrecht University. 
This resulted in a scientific publication on model testing, upscaling and coupling of the 
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PEATLAND-VU model with the global hydrological model PCR-GLOBWB. This coupling 
produced global arctic/boreal maps of CH4 fluxes and the same approach was applied to the global 
wetland distributions of Matthews and Fung (1987), Lehner and Döll (2004), Prigent et al. (2007) 
and Kaplan (2002). The coupling of the two models was compared with CH4 flux measurements 
available from the Hudson Bay Lowland (Roulet et al., 2000) and four arctic sites. 
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