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Chapter 1

Introduction

1.1 Background
Since the start of the industrial revolution, the atmospheric concentration of carbon dioxide,
CO2, has risen from around 260-280 ppm (parts per million) to about 389 ppm at the current
day (Indermuhle et al., 1999; Conway et al., 2010). In the same time span, the second most
important greenhouse gas, methane or CH4, has more than doubled from a concentration of
730 ppb (parts per billion) to about 1800 ppb (Blunier et al., 1995; Dlugokencky et al., 2009).
Caused by human activities such as fossil fuel burning, the clearing of forests, agriculture and
animal husbandry, this increase in greenhouse gases has led to a rise in the average global
surface air temperature of about 0.7 degrees (Hegerl et al., 2007; Smith et al., 2008).
While this increase in temperature seems small, there are large regional differences and one
of the regions where global warming is felt more strongly in particular, is the Arctic. Arc-
tic temperatures are rising much faster than in the rest of the world and this is expected to
have, or already has had, large effects on i.e. the extent of sea ice, the onset of snowmelt,
vegetation growth and the melting of permafrost. In turn, these changes have an influence
on the natural exchange of greenhouse gases with the atmosphere, directly or indirectly. To
better understand the influence of these external forcing factors to these ecosystems, we need
to understand the underlying processes better.
is thesis therefore discusses the natural exchange of CO2 and methane with the atmosphere,
with a special emphasis on the Arctic. Research has been performed at a study site in North-
eastern Siberia and additionally a part of the research has been performed at a peatland in
the Netherlands. To obtain an integrated view of the area, the studied topics vary spatially
and temporally: from very localized processes at the plot level, to measurements integrated
over hundreds of meters and from processes occurring in minutes to inter-annual variations
in fluxes. Together, these studies paint a larger picture of the greenhouse gas exchange of
these ecosystems. Ultimately, this will lead to a better understanding of the response of these
ecosystems to future climate change.

1.2 Objectives
e main objective of this thesis was to determine the size and variability of the fluxes of CO2

and CH4 from tundra in Northeastern Siberia, and their sensitivity to climate change and the
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spatial variability within landscapes with a complementary set of approaches. Before focusing
on the Arctic however, as a first objective, it was determined whether respiration and evap-
oration of a peatland in the Netherlands were sensitive to changes in water level. Although
that site has a very different climate to the tundra, many of the studied processes hold true
for both areas since certain aspects of the soil and vegetation are comparable. For example,
both areas have a wet soil with a high organic content and vegetation is dominated by grasses,
sedges and shrubs in tundra as in the studied peatland. Relationships found in the peatland
are therefore likely to be helpful in explaining processes in the tundra as well.
e remaining objectives focused on processes that were studied solely at the research site in
Northeastern Siberia: the second objective was to study the influence that methanotrophic
bacteria, living in a cooperation with Sphagnum, have on the spatial variation of methane
emissions from tundra. Following this detailed study, our third objective was to determine
the integrated methane emission of tundra with eddy covariance and to clarify its temporal
and spatial dynamics with the use of a non-linear model. Finally, the inter-annual variation
and stability of photosynthesis, ecosystem respiration and the net exchange of CO2 of tundra
along growing season length and summer temperatures was studied.

1.3 Approach and outline of this thesis

Before these challenges are approached, this thesis is put in a larger perspective in the second
chapter, which provides a general background. Herein, the tundra ecosystem, permafrost,
ecological changes under climate change, the carbon cycle and measurement techniques such
as the chamber flux method and the eddy covariance technique are discussed.
In chapter 3, to assess the influence of water table changes on evaporation and respiration in a
peatland, eddy covariance measurements were combined with water table measurements, soil
analysis and a process model to ascertain whether evaporation and respiration in a peatland
showed any variation with water table depth when water availability remains high.
Subsequently, this thesis focuses on greenhouse gas emissions from tundra. In chapter 4,
the influence of endophytic methanotrophic bacteria on net methane emissions was studied
by careful measurement of methane fluxes from inundated vegetation types with and without
Sphagnum but with similar soil temperatures and active layer depth. Samples from submerged
Sphagnum vegetation were analyzed for methanotrophic activity and to identify the key under-
lying processes, fluxes of both vegetation types were modeled with a well-established process
model.
In chapter 5, to investigate the temporal and area integrated dynamics of tundra methane
fluxes, eddy covariance measurements were compared with parameters such as atmospheric
stability, water level and temperature while keeping in mind the spatial heterogeneity of tun-
dra. ese relationships were used in a non-linear model that was tuned separately for three
different source areas that showed significantly different fluxes and independently compared
with flux chamber measurements performed in the vicinity of the eddy covariance tower.
Finally, in chapter 6, to investigate the inter-annual variation of CO2 fluxes, eddy covariance
measurements of the net ecosystem exchange of 8 consecutive growing seasons was split up
into its components, photosynthesis and ecosystem respiration. ese fluxes were compared
to growing season length and summer temperatures to investigate whether a longer growing
season would not only lead to more photosynthesis but also to a higher net uptake of carbon.
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