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18.1

A decade of continuous greenhouse gas exchange measurements at the 
Oensingen grassland site

Ammann Christof, Neftel Albrecht, Leifeld Jens, Jocher Markus & Fuhrer Jürg

Agroscope ART, Reckenholzstrasse 191, 8046 Zürich (christof.ammann@art.admin.ch)

Managed grassland ecosystems form a significant part of the European and global land cover. However, long-term green-
house gas f lux monitoring on grassland sites is still rare in comparison to forest sites. Beside climatic factors, also the 
management regime (and history) have an influence on the trace gas exchange of agricultural ecosystems. We have 
monitored the greenhouse gas exchange together with the carbon, nitrogen, and water cycle of a sown grassland site on 
the Swiss Central Plateau since 2002. The experimental field had been divided in two plots, one undergoing intensive 
management (high nitrogen input), the other extensive management (no fertilization). Continuous eddy covariance meas-
urements of the CO2 exchange and the quantification of carbon export and import by harvest and manure application 
allowed for the assessment of the complete carbon budget of both plots (Ammann et al., 2007) which was compared to the 
temporal change of soil carbon investigated by repeated soil inventory (Leifeld et al., 2011). 

Over the entire observation period, the intensive management led to a carbon sequestration, while the extensive manage-
ment caused a net carbon loss. A positive correlation between C and N sequestration was observed for the two fields cor-
responding approximately to the soil C/N ratio (Ammann et al., 2009). Although the different management led to a sys-
tematic difference between the two fields, it had only little influence on the inter-annual variation of the carbon budget. 
The latter shows a positive correlation with the net ecosystem productivity and the harvest yield. They mainly depend on 
the spring temperature and the length of the growing season as well as on the soil moisture content during summer. 

The carbon sequestration of the intensive field was counterbalanced to a minor part by an increased N2O emission mainly 
related to fertiliser applications (Flechard et al., 2005; Neftel et al., 2007). Therefore and due to the very small methane 
f luxes, the total greenhouse gas budget of the grassland fields was clearly dominated by the carbon exchange. 

The Oensingen data set has also been used in various synthesis studies together with other FLUXNET sites to investigate 
the effect of environmental drivers and climate variations on the ecosystem and their greenhouse gas exchange on the 
European and global scale (e.g. Flechard et al., 2007; Soussana et al., 2007; Teuling et al., 2010; Mahecha et al., 2010).

REFERENCES
Ammann C., Flechard C., Leifeld J., Neftel A., and Fuhrer J. (2007) The carbon budget of newly established temperate 

grassland depends on management intensity, Agriculture, Ecosystems and Environment, 121, 5–20.
Ammann, C., Spirig, C., Leifeld, J., and Neftel, A.: Assessment of the Nitrogen and Carbon Budget of Two Managed 

Grassland Fields. Agriculture, Ecosystems and Environment, 133, 150–162, 2009.
Flechard C.R., Neftel A., Jocher M., Ammann C., and Fuhrer J. (2005) Bi-directional soil/atmosphere N2O exchange over 

two mown grassland systems with contrasting management practices, Global Change Biology, 11(12), 2114-2127.
Flechard C.R. et al. (2007) Effects of climate and management intensity on nitrous oxide emissions in grassland systems 

across Europe, Agriculture, Ecosystems and Environment, 121, 135-152.
Leifeld, J., Ammann, C., Neftel, A., Fuhrer, J.: A comparison of repeated soil inventory and carbon f lux budget to detect 
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Temperature Sensitivity of Respiration at Ecosystem Level. Science, 329, 838-840, 2010.
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Domingues R., Flechard C., Fuhrer J., Hensen A., Horvath L., Jones M., Kasper G., Martin C., Nagy Z., Neftel A., Raschi 
A., Baronti S., Rees R.M., Skiba U., Stefani P., Manca G., Sutton M., Tuba Z., Valentini R. (2007) Full accounting of the 
greenhouse gas (CO2, N2O, CH4) budget of nine European grassland sites, Agriculture, Ecosystems and Environment, 
121, 121-134.
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Bernhofer, C., Dellwik, E., Gianelle, D., Gielen, B., Grünwald, T., Klumpp, K., Montagnani, L., Moureaux, C., 
Sottocornola, M., Wohlfahrt, G.: Contrasting response of European forest and grassland energy exchange to 
heatwaves. Nature Geoscience 3, 722-727, 2010.
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18.2

Long-term monitoring of CO2 and H2O dynamics using Eddy Covariance 
technique in peatlands of lake Yeniçağa (Bolu-Turkey)

Aslan Sungur Güler1, Evrendilek Fatih2,

1 Department of Environmental Engineering, Abant Izzet Baysal University, 14280 Golkoy Campus Bolu, Turkey; (aslan_g@ibu.edu.tr)
2 Department of Environmental Engineering, Abant Izzet Baysal University, 14280 Golkoy Campus Bolu, Turkey; (fevrendilek@ibu.edu.tr)

Peatlands are wetland ecosystems where the rate of production of organic matter exceeds its rate of decomposition (Bubier 
et al., 1995). The global area of the peatlands is limited (ca. 5-8 %); however, they play a significant role in global carbon 
(C) cycle. As an important example; Northern peatlands cover only 3 % of the earth’s land area, however they store 30 % 
of the world’s soil C as peat (Gorham, 1991).  Due to the enormous amounts of C available in the peat great attention has 
been paid to the quantification of whether peatlands will continue to sequester carbon or will be C sources to the atmos-
phere.

Eddy covariance is a method that permits direct measurements CO2 and H2O f luxes between the surface and the atmos-
phere. This technique has some advantages that make it popular. Being direct measurement technique, and having a 
chance to do measurement around the small scale (hundred meters) to large scale (several kilometers) area are the most 
important reasons for being the popular technique (Baldochi, 2003).

Despite there have been many studies around the world petlands area especially in the subarctic area, there is no study 
about peatlands in Turkey. In fact the peatlands that are determined around Turkey is a unclear topic, the objective of the 
project was to determine the H2O and CO2 f luxes over two years (2011 and 2013) using an eddy covariance (EC) system in 
a Yeniçağa peatland, Turkey. The Yenicaga peatland is located about 38 km east of the city of Bolu (40°47N’, 32°1’E) in the 
western Black Sea region of Turkey (Figure 1).

The central to this objective is investigation of seasonal, annual and interannual variation in peatland ecosystem CO2 and 
H2O f luxes and to determine the behavior of the Yeniçağa peatland whether it is sink or source. In addition, with ancilla-
ry measurements, the structure of the vegetation and peat soil is aimed to determine for observing valuable information 
about the characteristic of the system. 

Eddy covariance 
measurements 
for Yenicaga 

peatland in bolu

Turkey

Figure 1. Location of the study site “Yenicaga peatland” in northwestern Turkey.

REFERENCES
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Global Change Biol., 9, 479–492.
Bubier, J.L., T.R. Moore, L. Bellisario, N.T. Comer and P.M. Crill. 1995: Ecological controls on methane emissions from a 

northern peatland complex in the zone of discontinuous permafrost, Manitoba, Canada. Global Biogeochemical Cycles 
9, 455-470.

Gorham, E., 1991: Northern peatlands: Role in the carbon cycle and probable responses to climatic warming: Ecological 
Applications, 1, 182-195.
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18.3

A low-cost approach to measure ambient methane concentrations 
in preliminary studies

Eugster Werner1 & Kling George W.2

1 ETH Zurich, Institute of Agricultural Sciences, LFW C55.2, Universitätsstrasse 2, CH–8092 Zürich (werner.eugster@usys.ethz.ch)
2 University of Michigan, Department of Ecology & Evolutionary Biology, Ann Arbor, MI 48109-1048, USA

Methane is the second most important greenhouse gas after CO2 with a global warming potential that is 25 times larger 
per kg than that of CO2. Although affordable high-quality sensors exist on the market, low-cost sensors normally were not 
sensitive enough to resolve ambient concentrations around 1.8 ppm. Recently, the TGS 2600 solid-state trace gas sensor 
has appeared on the market that is also sensitive to methane at ambient concentration levels. This sensor is a general-
purpose smoke detector sensors that is not exclusively sensitive to methane concentrations.

We tested two such sensors in parallel with a high-quality integrated off-axis cavity ringdown spectrometer from Los 
Gatos Research (USA, model FMA-100) during two summer seasons in northern Alaska, USA, to assess it’s suitability for 
measuring seasonal variations in methane concentrations.

We will show a performance analysis and address the issue of interferrences with temperature and relative humidity, and 
its possible cross-sensitivity to CO2 concentrations and other components of smoke. Our results indicate that although this 
sensor is not yet perfect for high-quality applications it shows promising performance for preliminary studies as for ex-
ample to find methane emission hot spots in the tundra that are only active at specific times during the summer season.

REFERENCES
Eugster, W. &  Kling G. W. 2012: Performance of a low-cost methane sensor for ambient concentration measurements in 

preliminary studies, Atmospheric Measurement Techniques, 5, 1925–1934. doi:10.5194/amt-5-1925-2012, http://www.
atmos-meas-tech.net/5/1925/2012/
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18.4

Assessment of the Swiss methane inventory with the help of in situ aircraft 
measurements and backward Lagrangian particle dispersion simulations

Rebecca Hiller1, Bruno Neininger2, Stephan Henne1, Thomas Künzle3, Nina Buchmann4, Werner Eugster4 & Dominik 
Brunner1

1Empa, Materials Science & Technology, Überlandstrasse 129, CH-8600 Dübendorf (rebecca.hiller@empa.ch) 
2Metair AG, Airfield Hausen a.A., CH-8915 Hausen a.A.
3METEOTEST, Fabrikstrasse 14, CH-3012 Bern
4 Institute of Agricultural Sciences, ETH Zurich, Universitätsstrasse 2, CH-8092 Zürich

National greenhouse gas inventories are reported annually to the United Nations Framework Convention on Climate 
Change (UNFCCC) that monitors the progress of emission reductions defined in the Kyoto Protocol. In Switzerland, anthro-
pogenic methane (CH4) contributed 7% to the total reported greenhouse gas emissions for 2008. Most Swiss CH4 emissions 
originated from the agricultural sector (83%), followed by waste treatment (10%) and the energy sector (7%) (FOEN, 2010). 
The major natural CH4 sources are wetlands and lakes, which, in total are estimated to contribute 6% to the total Swiss 
CH4 emissions (Hobi, 2011). 

Here, we assessed the accuracy of the national inventory. Therefore, we spatially disaggregated the eight most important 
methane sources accounting for more than 90% of anthropogenic emissions using geostatistical information of source lo-
cations. The resulting spatially-explicit CH4 emission inventory (“cadastre”) is the first high resolution (500 m) spatial CH4 
inventory for Switzerland (see Figure 1). Aircraft measurements were performed on 18 days from May 2009 to September 
2010, summing up to more than 90 f light hours. CH4 was continuously measured with a Fast Methane Analyzer (Los Gatos 
Research Inc., Mountain View, USA) situated in one of the underwing pods of the small research aircraft METAIR-DIMO. To 
calculate the origin of the sampled air, Lagrangian backwards simulations were issued every 3 minutes along the f light 
tracks. The transport simulations of the model FLEXPART-COSMO were combined with the high resolution CH4 inventory 
to calculate a bottom-up estimate and then compared to the continuous measurements. In an additional step, the available 
information was combined in a Bayesian framework to obtain a top-down CH4 f lux estimate for Switzerland. 

Figure 1: Spatially highly resolved CH4 inventory for the eight most important anthropogenic sources accounting for 90% of the an-

thropogenic emissions. These include agriculture, landfills, and gas distribution in Switzerland.

References:
FOEN 2010: Switzerlands Greenhouse Gas Inventory 1990-2008 - National Inventory Report 2010.
Hobi, S. 2011: Spatial allocation of methane sources and sinks in Switzerland. Master’s thesis, ETH Zurich. pp. 76.
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18.5

Greenhouse Gas flux budget of A managed Swiss grassland

Imer Dennis1, Merbold Lutz1, Eugster Werner1, Stieger Jacqueline1 & Buchmann Nina1

1 Department of Environmental Systems Science, Institute of Agricultural Sciences, Grassland Sciences Group, ETH Zurich, 8092 Zurich, 
Switzerland (dimer@ethz.ch)

Despite their relatively low atmospheric concentrations, methane (CH4) and nitrous oxide (N2O) account for roughly 26% 
of the global warming. Little is however known about, how fluxes of CH4 and N2O from an intensively managed grassland 
influence the greenhouse gas (GHG) budget (CO2, CH4, and N2O). Commonly used, manually operated static chambers only 
allow low for sampling frequencies, e.g. daily to monthly intervals. Therefore, temporal integration between samplings of 
CH4 and N2O f luxes is required to estimate seasonal and annual budgets. Yet, the methodology of temporal extrapolation 
can have considerable influence on GHG specific budgets.

In this study we aim at identifying strengths and weaknesses among temporal integration methodologies for seasonal and 
annual budgets of chamber based CH4 and N2O f luxes. Methodologies vary in complexity, spanning from weekly mean f lux 
integration to uni- and multivariate response functions.

CH4 and N2O f luxes were measured at an intensively managed grassland in Switzerland during a full 12 month period in 
years 2010/2011. Sampling frequency varied from weekly during the growing season to biweekly during the dormant 
season. CO2 f luxes were additionally measured continuously using the eddy covariance (EC) technique. 

Net uptake of CH4 and release of N2O were mostly observed during the 12 months measurement period, while eddy cova-
riance derived CO2 was characterized by net uptake during summer and net release during the dormant season. Annual 
sums of N2O f luxes differed significantly among the applied temporal integration methods, ranging from 0.7 to 2.7 g N2O 
m-2 a-1. CH4 sums did not show significant variations with varying integration methods, averaging ≈ 0 g CH4 m

-2 a-1. EC de-
rived annual carbon budgets for 2010 and 2011 indicated a mean net sink of 471 g CO2 m

-2 a-1. Thus, the uncertainty con-
tribution associated with N2O to an integrated GHG budget is considerably higher than that of CH4. Depending on the 
temporal integration method, the annual net carbon sequestration was reduced by at least 44% when including N2O and 
CH4 to the budget. With higher annual sums of N2O, the annual sequestration rate was completely used up and the grass-
land turned into GHG source.
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18.6

Understanding Atmospheric Methane Variability between 2000 and 2008 
using a Global Lagrangian Transport Model

Schnadt Poberaj Christina1, Brunner Dominik1, Henne Stephan1 & Spahni Renato2

1 Empa, Swiss Federal Laboratories for Materials Science and Technology, Laboratory for Air Pollution/Environmental Technology,
  Ueberlandstrasse 129, 8600 Dübendorf (christina.schnadt@empa.ch)
2 Climate and Environmental Physics, Physics Institute, University of Bern, Sidlerstrasse 5, 3012 Bern

Methane (CH4) is the second most important well-mixed greenhouse gas in terms of radiative forcing after carbon dioxide. 
To improve our understanding of recent CH4 growth rate variability, focusing particularly on the latest increase since 2007 
after a period of stagnation, we performed a global model simulation in combination with an emission inversion. This 
allowed us to quantify the temporal evolution of different methane sources during this period. In contrast to previous 
studies relying on Eulerian models, our simulations were performed with an enhanced version of the Lagrangian Particle 
Dispersion Model FLEXPART in a global domain filling mode and extended with a simple CH4 chemistry. 3 mio particles 
(air parcels) were permanently transported in the model over the years 2000-2008 each carrying a set of 44 tracers repre-
senting 11 different CH4 sources in 4 emission age classes each. A priori CH4 emissions were taken from state-of-the-art 
inventories and a wetland emission model. In FLEXPART, these are picked up by the particles residing in the atmospheric 
boundary layer. CH4 is subsequently lost by reactions with prescribed fields of OH and stratospheric Cl and O(1D) and 
deposition at the surface. Simulated concentrations are mostly in very good agreement with continuous in situ measure-
ments and f lask samples of the networks of NOAA, GAW and AGAGE. Finally, a posteriori emissions were inversely esti-
mated using a fixed-lag Kalman smoother by analyzing modeled CH4 concentrations against the in-situ measurements. 
Our results indicate that the renewed growth of CH4 in 2007 and 2008 was mainly attributable to positive anomalies in 
CH4 emissions from wet mineral soils in 2007/2008, tropical biomass burning emissions in 2006/2007, and an overall pos-
itive tendency in rice agriculture CH4 emissions over the simulation period.
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18.7

Quantification of methane emissions at the farm scale using  
boundary-layer volume budgets

Stieger Jacqueline1, Eugster Werner1, Buchmann Nina1

1 Department of Environmental Systems Science, Institute of Agricultural Sciences, Grassland Sciences Group, ETH Zurich,
  Universtitätsstrasse 2, CH-8092 Zurich (jacqueline.stieger@usys.ethz.ch)

Agriculture plays an important role in the global greenhouse gas budget. Especially emissions of CH4 from livestock and 
manure management are of key importance. In Switzerland, roughly 80% of all national methane emissions originate 
from the agricultural sector. However, methane emissions in Switzerland so far were not measured but were estimated 
via emission factors for enteric fermentation of livestock and for manure management. Since the uncertainties of these 
emission factors are high, the total uncertainty of the national methane emission estimate is also high (up to 55%). To 
improve the Swiss inventory estimates, direct field validation of regional-scale exchanges of methane are needed.

Our study aims at quantifying methane emissions at the farm-scale (0.5 – 5 km2). For assessing the source strength of a 
typical agricultural site, we measured methane concentrations in the lower atmosphere using a tethered balloon system 
combined with continuous profile measurements along a guy-wired 10-m mast at the ETH research station in Chamau 
(Canton of Zug). Based on these concentration profiles, we will present methane emission budgets from several campaigns 
carried out over two consecutive years (2011 and 2012).

We will show how boundary-layer budget quantifications of methane can be used for the validation of emission estimates, 
and hence for the reduction of associated uncertainties. The f lux pattern of methane followed a clear diurnal course. 
During the night, when strong subsidence and stable stratification dominated, the CH4 emissions from the agricultural 
sector (i.e., ruminants, manure) contributed the most to the f lux budget. However, the different source terms did not 
contribute equally to the whole budget in term of time and space. The source strength estimates revealed a strong depend-
ency of atmospheric processes and emissions on the temporal and spatial variabilities. As a result, budget quantifications 
differed up to 45% compared to the national inventory estimates.


