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Name of research institute or organization: 

Climate and Environmental Division, Physics Institute, University 
Bern 
 
Title of project: 
High precision carbon dioxide and oxygen measurements 
 
Project leader and team: 
Prof Dr. Markus Leuenberger, project leader 
Chiara Uglietti, Peter Nyfeler and Hanspeter Moret 
 
Project description: 
Constant emissions of CO2 and other greenhouse gases would influence the global 
climate system during the next decades and centuries. It is therefore essential to gain 
knowledge on the processes involving CO2 exchanges among the atmosphere, the 
biosphere and the ocean in order to estimate the carbon sources and sinks and to fill 
the gaps in the comprehension of the global carbon cycle. Furthermore atmospheric 
oxygen can be used as carbon cycle tracer and its measurements provide an additional 
and independent tool to characterize the partitioning of anthropogenic CO2 between 
the terrestrial biosphere and the ocean. 
During 2009 we monitored atmospheric carbon dioxide and oxygen by means of 
weekly glass flasks analyzed by isotope ratio mass spectrometry at the University of 
Bern and via a continuous in situ measurements system for CO2 and O2 (Figure 1) 
which was installed at Jungfraujoch at the end of 2004. 
The comparison between the continuous records and the corresponding flask samples 
is relatively good and precise for CO2, but poorer in O2 since the detection of small 
variations in the atmospheric O2 signal is challenging because of its large atmospheric 
background. Nevertheless real time measurements can be used to better validate the 
flasks data and vice versa and they provide useful information on the short-term 
variations (weekly, diurnal and hourly variations).  
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Figure 1: CO2 and O2 online measurements at Jungfraujoch for 2009 
We investigated the transport of CO2 towards Jungfraujoch using backward 
trajectories simulations. A trajectory analysis is performed in order to better identify 
and explain the measured CO2 variations and to allocate possible source regions over 
Europe of greenhouse gases carried to the Jungfraujoch. This study has been carried 
out with support by the Swiss Federal Laboratory for Material Testing and Research 
(EMPA). For this purpose calculated trajectories, using the trajectory model 
FLEXTRA have been used. Trajectories are a useful tool to simulate and classify the 
air masses arriving at Jungfraujoch and thus explaining some particular features 
occurring in the CO2 record (very high peaks in the records, Figure 2). 
For the assessment of European source, concentration measurements are then 
combined with so called “footprints” calculated from the trajectories (Figure 3). 
These footprints represent the residence time of air masses sampled at Jungfraujoch in 
the boundary layer over the European continent. Assuming that emissions are 
uniformly mixed over the depth of the boundary layer, such footprints can be 
interpreted as potential source sensitivity maps. 
The footprints also help to understand the general pattern of atmospheric transport to 
Jungfraujoch. In general, trajectories provide qualitative information on whether an 
air parcel had passed over a specific area and thus over a source or sink area. 
Jungfraujoch is influenced by both clean air masses and polluted boundary layer air 
because of its elevated position in the middle of Europe. Air masses are normally 
transported to the site by meteorological processes such as fronts, Foehn winds or 
thermal up-lifting by convection during anticyclonic periods in summer. These events 
together with associated atmospheric tracer concentrations can be used to assess 
emissions areas from the European continent.  
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Figure 2: CO2 online and flasks records during the period 2005 – 2009. The arrows 
highlight the high concentrations events further analyzed using back trajectories 
simulations. 
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Figure 3: Example of relative footprint map of trajectories corresponding to high CO2 
concentration measured on 23rd November 2007 and associated to a south Foehn 
event. 
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Book sections 
Uglietti C., Leuenberger M., Valentino F.L. and Sturm P. (2009). Comparison 
between online and flask measurements of atmospheric O2 and CO2 at the High 
Alpine Station Jungfraujoch, Switzerland. Session "Measuring atmospheric 
composition changes (M)", in: Atmospheric composition Change - Causes and 
Consequences - Local to Global. Michela Maione, Sandro Fuzzi. Aracne editrice 
S.r.l.. (comprehensive conference proceedings of Second ACCENT Symposium. 
Urbino, Italy, July 23-27, 2007) 

Theses 
Uglietti, C., Understanding the Carbon Cycle through Atmospheric Carbon Dioxide 
and Oxygen Observations, PhD Thesis, Universität Bern, 2009. 

Magazine and Newspapers articles 
“Sul tetto d’Europa per sondare il cielo”, Geo, una nuova immagine del mondo, num. 
40, 2009 pag. 78 - 84. 
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