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Project description: 
Since January 2000 halogenated greenhouse gases and stratospheric ozone depleting 
substances, including CFCs, HCFCs, HFCs and chlorinated solvents are continuously 
measured by gaschromatography-mass spectrometry (GCMS) at the high Alpine 
station of Jungfraujoch. These measurements are performed in collaboration with the 
Swiss Agency for the Environment, Forests and Landscape (SAEFL) in order to 
estimate the Swiss source strengths of these gases. These measurements are also part 
of the EU-project SOGE (System for Observation of Halogenated Greenhouse Gases 
in Europe). Within SOGE, fully intercalibrated in situ data have been measured since 
2001 by GCMS-technique at four European background stations (i.e. Mace Head, 
Ireland; Ny-Ålesund, Spitsbergen; Jungfraujoch, Switzerland and Monte Cimone, 
Italy). As an example for the data collected at the 4 SOGE sites the time series of 
HFC-134a are shown in Figure 1. 
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Figure 1: Time series of HFC 134a at the Jungfraujoch (Switzerland), Mace Head 
(Ireland), Ny-Alesund (Norway) and Monte Cimone (Italy). 

 

Analyses of data from Jungfraujoch were used to estimate European emissions of the 
halogenated greenhouse gases. During periods where the Jungfraujoch was under the 
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influence of the European boundary layer, the average ratio of halocarbons to carbon 
monoxide (CO) concentrations above the tropospheric background concentrations 
was used to estimate the European source strength of these gases. Although sources 
of CO and halocarbons are not necessarily co-located, we assume that the relative 
abundances of CO and halocarbons averaged over all pollution events are 
representative for the European polluted boundary layer.  

HFC 134a, which is mostly used as refrigerant (e.g. in mobile air conditioners) had 
the highest European emission of the halocarbons analysed in the period 2000-2003. 
Often pollution events showed a parallel increase of HFCs 134a and HFC 125 (also 
used in air conditioners) but emissions of the latter were significantly smaller. The 
emissions of HCFC 141b, which is in the process of being forbidden because of the 
regulations in the Montreal Protocol, had declining emissions from 200-03. Instead of 
this forbidden compound, a new hydrofluorocarbon (HFC 365mfc) could be 
measured for the first time in 2003. 

We use a statistical trajectory model to estimate the location of regions in central 
western Europe, which contribute to the observed elevated concentrations at the 
Jungfraujoch. Thereby, we connect measurement data at the Jungfraujoch with 
respective back trajectories. The results should be regarded as indicative, showing 
only potential source regions. 

Results of the temporal development of the emissions for for HCFC 141b and HFC 
152a, seen with the trajectory statistics, are shown in Figure 2. Thereby, air from Italy 
used to be polluted with the now forbidden HCFC 141b – but emissions have 
declined dramatically. On the other hand, emissions from HFC 152a, which is 
predominately used in foam blowing, have increased substantially. 
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Figure 2: Source regions resulting from trajectory statistics of the HCFC 141b and 
the HFC 152a between 2001-2003 seen at Jungfraujoch. Units indicate averaged 
concentrations above the baseline [ppt], linked to trajectories that passed over the 
respective grid cell. 
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chloroform emissions inferred from long-term atmospheric measurements, 2005, 
accepted in Nature. 

 
Address: 
EMPA Dübendorf 
Ueberlandstrasse 129 
CH-8600 Dübendorf 
 
Contacts: 
Stefan Reimann  
Tel. +41 1 823 5511  
e-mail: stefan.reimann@empa.ch
http://www.empa.ch/abt134
SOGE homepage: www.nilu.no/niluweb/services/soge/
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