
International Foundation HFSJG                                                                                                             Activity Report 2020 
   

40 
 

High precision carbon dioxide and oxygen 
measurements at Jungfraujoch 

Markus C. Leuenberger1, Michael F. Schibig2, Peter Nyfeler2, Christoph Reinhard2, 
Hanspeter Moret2 

1 Climate and Environmental Physics, Physics Institute and Oeschger Centre for Climate Change 
Research, University of Bern, Bern, Switzerland 
and 
Director of the International Foundation High Altitude Research Stations Jungfraujoch and Gornergrat 
(HFSJG), 3012 Bern 
2 Climate and Environmental Physics, Physics Institute and Oeschger Centre for Climate Change 
Research, University of Bern, Bern, Switzerland 
 
markus.leuenberger@climate.unibe.ch 
 
Part of this programme: ICOS 
 
Keywords: CO2 measurements; O2 measurements 

 

1. Project description 

Oxidation ratios of different processes like photosynthesis, 
respiration or fossil fuel combustion are relatively stable over time. 
Therefore, combined CO2 and O2 measurements can be used to 
determine how much of the emitted CO2 is taken up by the ocean 
and the biosphere and how much stays in the atmosphere.  

The in-situ CO2 and O2 measurements were continued throughout 
the whole year with mainly minor interruptions due to technical 
issues. As in previous years, the record shows an increase of the 
atmospheric CO2 mole fraction modulated by the seasonal cycle 
due to mainly photosynthesis and respiration. 

 

Figure 1. Monthly averages of the CO2 measurements from 
Jungfraujoch (Sphinx) calculated using filtered nightly hourly means 
(22:00-3:59 UTC) from 2005 to 2020. The red dots mark months 
with a coverage better than 50 %, the yellow diamonds correspond 
to months where the coverage is less than 50 %, the empty squares 
represent months with no measurements at all, they were 
calculated using the 2-harmonic fit function, which is represented 
by the red line. 

To calculate the annual CO2 increase and the seasonality at 
Jungfraujoch, only night-time values (22:00-3:59 UTC) were used 
because they represent mostly background air from the free 
troposphere. Months with a coverage of less than 50 % were 
excluded from further calculations. The CO2 trend from 2005 to 
2020 was calculated to be 2.29 ± 0.03 ppm yr-1 (Figure 1). The 
average seasonal amplitude over this period was 10.92 ± 1.17 ppm 
with a maximum in March/April and a minimum in August. 

Due to the COVID-19 pandemic, many countries had partial or 
complete lockdowns, tourism and travel was reduced as were many 
economic operations. The global CO2 emission reduction in 2020 
due to the COVID-19 policy was estimated by Friedlingstein et al. 
(2020) to be about 8 %.  

 

Figure 2. Monthly averages of the detrended 2020 CO2 
measurements are represented by the orange diamonds, the red 
line with the red dots shows the average seasonality over the years 
2005-2019 with their standard deviation, which follows very close 
the 2-harmonic fit function calculated based on the data 2005-2019 
indicated by black dashed line. 
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However, this decrease is hardly traceable in the CO2 
measurements at Jungfraujoch yet. The CO2 increase calculated 
based on filtered night-time values over a ten year period from 
2010-2019 is 2.47 ± 0.05 ppm yr-1, the increase from 2011-2020 
including the COVID-19 year is 2.45 ± 0.05 ppm yr-1 which is the 
same within the uncertainties. Also when detrending and 
deseasonalizing the data using the filtered night-time data from 
2005-2019 and calculating averages of the months of this 15 year 
period, the monthly averages of the year 2020 lie mostly within the 
uncertainty and are not generally lower (Figure 2). 

Temperature control issues of the inlet system showed to have a 
strong effect on the O2 content of air in close contact with the 
heated walls of the inlet system. In order to measure unaffected air 
a dip tube was installed in January 2020. The system samples now 
air from the center of the inlet sysem, where the effects of the 
heating on the O2 content of the sample air is much smaller as was 
indicated in short tests in late 2019. 

 

Figure 3. Detrended and deseasonalized δO2/N2 measurements 
(blue line) show a strong influenced of the temperature (red line, 
red y-axis) on the oxygen measurements before the installment of 
the dip tube in January 2020, the measurements with the dip tube 
in 2020 show no such influence of the temperature anymore (black 
line, black y-axis). 

Comparing measurements from phases with instable temperature 
control before and after the installation of the dip tube (Figure 3) 
confirm the results of the short test. The influence of the 
temperature on the oxygen measurements vanished with the dip 
tube. When using the first 10 years of measurements (2005-2014) 
to calculate a 2-harmonic fit funciton with slope and extrapolating 
it until the end of the year 2020 (Figure 4), the phase of the bad 
temperature control and its influence on the meausurements 
become clearly visible. However, the data of the year 2020 with the 
dip tube match the extrapolated fit function perfectly, indicating 
that the oxygen meaurements are fine again. 

 

Figure 4. Hourly averages of δO2/N2 measurements at the Sphinx 
observatory, the light blue dots represent all available hourly 
averages, the dark blue dots are the hourly averages after sigma-
filtering, where the values from 2015 until 2019 were not 
considered due to the influence of the inlet temperature regulation 
on the O2 content of the sampled air. The black line represents a 
2-harmonic fit function based on the filtered values from 2005 to 
2014, the dashed black line shows its extrapolation until the end of 
2020. 

Correcting the oxygen data from 2015 to 2019 using the 
temperature of the inlet system is still work in progess, a 
completely satisfactionary solution has not been found yet. 
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Scientific publications and public outreach 2020 

Conference Papers 
Schibig, M.F., P. Nyfeler, M.C. Leuenberger, Influence of SARS-CoV-2 
lockdown on atmospheric background CO₂ values measured at 
Jungfraujoch, oral presentation, ICOS-CH annual meeting, virtual, 
September 3, 2020. 

Schibig, M.F., P. Nyfeler, M.C. Leuenberger, Influence of SARS-CoV-2 
lockdown on atmospheric background CO₂ values measured at 
Jungfraujoch, poster presentation, ICOS science conference, virtual, 
September 15-17, 2020. 
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