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There is a strong negative correlation between the variations of atmospheric oxygen (O2) and carbon dioxide (CO2) in the 
combustion processes of fossil fuels. To represent the quantitative relationship between the O2 and CO2 variations, oxidative 
ratio (OR) is defined as the molar exchange ratio of O2 and CO2 (OR = -DO2 [mol]/DCO2 [mol]). The OR value varies depends 
on the fuel type, such as coal, oil and natural gas (e.g. Keeling et al., 1988). In this study, we estimated the distribution of OR 
values in Europe by analyzing short-term CO2 increasing events observed at Ny-Ålesund (78º55’N, 11º56’E), Svalbard. 
Correlation analysis of the continuous CO2, O2 (Goto et al., 2017) and CO (Myhre et al., 2020) data identified a total of 868 
short-term CO2 increase events which were attributable to fossil fuel combustion between 2012 and 2019. The OR values were 
calculated for each event and the distribution of OR value of fossil fuel combustion in Europe were also examined using the 
OR values and footprints calculated by Lagrangian particle diffusion model (FLEXCPP, Zeng, et al., 2013) for each event. The 
OR values calculated from observations were generally consistent with those estimated from statistical data, but partly lower 
than those estimated in the previous study (Steinbach et al., 2011). 
 
References 
Goto, D., S. Morimoto, S. Aoki, P.K. Patra, T. Nakazawa, Seasonal and short- term variations in atmospheric potential oxygen 

at Ny-Ålesund, Svalbard. Tellus B 69. https://doi.org/10.1080/16000889.2017.1311767, 2017. 
Keeling, R. F.: Development of an interferometric oxygen analyzer for precise measurement of the atmospheric O2 mole 

fraction, Ph.D., Harvard Univ., Cambridge, Mass., U.S.A., 178 pp., 1988. 
Myhre, C. L., T. M. Svendby, O. Hermansen, C. R. Lunder, S. M. Platt, M. Fiebig, A. M. Fjæraa, G. Hansen, N. Schmidbauer, 

and T. Krognes, Monitoring of greenhouse gases and aerosols at Svalbard and Birkenes in 2019, NILU report 16/2020, 
https://nilu.brage.unit.no/nilu-xmlui/handle/11250/2689192, 2020. 

Steinbach, J., C. Gerbig, C. Rödenbeck, U. Karstens, C. Minejima, and H. Mukai, The CO2 release and Oxygen uptake from 
Fossil Fuel Emission Estimate (COFFEE) dataset: effects from varying oxidative ratios. Atmospheric Chemistry and Physics, 
11(14), 6855-6870, 2011. 

Zeng, J., H. Nakajima, T. Matsunaga, H. Mukai, K. Hiraki, and Y. Yokota, Linking carbon dioxide variability at Hateruma 
station to East Asia emissions by Bayesian inversion. Lagrangian Modeling of the Atmosphere, 163-172, 2013. 


