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1. Project description

Long-term observations of carbon dioxide (COz) provide direct
information about their variability and rate of change in the
atmosphere. Co-located observations of stable CO, isotope ratios
add unique information on the CO; fluxes between the different
pools involved in the carbon cycle owing to isotopic fractionation
during environmental processes. Atmospheric CO, concentration
and its stable isotope ratios (63C and 680) are measured
continuously and simultaneously by online quantum cascade laser
absorption spectroscopy (QCLAS) since December 2008 at the
Jungfraujoch research station as previously described (Tuzson et
al., 2008 and 2011; Sturm et al. 2013). The data are available as 10
min averages and enable the analysis of variations at hourly and
diurnal time-scales. Thereby, they allow insights on isotopic
signatures from specific anthropogenic pollution and biospheric
depletion events, which can be allocated to specific source/sink
regions using backward Lagrangian particle dispersion modelling
(Stohl et al., 2005). Further, the high data density also allows
reliable determination of background conditions (Ruckstuhl et al.,
2012; Herrmann et al., 2015). Here, we present seasonal trends
obtained from a decade of continuous data records combined with
statistical background filtering.

2. Results

Figure 1 presents the seasonal trend at background conditions for
CO,, 613C and 680 as monthly averages and parametric fit of data,
which were corrected for the underlying long-term trends.
Background filtering was applied to select a subset of the data. For
this purpose, various filters were tested, following suggestions by
Herrmann et al., 2015. These included chemical, meteorological,
and statistical approaches. Here, we present data selected by
statistical filtering as described by Ruckstuhl et al., 2012, since it
yielded higher data coverage compared to chemical and
meteorological filtering. Long-term trend subtraction as well as
parametric fitting with four harmonics was performed through
non-linear least squares regression analysis (Thoning et al., 1989).
The trends indicate a strict anti-correlation of CO, and 63C
concerning their maximum and minimum, and a phase-shift for the
maximum and minimum in 620 compared to the other two
species.
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Figure 1. Seasonal variation of a) CO,, b) §13C and c) 6180 presented
as monthly averages (+1 standard deviation) and parametric
harmonic fit of de-trended continuous data collected in the period
2009-2017. Isotope data are referenced to the Vienna Pee Dee
Belemnite (VPDB) scale. Shaded areas indicate maximum and
minimum. The SD represents the year-to-year variability of de-
trended data (i.e. the long-term-trend is subtracted and thereafter
data are first aggregated to hourly, daily and monthly averages per
year and then averaged over the whole period 2009-2017).
Harmonic fitting of continuous data was performed on 10 min
averages at statistical background conditions.
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3. Conclusions and Outlook

Real-time observations allow for robust estimation of seasonal
cycles. Further, real-time observations have additional value by
capturing hourly and diurnal variations and thereby providing
additional insights into the dynamics of atmospheric CO,. Ongoing
classification and clustering of the data based on atmospheric
transport model simulations is aiming at determining the isotopic
signatures of pollution and depletion events and associated
implications for the sources and sinks of CO,.
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