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Carbonyl sulfide (COS) as a tracer to constrain surface carbon fluxes
Dan Yakir (1), Max Berkelhammer (2), John Miller (3), Steve Montzka (3), and Huilin Chen (4)
(1) Earth & Planetary Sciences, Weizmann Institute of Science, Israel (dan.yakir@weizmann.ac.il), (2) Dept. of Earth and
Environmental Sciences University of Illinois, Chicago, (3) NOAA, Earth System Research Laboratory, Global Monitoring
Division, Boulder, Colorado, (4) Center of Isotope Research, University of Groningen, The Netherland

The potential use of COS as tracer of CO2 flux into leaves associated gross primary productivity (GPP), and
separately from CO2 flux associated with ecosystem respiration (Re), stimulate research on COS-CO2 interactions
during biosphere-atmosphere gas exchange. This is based on the observation that COS co-diffuse with CO2

into vegetation, but without an emission outflux. Recent advances in laser spectroscopy and the availability of
high precision field deployable quantum cascade laser systems resulted in accumulation of new results from
laboratory-scale control experiments, field studies, atmospheric measurements and, in turn, large scale modeling.
These studies demonstrate the potential in the COS application to carbon cycle research, but also highlight key
uncertainties, such as associated with soil uptake of COS. Soil uptake is based on dissolution and hydrolysis in soil
moisture, which can be enhanced by carbonic anhydrase (CA) that can exist in soil and litter and microorganisms.
Our recent in-situ measurements over the diurnal cycle and across a range of ecosystems and tree species
supported the idea of a robust COS to CO2 uptake ratio of near 1.6, and indicated that soils act mostly as a
relatively small COS sink, equivalent to 2-6% of canopy uptake during peak activity period. The results also
indicated that small soil net COS emission can be observed under certain conditions. The importance of CA
activities has been demonstrated in soils in CO2 studies using stable isotopes (18O), and for COS in leaves using
anti-sense lines, but quantifying its importance for soil COS uptake is still lacking. Measurements in canopy air
showed that the daily co-variation between COS and CO2 reflects the interplay among the effects of soil, leaf and
atmospheric boundary layer dynamics. Further extending observations to background tropospheric measurements
of the seasonal drawdown in CO2 and in COS demonstrates that comparing the drawdowns of COS, CO2 and
its 13C, could provide additional constraints on the differential responses of photosynthesis and respiration, such
as associated with C3 and C4 vegetation. Developing the use of COS as a powerful tracer of photosynthetic
CO2 fluxes at all scales can help improve prediction of future responses of the terrestrial biosphere to changing
environmental conditions.
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