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[1] Eddy covariance flux measurements were carried out for two subsequent
vegetation periods above a temperate mountain grassland in an alpine valley using a
proton‐transfer‐reaction‐mass spectrometer (PTR‐MS) and a PTR time‐of‐flight‐mass
spectrometer (PTR‐TOF). In 2008 and during the first half of the vegetation period 2009
the volume mixing ratios (VMRs) for the sum of monoterpenes (MTs) were typically well
below 1 ppbv and neither MT emission nor deposition was observed. After a hailstorm in
July 2009 an order of magnitude higher amount of terpenes was transported to the site
from nearby coniferous forests causing elevated VMRs. As a consequence, deposition
fluxes of terpenes to the grassland, which continued over a time period of several weeks
without significant reemission, were observed. For days without precipitation the
deposition occurred at velocities close to the aerodynamic limit. In addition to
monoterpene uptake, deposition fluxes of the sum of sesquiterpenes (SQTs) and the sum of
oxygenated terpenes (OTs) were detected. Considering an entire growing season for the
grassland (i.e., 1 April to 1 November 2009), the cumulative carbon deposition of
monoterpenes reached 276 mg C m−2. This is comparable to the net carbon emission
of methanol (329 mg C m−2), which is the dominant nonmethane volatile organic
compound (VOC) emitted from this site, during the same time period. It is suggested
that deposition of monoterpenes to terrestrial ecosystems could play a more significant
role in the reactive carbon budget than previously assumed.
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1. Introduction

[2] VOCs are involved in the production of tropospheric
ozone [Atkinson, 2000] and the formation of secondary organic
aerosols [Hallquist et al., 2009]. Biogenic VOCs (BVOCs)
contribute up to 90 percent to the global emissions of VOCs
[Guenther et al., 1995]. Uncertainties in both, emission and
deposition models of BVOCs affect the accuracy regarding
the estimation of global VOC budgets, climate modeling, and
the reactive carbon budget and call for detailed studies of the
VOC exchange between the biosphere and the atmosphere.
[3] Historically, studies have sought to quantify the dom-

inant compounds emitted from different ecosystems, e.g.,

terpenes from forested sites [Rinne et al., 2007; Spirig et al.,
2005] and methanol from grassland [Bamberger et al., 2010;
Brunner et al., 2007;Kirstine et al., 1998]. Terpene emissions
by trees are known to be controlled by light (formation by
enzymatic reactions), and/or temperature (release from stor-
age pools) depending on the tree species [Niinemets et al.,
2004]. Furthermore, environmental stress, like the damage
of coniferous tree needles (e.g., by strong wind, hail, insects,
etc.), triggers the release of terpenes to the atmosphere
[Loreto et al., 2000]. Light and temperature‐driven algo-
rithms [Guenther et al., 1993] are used to predict terpene
emissions from vegetation in ecosystem models [Baldocchi
et al., 1999; Potter et al., 2001]. Although temperature‐
and light‐dependent emissions of terpenes from the biosphere
are relatively well explored (compared to other VOCs) there
are still controversies how reliable these algorithms are, as
well as how to predict emissions in response to stress [Grote
and Niinemets, 2008]. Because of a limited amount of data,
stress induced emissions in response to extreme environ-
mental conditions or physical damage of trees are not yet
included in ecosystem‐scale emission models [Arneth and
Niinemets, 2010].
[4] Compared to plant emissions, the knowledge about

uptake of VOCs to the vegetation is very limited. Deposition
can either take place via precipitation (wet deposition) or by
transport to the ground by air motions (dry deposition) [Wesely
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