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1. Foreword to the special issue

This special issue is the result of a workshop about eddy
covariance (EC) flux measurements of CH4 and N2O held at the
Hyytiälä Forestry Field station in Finland in April 2008 in relation to
NitroEurope IP and ICOS (Integrated Carbon Observation System)
ESFRI preparatory phase project. The topic is important in the
greenhouse gas (GHG) evaluation community, and it also has policy
implications in relation to managing land for reduced emissions. EC
flux measurements of CO2 have been performed successfully since
the early 1990s; however, field-portable and rapidly responding
instrumentation for CH4 and N2O measurement became a commer-
cial reality only a few years before the workshop. Consequently, the
annual estimates of CH4 and N2O emissions from ecosystems are
predominantly based on studies using manual chamber measure-
ment which give information at plot scale covering about 0.5 m2 per
measurement (e.g., Nykänen et al., 1995; Pilegaard et al., 2006;
Schrier-Uijl et al., 2009) These annual estimates have large
uncertainties, even larger than 50% (e.g., Flechard et al., 2007),
due to the complexity of the sources and sinks (i.e. spatial and
temporal variation) which are difficult to detect accurately using
chamber measurements. Many researchers have suggested that
continuous measurements at hectare scale could be the solution to
obtain more accurate estimates (e.g., Flechard et al., 2005). This
spatial resolution can be achieved by high-frequency micrometeo-
rological techniques, like EC flux technique.

This workshop aimed at reviewing the current knowledge
about EC flux measurements of CH4 and N2O exchange. Five topics
were addressed:
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Scientists came from 19 different countries distributed over
four continents, i.e., USA, Europe, Asia and Oceania. The workshop
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was funded by iLEAPS (http://www.ileaps.org/), ICOS (http://
www.icos-infrastructure.eu/), NitroEurope (http://www.nitroeur-
ope.eu/) and Vaisala Ltd. The organizing committee came from
Finland (Timo Vesala, University of Helsinki), United Kingdom
(John Grace, University of Edinburgh) and the Netherlands (Petra
Kroon, Energy research Centre of the Netherlands).

At the time of the workshop some instruments were available
for performing EC flux measurements of CH4 and N2O. For example,
a limited number of EC flux measurements had been published
using tunable diode laser (TDL) spectrometers and quantum
cascade laser (QCL) spectrometers (e.g., Rinne et al., 2005; Eugster
et al., 2007: Kroon et al., 2007; Lohila et al., 2007; Neftel et al.,
2007). Hendriks et al. (2008) investigated the suitability of a fast
methane analyzer (FMA) for EC flux measurements of CH4. These
complex measurement devices can probably not yet be considered
as ideal, as there are issues of portability, stability and response
time. Drift characterization is an issue and atmospheric data may
at times be affected by sensor drift. Werle (2010) developed
practical guidelines how to use EC flux measurements by laser-
optical instruments suffering from signal instability.

We also discussed whether the commonly used Euroflux
methodology for CO2 EC flux measurements given in Aubinet et
al. (2000) could also be used for EC flux measurements of CH4 and
N2O. Some differences in data evaluation were identified. In
addition, possible improvements were given for some parts of the
Euroflux methodology. For example: Eugster and Plüss (2010)
evaluated the data acquisition procedure in detail. They stated that
experimentalists working in the field of EC flux measurements
should switch to fully digital acquisition. Moreover, an overview of
possible systematic errors by EC flux measurements of CH4 and
N2O has been given in Kroon et al. (2010-b). The effect of high-
frequency losses and the effect of cross-talk of water vapor on the
trace gas concentration measured by a QCL have been evaluated in
Kroon et al. (2010-a) and Neftel et al. (2010), respectively.

Next to the data procedures, the uncertainty in EC flux
measurements was a crucial topic. The question was addressed
whether the uncertainty in EC flux measurements of CO2 was equal
to the uncertainty of the other two greenhouse gases measured by
EC flux technique. The uncertainty in CO2 measurements has been
discussed previously e.g., Moncrieff et al. (1996). Kroon et al.
(2010-b) estimated the uncertainty in 30 min EC fluxes of CH4 and
N2O and the uncertainty over longer time periods. The uncertainty
in a 30 min EC flux value of CH4 and N2O can be much larger than
the uncertainty of CO2. This is partly due to the relative small flux
values of CH4 and N2O.

The importance of comparing different independent measure-
ment methods was also indicated. There were only a few
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published articles available concerning comparisons of EC flux
measurements to chamber measurements (e.g., Laville et al.,
1999; Pihlatie et al., 2005). In this issue, EC flux measurements are
compared to static chamber measurements as well to the soil
gradient method by Schrier-Uijl et al. (2010) and Hendriks et al.
(2010). In addition, Desjardins et al. (2010) compared N2O
emission estimated from tower, air-craft and a process-based
model.

The magnitude of CH4 and N2O emissions and their underlying
processes were the last topics of the workshop. We concluded that
there is still a lack of knowledge for interpreting the global CH4 and
N2O emissions from different land types. Therefore, we encouraged
performing measurements over long time periods using microme-
teorological techniques. Denmead et al. (2010) investigated the
emissions of both gases from sugarcane soils in Australia and Tseng
et al. (submitted for publication) determined the emissions of CH4

from a rice paddy in Taiwan.
Finally, Famulari et al. (2010) showed how EC flux measure-

ments could not only be used for natural or semi-natural
ecosystem exchange, but also for urban surface and for urban
air quality. This group investigated urban N2O from a 65 m tower
above the street level of Edinburgh in Scotland.

In summary, the present volume forms a collection of
eleven papers discussing several aspects concerning EC flux
measurements of CH4 and N2O. Even since this workshop, new
sensors have been introduced, and clearly this is an exciting and
rapidly-expanding field of enquiry; we hope this special issue
will serve to guide new entrants into the field of EC flux
measurements.
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