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Editorial

Direct CO2 advection measurements and the night flux problem

1. Introduction

The error affecting nighttime eddy covariance (EC) measure-
ments and derived CO2 budgets has been extensively discussed in
literature since the paper of Goulden et al. (1996). This problem is
usually overcome by removing data measured during periods con-
sidered as improper for eddy covariance measurements and, when
necessary, replacing them by parameterisation or more sophis-
ticated gap-filling. Generally, the criterion used for selecting the
data is based on friction velocity (u*-filtering approach, Falge et
al., 2001). However, this approach has been widely criticized as
it suffers from both theoretical and practical shortcomings. On
the theoretical point of view, its main flaw is that it is purely
empirical and does not rely on any theoretical basis, neither for
the establishment of the filtering criterion nor for the replace-
ment of removed data. There is thus no assurance that data
selection really removes only improper data and all the improper
data.

As an alternative the idea of measuring all components of the
mass balance in a control volume, including the advective terms,
soon rose in order to have a more physically based estimate
of Net Ecosystem Exchange (NEE). This relies on the hypothe-
sis that night flux error mostly results from the emergence of
non-turbulent transport processes that compete with turbulent
flux under low turbulence conditions. However, measurement of
non-turbulent fluxes constitutes a challenge as it requires a three-
dimensional approach, needing thus several measurement towers,
which greatly increases the complexity and the costs of the setup
compared to a single tower. Such measurements could difficultly
be contemplated in a long-term perspective but should be limited
to campaigns.

Several campaigns aiming at directly measuring advection have
been designed recently (Aubinet et al., 2003; Feigenwinter et al.,
2004; Staebler and Fitzjarrald, 2004, 2005; Marcolla et al., 2005;
Heinesch et al., 2007, 2008; Tóta et al., 2008; Sun et al., 2007;
Leuning et al., 2008; Yi et al., 2008). However, these different
experiments are difficult to compare as the results are sensible to
the design of the experimental setup and the applied methodology
to derive the fluxes from measurements. The ADVEX experiment
tried to overcome these limitations by applying an identical
experimental setup and methodology for all three measurement
campaigns.

ADVEX was invoked in the frame of the CarboEurope-IP (CEIP)
project whose overarching aim was “to understand and quantify
the terrestrial carbon balance of Europe and the associated uncer-

tainties at local, regional and continental scale”. In this frame, the
ADVEX group was formed with the aims:

- to apply the best experimental setup for advection experiments;
- to understand the micrometeorological and biological processes

that are responsible for advective CO2-fluxes (katabatic flows,
low and intermittent turbulence (stable and calm nights), source
strength heterogeneities, mesoscale motions, etc.);

- to apply the most suitable method to estimate the components
and the total of the advective fluxes (e.g. vertical wind compo-
nents, horizontal and vertical integration of [CO2] profiles and
wind profiles, uncertainty analysis, etc.);

- to provide indication on conditions under which advection
occurs;

- to provide means for correcting EC fluxes for advection (u*, sta-
bility, storage, EC flux, wind direction, topography, etc.).

Six teams from five European countries were involved in ADVEX,
performing three campaigns in 2005 (Renon/Ritten, Italy) and 2006
(Wetzstein, Germany; Norunda, Sweden) with a duration of 133, 68
and 73 days, respectively (Table 1).

A system (Fig. 1) of four towers fully equipped with wind
velocity, temperature and [CO2] profiles and constituting thus a
control volume was installed at three European forest sites already
equipped with eddy covariance systems. These sites are charac-
terised by different topographies. All campaigns were limited to
two to four months. A first presentation of the setup and of the first
results was given in Feigenwinter et al. (2008).

From CO2 concentrations and wind velocity components deter-
mined in the control volume, horizontal and vertical advection
were calculated for the control volume.

All papers of this special issue were presented at the “ADVEX
final conference and workshop on advection” that closed the
ADVEX project. They all but two refer to these measurement cam-
paigns.

The first paper of this special issue gives an evaluation of the abil-
ity of direct advection measurements to correct the night flux error
was made by Aubinet et al. (2010). They considered that the inde-
pendence of wind direction and friction velocity could be used as a
robustness test and analysed the evolution of vertical and horizon-
tal advection and of advection corrected fluxes in relation to these
variables. The results showed that the test failed in most cases,
advection corrected fluxes varying strongly with these two vari-
ables. They show in addition that advection measurements could
difficultly be used to determine when conditions for obtaining reli-
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Table 1
ADVEX organisation.

ADVEX coordination
University of Liège, Gembloux Agro-Bio Tech., Physique des Biosystèmes (M.
Aubinet, C. Feigenwinter)

ADVEX teams
University of Liège, Gembloux Agro-Bio Tech., Physique des Biosystèmes,

Gembloux, Belgium (M. Aubinet, C. Feigenwinter, B. Heinesch, M. Yernaux)
Max Planck Institute for Biogeochemistry, Jena, Germany (M. Hertel, O. Kolle,

C. Rebmann, M. Zeri, W. Ziegler)
Lund University, GeoBiosphere Science Centre, Physical Geography and

Ecosystems Analysis, Lund, Sweden (A. Lindroth, M. Mölder)
Forest Services and Agency for the Environment, Autonomous Province of

Bolzano, Bolzano, Italy (S. Minerbi, L. Montagnani)
Technische Universität Dresden, Institute of Hydrology and Meteorology,

Department of Meteorology, Dresden, Germany (C. Bernhofer, U.
Eichelmann, U. Moderow, R. Queck)

Institute of System Biology and Ecology, Academy of Sciences of the Czech
Republic, Brno, Czech Republic (M. Acosta, D. Janous, M. Pavelka)

ADVEX sites/campaigns
Renon/Ritten Italian Alps, Italy 2005 DOY 125-258
Wetzstein Thuringia, Germany 2006 DOY 102-170
Norunda Uppland, Sweden 2006 DOY 188-261

able eddy flux measurements were met. Indeed, larger advection
was sometimes observed under strong winds and in flat topog-
raphy, i.e. in conditions where eddy flux should supposedly give
reliable estimates of the biotic flux. They concluded that a night
flux correction based on direct advection measurements was hardly
practicable.

However, if the results of this first paper mainly indicate the
inability of direct advection measurements to correct the night flux
error, the following four papers, by concentrating on site specific
problems, stressed interesting mechanisms at work in the canopy
and sub-canopy spaces in stable conditions.

Feigenwinter et al. (2010a) showed that advection patterns were
closely linked to the local slope wind system at the alpine site
Renon/Ritten. The persistent slope wind system was occasionally
modified by two regio-typical synoptic weather situations: “Tra-
montana”, a cold strong wind from the North (downslope), and
“Southerlies”, a moderate warm wind from the South (upslope),
resulting in a substantial amplification and/or attenuation of the
local slope wind system and thus the advection patterns. Despite
the complex topography and heterogeneity of the vegetation, a
robust diurnal course of advection developed during “normal”
conditions with downslope winds and high positive advection at
night and upslope winds and weak negative advection during the
day. Nighttime horizontal advection was increased during “Tra-

Fig. 1. General ADVEX experimental setup (adapted from Feigenwinter et al., 2008).

montana” by the strong winds blowing parallel along the CO2
concentration gradient and decreased during Southerlies because
of the synoptically blocked downslope flow. Including the advec-
tive fluxes into the carbon balance would significantly reduce the
reported sink of this forest. However, as for all advection stud-
ies, the magnitude of this reduction was affected by considerable
uncertainty.

Zeri et al. (2010) analysed advection patterns associated with
cross-ridge flows at the Wetzstein site. Although advection fluxes
were generally small at this site, the patterns for both directions
of cross-ridge flows could be clearly related to properties of flows
over vegetated hills, namely reverse flow and CO2 accumulation
at the slope of the downwind side, leading to positive advection
during nighttime. Though advection was gladly classified to be
“site specific”, it is likely that similar site topography will lead to
similar qualitative advection regimes as described in these two
papers.

Rebmann et al. (2010) also focused on the Wetzstein site
although their results are based on a larger database, encompassing
six years of measurements. They point up specific periods during
which above average turbulent CO2-fluxes were detected in night
conditions. They showed that these fluxes were observed under
specific weather conditions and could result from advection of CO2
enriched air from some pools situated outside of the control vol-
ume. Concentrating on the site carbon balance, they showed that
more realistic yearly NEE, GPP and TER sums were obtained when
discarding these data from the data set. This study is one of the very
rare studies to report night flux eddy covariance measurements
that overestimate the biotic fluxes. Unfortunately, occurrence of
such periods was seldom so that they were not observed during
the ADVEX campaign at this site.

In the run-up to the ADVEX campaigns, the Norunda site was
actually foreseen as the “reference site” where no advection occurs
due to the nearly ideal conditions for EC-measurements. Surprise
was big when realizing already after a few days of measurements,
that nights with extremely large horizontal CO2 concentration gra-
dients (and coinciding horizontal advection) frequently occurred.
Feigenwinter et al. (2010b) analysed a series of such nights with
large intermittent horizontal advection fluxes in the range of –
50 �mol m−2 s−1. Since measurement errors were at least one order
of magnitude smaller than these fluxes, advection was consis-
tently negative at Norunda during the whole campaign. Applying
the advection correction led to biologically unrealistic carbon bud-
gets, the authors concluded that the ADVEX setup did obviously
miss some features of advection related to both, larger (meso) and
smaller (turbulence), scales.

The following four papers investigated specific properties of the
wind field in forests.

One important issue is the correction of the measured wind
field according to the law of mass conservation, a topic which was
brought up by Vickers and Mahrt (2006), Heinesch et al. (2007) and
by Leuning et al. (2008), for the computation of the vertical wind
velocity, and later extended to the three dimensions by Montagnani
et al. (2009).

Montagnani et al. (2010) used a correction factor cf to account
for mass conservation of the wind field within the external surfaces
of the control volume and compare their advection computations
with the results of Feigenwinter et al. (2008) for all three ADVEX
sites. They conclude that the two different methods are coherent
in the indication of sign (positive for Renon/Ritten and Wetzstein,
negative for Norunda) and the average patterns of the mean diurnal
courses, however differences were observed in the magnitude of
the advective fluxes and, in particular, for some site specific wind
conditions.

Canepa et al. (2010) proposed an alternative approach to com-
pute advection by reconstructing the wind field with a mass
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conservation approach. They calculate half hourly advection at the
Renon site with a “mass consistent flow model” (WINDS), which
takes into account measured wind data and simulates the 3D flow
field while imposing air mass conservation in the control volume.
They discuss the effect of the wind field reconstruction method
on the estimation of the advective fluxes and investigated the
possibility of using reduced input wind data. They conclude that
the representativeness of wind tower measurements is of primary
importance for estimating CO2 advection terms and their uncer-
tainty in complex terrain.

Queck and Bernhofer (2010) present a parameterisation
scheme for the wind profile in and above tall vegetation canopies
that accounts for the influence of the canopy architecture on
the in-canopy flow under changing meteorological conditions.
Furthermore, they showed that it is possible to obtain appropriate
wind field information for a control volume from above-canopy
wind measurements and profiles of plant area density. The
application of this approach to horizontal advection calculation
led to results that diverge from those of Feigenwinter et al. by
10–35%.

Finally, Sedlàk et al. (2010) refer to a measurement campaign
that was held, preliminary to the ADVEX campaigns, in 2004 at
Bily Kriz, Czech Republic. They studied nighttime airflow within
a deep and dense canopy on a 13◦ slope, near the top of a moun-
tain ridge. A decoupled two-layer canopy flow structure was
found to develop at night, above-canopy flow being upslope and
lower-canopy flow mostly downslope. They develop a simplified
model that gives realistic values of the major driving terms for
Bily Kriz.

Many issues related to advection turned out to be extremely
complex. The present special issue allows to the conclusion in
Feigenwinter et al. (2008) that “some topics may be investigated
in a more general way using data from all the three sites, while
some characteristics of advection are highly site specific.” The
articles address a broad range of scientific questions to improve
understanding the biomicrometeorological mechanisms of advec-
tive processes in forests.

Though there are some promising results about considering
measured advective fluxes for the total ecosystem CO2 budget (e.g.
Yi et al., 2008), we have to conclude that direct measurements of
the advective fluxes do not fulfil the expectation for a general solu-
tion of the nighttime flux problem, as stated in the first article
of Aubinet et al. (2010). As a main reason, we exhibit the inco-
herency of the advective fluxes, and of FHA in particular, with the
biotic fluxes. It remains to be clarified what the measured fluxes
are representative for. Nevertheless, ADVEX revealed many new
insights into transport mechanisms of CO2 inside forest canopies.
The results finally confirm that advection is a scale overlapping
process and not restricted to calm and stable nights. Another sur-
prising result was that even sites featuring nearly ideal conditions
for the application of the EC technique were affected by advection,
as shown by Feigenwinter et al. (2008, 2010b) for the Norunda site.
It even seems that advection reveals more consistent patterns in
so-called complex terrain where the prevailing flow regimes are
influenced to an important part by the local topography. At last the
question about the sense and a possible design of new advection
field experiments arises. Considering the big effort in infrastruc-
ture, manpower and time consumption, a cost-benefit analysis
would probably do poorly. A new experiment should cover a better
resolution in the small scale in the control volume between tow-
ers as well as in the mesoscale outside the control volume, which
would imply the inclusion of ground based and/or airborne remote
sensing techniques like SODAR, RASS, LIDAR and other sensors. If
the mass conservation approach will be applied, additional mea-
surements should be concentrated on the control volume external
surfaces. Whoever dares to invoke such a mega-experiment should

always be aware that an increasing measurement resolution does
not guarantee new findings by default in terms of the nighttime
flux problem.
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