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Summary
What is the role of the European continent in the global carbon cycle? More
precisely, what is the European carbon
budget? What is the amount of CO2
emitted and absorbed? How can we
reduce the uncertainties in our estimates of this budget at local, regional and
continental level? What mechanisms
control the CO2 exchange in the biosphere, and how are they affected by
changes in land use, management and
climate? Are the European efforts to
reduce CO2 emissions detectable in the
atmosphere?
Since January 2004, CarboEurope-IP,
a large European research project,
has mobilized more than 150 scientists
to solve these questions. About 100
measurement sites extending over all
European climate regions and major
ecosystem types will allow to determine their respective contributions to the
European carbon budget. In parallel,
airborne and ground-based measurements of atmospheric trace gas
concentrations establish an independent veriﬁcation of these estimates.
This network of intensive observations
will be integrated in novel models of the
biosphere and the earth system as a
whole in order to assess and predict the
fate of the terrestrial biosphere. With a
budget of more than 30 million Euro, of
which 16 million Euro is support from
the European Commission, the project
engages 61 core institutes plus about
30 associated partners over a period of
ﬁve years. CarboEurope-IP is presently
the world´s largest scientiﬁc project to
address the carbon cycle.
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„Our knowledge of the structure and
functioning of terrestrial ecosystems
is not developed to a sufﬁcient degree
to understand – much less predict
– the consequences of climate change
either on the systems themselves or on
subsequent atmospheric interactions.“
(IGBP 1991)

The Challenge
The global climate experiment

Two families of unknowns

The present concentration of carbon
dioxide (CO2) in the atmosphere is higher now than that of the past 420,000
years, possibly even 20 million years,
and it continues to rise (Figure 1)1.
Its primary causes are human activities, mainly fossil fuel combustion and
deforestation. Climate change is the
largest uncontrolled human experiment
in history and despite initial evidence
of adverse effects Humanity is far from
curbing the trends or even halting the
experiment.

Why is it so difﬁcult to predict the
climate over the next century? The ﬁrst
big unknown is the development of
human societies, of world population,
lifestyles, dependency on fossil energy,
and climate change abatement policies.
Secondly, before we can come closer
to understanding its complex reactions,
the natural carbon cycle, the exchange
of CO2 between the atmosphere, biosphere, hydrosphere and lithosphere,
still holds a lot of unresolved scientiﬁc
questions. We are focusing on the
latter challenge. While there will always
remain open questions, our main undertaking is to reduce the uncertainties.
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Figure 1

Biospheric slow-down of climate
change
To what extent will the Earth be able to
soak up the carbon excess that Man
injects into the atmosphere? Globally,
the atmosphere only accumulates about
40% of CO2 emitted by the human
activities: nature „absorbs“ the rest in
the oceans and the vegetation. These
natural carbon sinks mitigate (or delay)
considerably the negative effects of the
human disturbances. Are there limits to
the absorptive capacity, what causes
the annual ﬂuctuations, and how especially will the sinks evolve over time?
What are the ultimate mechanisms
that drive the considerable interannual
variability of the global sink strength?
(Figure 2).
Measurements suggest a substantial carbon sink on land north of the
Tropics. Yet the exact magnitude of this
carbon sink, its distribution between
Europe, North America, and Asia, and
its controlling mechanisms are insufﬁciently understood. Establishing the
full carbon budget of a continent with
acceptable accuracy and precision
constitutes one of the major present
scientiﬁc challenges.
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1IPCC 2001, “Climate Change 2001: The Scientiﬁc Basis. IPCC Third Assessment Report”. http://www.ipcc.ch/.
Figure 1 Anthropogenic emissions have moved atmospheric CO2 concentrations far out of their narrow stable band
in the last half million of years (Petit et al. (1999) Nature 399: 429-436)
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Mitigation and adaptation

The terrestrial biosphere stores three
to ﬁve times as much carbon as the
atmosphere. Therefore, small changes in biospheric carbon ﬂows can
signiﬁcantly alter atmospheric CO2
concentration. The present net carbon
sink in the biosphere is the result of
a delicate balance between carbon
uptake in vegetation and release via
plant respiration and the decomposition of organic matter. The current net
uptake of carbon (C) in the biosphere
originates from stimulated productivity
and large areas of forest and woodland
in the build-up phase and C accumulation in soils. However, this biospheric
carbon sink cannot be taken for granted
as the biosphere, climate and human
interference are closely interconnected
through feedback mechanisms and
disturbances, which may in the future
cause some surprises. Furthermore,
the biosphere loses carbon much faster
than it accumulates carbon (dilemma of
slow-in, fast-out). A thorough understanding of these feedbacks and underlying
mechanisms is required in order to
assess the actual risks to lose carbon
and to protect vulnerable pools.

The climate system responds to changes in greenhouse gas levels with a
time lag, in part because of the oceans‘
thermal inertia. Past and present
emissions already lead to at least some
climate change in the 21st century.
Therefore, while controlling emissions is
vital, it must be combined with efforts to
minimize damage through adaptation.
This is particularly true for any land use
activities. In this respect, the biosphere
has multiple functions ranging from
the substitution of energy-intensive
materials, provision of bioenergy, conservation of carbon in pools with long
residence times, and sequestration of
CO2 from the atmosphere.
Political context
Several governments of industrial
countries have committed themselves
under the Kyoto Protocol to reduce
greenhouse gas emissions. For example, the European Union will reduce its
emissions by 8% below the 1990 level.
The Kyoto Protocol allows to include
the management of carbon in forests,
croplands and grazing lands in the mitigation measures. The methodologies
for reporting these biospheric activities
are particularly complex. The large
uncertainties and possible undesired
side-effects of measures call for improved monitoring and an independent
scientiﬁc check of the estimates in order
to build conﬁdence on the efﬁciency of
mitigation measures in the biosphere.

The Challenge
Surmounting the disciplinary
borders
We face a new intellectual difﬁculty
in the history of sciences. Up until
the Renaissance, the great scientists
such as Leonardo da Vinci could still
approach all ﬁelds of human knowledge - arts, philosophy, mathematics,
biology, chemistry, physics, history
etc. However, with the acceleration
of scientiﬁc progress during the last
two centuries, the organization of the
knowledge in disciplines has become
increasingly specialized. We cannot
understand the earth system as a whole
through the only prism of the disciplinary boundaries. We must continue to
artiﬁcially isolate certain elements and
progress to study them, but in parallel
it is also necessary for us to connect
the elements and then to try to understand their exchanges and feedbacks.
Climate change also concerns the
interaction between human societies
and the whole earth system: we need to
integrate the various disciplines of earth
sciences, but also the social sciences.
It is a true revolution, which turns our
patterns of thought upside down and
obliges us to re-examine our systems of
formation.

Figure 2 The global carbon cycle
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Figure 3

Vision and Mission
Our Vision

Our Mission

Our long-term goal is the comprehensive, predictive understanding of the
earth system with its non-linearities and
feedbacks at global, regional and local
level. The complex interactions between human activities, terrestrial biosphere, ocean and atmosphere pose the
main challenges along this path, a path
which could lead to wiser management
of elements of the global carbon cycle.
Our mid-term goal is to introduce an advanced analytical tool to systematically
monitor the carbon ﬂows on earth. We
envisage a carbon nowcasting system
– similar to weather forecast – with
integrated measurements and models
that will provide guidance for carbon
management in an operational mode.
Key elements of this system are:
• Intercalibrated, harmonized, operational measurements in atmosphere and
biosphere
• Remote sensing data of biophysical
parameters and CO2 in atmosphere
columns
• Online data transmission and routine
data processing and quality control
• Central data archive or data interface
• Mechanistic earth system models
including the effects of management
• Models assimilating the data in online
mode (i.e., use incoming data directly
to correct model output)

CarboEurope-IP takes on the challenge
to contribute to a better understanding and quantiﬁcation of the carbon
budget in the European biosphere and
to solving the global puzzle. European
researchers have pioneered the use
of an integrated approach to quantify
and understand the current carbon
budget of the European continent and
its driving forces. In the year 2000 they
started to carry out carbon observations
of a different nature, namely of ecosystem ﬂuxes and pools, remotely sensed
parameters, and atmospheric trace gas
concentrations. Based on the experience of CarboEurope related projects in
the past, strategically targeted process
studies at ecosystem and at regional level and advanced computer models will
be used to assess the carbon balance
of Europe. This will provide a coherent
framework of analysis for the future. A
large multidisciplinary project is necessary to carry out this task as it has to
deal with different processes and a large heterogeneity of ecosystems within
Europe that need to be studied by a variety of complementary approaches. We
cover time scales ranging from seconds
to decades and spatial scales ranging
from 0.1 m² to a continent. Consistent
planning, development and application
of new observation systems, development of innovative data assimilation
schemes, as well designed integration
schemes effort of data acquisition and
modelling are the key requirements of
such an effort.

We share this vision with major global
initiatives for systematic observations
(IGCO) and analysis of human – biosphere interactions (GCP).
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We also understand our mission to gain
knowledge in order to enhance the European citizens´ capabilities of understanding, adapation to and mitigation
of climate change and the conservation
and sustainable management of our
precious, vulnerable biosphere.

Figure 3 CO2 ﬂux anomaly during the 1997/1998 El Niño event, as estimated from atmospheric CO2 measurements
by an inversion of atmospheric transport (Rödenbeck et al. (2003) Atmos. Chem. Phys. 3: 1919-1964).

Objectives
Key Questions
”The European Carbon Balance”
What is the carbon balance of the European continent and its geographical
pattern, and how does it change over
time?
”Processes and Modelling”
What are the controlling mechanisms
of carbon cycling in European ecosystems? How do external parameters
such as climate change and variability,
and changing land management affect
the European carbon balance?
”Detection of emission reduction under
the Kyoto Protocol”
Can the effective CO2 reduction in the
atmosphere be detected in response
to the reduction of fossil fuel emissions
and enhanced carbon sequestration
on land in the context of the climate
commitments of Europe?
Overarching Aim
To understand and quantify the present
terrestrial carbon balance of Europe
and the associated uncertainty at local,
regional and continental scale.
Objectives
1. ”The European Carbon Balance”
How does carbon move within and
between the many natural and human
pools on the European continent? What
is the net carbon balance of Europe,
how does it vary in space and evolve
over time? Where are the important carbon stocks, what is their residence time
and variability?

Europe is far from being a homogeneous surface. Population is distributed
very irregularly, and there are many
climatic and geographic sub-regions.
With regard to CO2 ﬂuxes, Europe is
a real mosaique of sinks and sources
varying with season, meteorological
conditions, land use, management etc.
We will determine this mosaic and its
evolution in time from local to continental scale with unprecedented accuracy
and precision.
2. ”Processes and Modelling”
What are the mechanisms controlling
the carbon cycle in European ecosystems, and thus determining the mosaic
patterns of carbon ﬂuxes? How do
the human disturbances - in particular climatic change, land use change
- inﬂuence these mechanisms and
thus the European carbon budget? For
example, are the increases in growth
rates noted in certain forests (up to 40%
of more in 50 years old forests) due
to the increase in atmospheric CO2?
CarboEurope will provide new answers
to these questions at local, regional and
continental levels, for each large system compartment: vegetation (forests,
meadows, wetlands, cultivated ﬁelds),
soils, atmosphere etc. We will seek in
particular to understand the partitioning of CO2 ﬂuxes between the three
fundamental causes of ﬂux: „breathing“
of the biosphere by decomposition of
organic material, harvest and ﬁres, assimilation by the plants, and combustion
of fossil fuels; and the way in which this
partitioning evolves in time, space, and
according to human activities. Under-

standing goes beyond description, it
is to discover the mathematical laws
behind all these mechanisms.
3. ”Detection of emission reduction
under the Kyoto Protocol”
Our third objective is to provide the
EU with the scientiﬁc instruments
necessary to monitor and verify the
commitments adopted under the Kyoto
Protocol. To fulﬁll its commitments for
emissions reductions, the EU can take
measures to reduce the emissions at
the source (by implementing policies
supporting public transport, clean
industries, renewable energies etc.)
and to increase the natural sequestration of carbon (in particular by the
management of existing forests and
new plantations). Will we then be able
to objectively measure the induced
reduction of atmospheric CO2 concentration over Europe? How can we
effectively ensure that the objective
to reduce emissions will indeed have
been achieved, and that the measures
taken for this purpose have really been
effective? CarboEurope will provide
the EU with an observation system to
detect the changes in carbon stocks
and ﬂuxes. Moreover, in anticipation
of the negotiations for the following
commitment period envisaged by the
protocol (2013-2018), we will create the
basis for a precise accounting system
for carbon stocks and ﬂuxes in all EU
Member States.

5

Our Approach
Observations - Europe under
medical supervision!
The objective is simple: to collect the
best available information on the greatest possible number of parameters, as
often as possible, in the feasible maximum of places, to generate a general
image of the situation of the European
biosphere and climate as honestly as
possible. In short, we aim to answer
the questions „what, when and where“
relating to the European carbon cycle.
The types of observations are very
diverse:
• A network of a hundred sites equipped
with a ﬂux tower measuring the net
quantity of CO2 emitted or absorbed
by a few hectares to 1 km² of a forest,
a cultivated ﬁeld, a natural meadow,
carbon stocks and important meteorological and ecophysiological parameters. The network covers the principal
types of ecosystems and climates
present in Europe.
• Measurements of trace gas concentrations in the atmosphere by
- up to ten tall towers of up to 400 m
height, capable of seeing trace gas
ﬂuxes on a large area (about 500
km2) and to measure the trace gas
concentrations at various altitudes in
the lower atmosphere.
- a network of ground stations in remote areas (mountain tops, islands)
essential to help distinguish the natural CO2 background from the „noise“
generated by human activities
- six air bases where various scientiﬁc
planes accomplish scheduled ﬂights
to take air samples
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Experiments: to understand the
mechanisms
• An intensive regional campaign incorporating all instruments and technologies available to validate techniques
of observation on a regional scale with
the best possible degree of accuracy.
This planned campaign will take place
in Bordeaux, France in 2006.
• An army of computers and data
transmission networks to ensure the
standardization, quality control and
integration of the data, and modeling.
• Data relating to direct drivers of the
carbon cycle: Meteorological and
climate data, soil properties, land use,
land management.
• Remotely sensed data from satellites,
which cannot inform us directly about
CO2 ﬂuxes, but provide a great diversity of useful parameters (for example,
absorbed radiation by vegetation,
distribution of the vegetation...).
It is a kind of planetary „monitoring“,
similar to that of a hospital: we place
Europe under medical supervision to
control the evolution of all the useful parameters which we can measure. One
of the great advances in our approach
was to multiply the frequency and
optimize the distribution of the points of
measurements, to have an increasingly
clear image of the situation. We have
developed new observational platforms,
e.g. a new network of tall towers for
atmospheric measurements for the ﬂat
and interior parts of the European continent. We also encourage companies
to develop new instruments, which are
cheaper, easier to deploy, more robust,
precise and reliable.

Experiments seek to answer the
question: how does that occur and
why? For example: we measure the net
exchange of carbon between biosphere
and atmosphere a few metres above a
forest. Over a year, the forest will take
up a signiﬁcant amount of carbon. Where does the carbon go? In which pools,
e.g. stems, leaves, soil, is it stored, and
for how long? What determines the
net balance between carbon uptake
and release? How much is this balance disturbed by human management
and land use? To answer these types
of questions, it is necessary to make
assumptions and to try to test them
through ﬁeld experiments, comparing
various situations in order to draw
general conclusions. We have expanded our ecosystem network of test sites
to 100 stations across all climate and
vegetation zones of Europe. Half of the
stations will be operating for ﬁve years
or longer.
Although one manages to simulate relatively well the climate on the planetary
scale, it is precisely on a regional scale
(e.g. European subnational) that one
misses most information today. Therefore, we will perform a unique „regional
experiment“ in which we will apply
all state-of-the-art measurement and
modeling tools to determine the carbon
budget of a test year over a test region
(300 x 300 km²) at highest possible
space and time resolution.

Our Approach
Modeling - a mega game of
simulation

„Bottom-up“ and „top-down“
modeling

Models serve to travel in time, to test
many more situations and management
options than we will ever be able to
measure, and to extrapolate and generalize from the experimental points to
larger regions and new situations with
the help of additional parameters and
spatial information. However, a model
simulation gives tendencies, but never
certainties! Observations, experiments
and modeling are closely dependent:
one „permanently nourishes“ the
models with real data resulting from
the observations, and one permanently
reﬁnes the equations as a result of the
experiments. We also go beyond the
classical model validation and improvement. We are developing novel data
assimilation systems, in which the
models will be directly driven by the
observations and will „learn“ as new
data emerges – similar to the weather
forecast models.

The bottom-up method starts from
processes and carbon ﬂuxes known at
local measurement points and simulates a map of surface CO2 ﬂuxes by
extrapolation with the help of additional
spatial information, e.g. meteorology, surface cover etc. In the forward
mode, an atmospheric transport model
receives this detailed information, e.g.
about surface CO2 ﬂuxes, which is then
processed by the model, e.g. transported by prescribed wind ﬁelds. The
model is hence used to predict independent measurements. In the inverse
mode, the transport model starts with
the atmospheric measurements and
runs backwards through the wind ﬁelds
to reproduce the coarse regional source
and sink patterns. The results are used
to verify the bottom-up estimates at
regional level. Whilst both methods
have their strengths and weaknesses, a
combination reveals a picture which is
closest to reality. CarboEurope will use
both methods for the ﬁrst time simultaneously as multiple constraints to
produce weekly to monthly maps of the
European carbon balance of about 50 x
50 km² resolution.

European map of CO2 ﬂuxes
The multiple constraint approach combines all available sources of information to establish a full European CO2 ﬂux
map:
- Five years of measurements
1. Detailed local measurements of
ﬂuxes and processes deliver anchor
points with high information density
2. In contrast, the small gradients in
atmospheric concentration measurements provide the broad atmospheric signal of the continent, but limited
information about the origin of the
CO2
3. Satellite data will ﬁll the spatial gaps
with dense local proxy information
about biophysical parameters from
which CO2 ﬂuxes can be derived
- Five years of advanced biogeochemical modeling
1. model development
2. calculations, error assessment
- Finally, nice maps of European CO2
ﬂuxes!
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Our Approach
Integration – the key word of
CarboEurope
Integrating a multitude of methods and
sites of observation
In order to get a clearer view of the
European carbon balance and its
underlying mechanisms, all observations, experiments, data processing and
modeling activities are performed in
good co-ordination.
All these activities will enable us „to
see“ the carbon cycle in the clearest
possible way on the scale of the European continent and its main regions.
One of our major challenges is to
preserve the „focus“ whilst broadening
the scales!
The larger it is, the fuzzier it becomes...
The dilemma is simple: the smaller the
landscape element under investigation,
the more one understands processes,
their drivers and the various elements
of the carbon cycle, but what one sees
is less representative; - At the other
end, the larger the area addressed, the
more one sees the full picture, but the
fuzzier it becomes! Our great endeavour is thus to see more and more details on increasingly large scales inside
the European continent. At present, we
have a relatively precise knowledge of
the local situation in some places where
detailed measurements are performed,
and of certain parameters on a planetary scale (for example, total increase
in the atmospheric CO2 concentration).
The real challenge is between the two,
on regional scales (for example Thuringia) or on a continental scale (Europe). As one cannot cover the whole
of Europe with in situ measurements,

extrapolation by smart methodological
means is the key: starting from point
observation to deduce what occurs in
space and time on a large scale with
minimum error. And the trick - i.e. the
methodological bet of CarboEurope
- is to integrate the greatest possible
diversity of methods of investigation:
by synergy from multiple data sources,
measurement methodologies, harmonization and standardization of information, we will gradually improve the
estimates. It is what we call a „multiple
constraint“ approach.

worked little together.
3) the integration of „forward“ methodologies (bottom-up) and „inverse“
modeling (top-down), and their link with
observations. This stage of integration
is the ultimate goal of our activities,
then our answer to the regional carbon
balance of Europe will ﬁnally turn up on
the screen of a computer.

The more one integrates, the clearer
one sees
This strategy of maximum integration
confronts us with three great scientiﬁc
challenges:
1) the integration of the scales: measurements and observations are made
from the smallest scale (for example
a leaf) to the continental scale. By associating instruments which „see“ many
things on a small scale (for example a
ﬂux tower) with others which see less
details and other elements on a large
scale (for example of the tall towers,
aircraft or satellites), one can combine
their respective information and thus
extrapolate with more conﬁdence.
2) An interdisciplinary network of sites
measuring ecosystems, their elements
and the atmosphere across all European climate zones, from the Mediterranean to the Arctic circle. This brings
scientiﬁc communities closer together,
such as ecosystem or atmosphere
specialists, who up until now may have

Figure 4 Logic of the ﬂow of data and knowledge in the multiple constraint approach of CarboEurope-IP
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The Roots of CarboEurope
CarboEurope followed upon a suite of European projects carried out since 1996
on various aspects of the carbon cycle. 15 of these European projects have formed the „CarboEurope Cluster“ launched in 2000. These projects developed the
principal observation networks on which research is based today, and in particular
the methodologies for atmospheric observations and the ﬂux towers at ecosystem
level. These observational networks form to some extent the skeleton of CarboEurope research, the basis for a co-ordinated system of observations, to improve our
capability to quantify and understand the European carbon budget.

Project structure
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Component 1.
Ecosystem carbon budgets and driving forces
(„Ecosystem“)
Mission

Methodology

The Ecosystem Component of
CarboEurope-IP will provide the carbon
balance of major European landscape elements, reﬂecting their diversity,
the interannual variability driven by
climate and other factors, the ﬂows of
carbon between different ecosystem
pools (biomass and soils), their exchanges with the atmosphere, and the
magnitude of ecosystem pools themselves, and the controlling biogeochemical
processes as a basis for bottom-up assessments of the European carbon
balance.
The ﬂux data will be veriﬁed and
supported by ecosystem level data of
carbon stock changes in biomass and
soil, which also allow estimates of the
permanence of carbon sinks. The collective data will also provide the basis
for parameterization of models for upscaling of carbon ﬂuxes to the regional
and continental scale as well as data
synthesis and modelling of the effects
of driving forces on the Carbon Cycle
such as land management, disturbance
by harvest, etc. which are not yet
included in larger scale biogeochemical
models.

The methodologies of the Ecosystem
Component will address:
• The overall ecosystem net carbon
ﬂux, its interannual and seasonal
patterns and its partition into photosynthesis and ecosystem respiratory
ﬂuxes.
• The growth and turnover of biomass
(including litterfall) and the effects of
management (e.g. harvest) on forests,
grasslands and crops.
• The pool size and changes of soil
carbon, and the associated ﬂuxes
(soil respiration) related to land use
and land management.
• Ecological parameters and auxiliary
information to interpret the results.
Harmonized measurement protocols
will be applied. One research activity
is devoted to resolve methodological
problems, and to assure quality control
and cross calibration between sites of
the ﬂux network.
In the present IP the ﬂux network
consists of 51 Main Sites (minimum
of 5 years data coverage, including 12
intensive veriﬁcation sites with detailed
measurements of soil carbon stocks
and turnover) and up to 50 Associated
Sites (minimum of 1 year of ﬂux data).
The distribution of study sites covers
reasonably well the distribution of
ecosystems by area and by estimated
Net Biome Productivity (NBP1; Figure
6). In addition there will be roving eddy
covariance systems which will quantify the effects of land management in
forests, grassland and crops.
The Ecosystem Component will develop and apply a range of advanced
ecosystem process based models,
1I. A.
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based on studies carried out during FP5
(e.g. the NUCOM model, Biome BGC,
and others). These reasonably realistic
parameter rich models, will be used to
supply key parameters and to improve
the larger scale models which will be
applied at the scale of the continent in
the Continental Integration Component.
Key Partners
Component Leader:
Riccardo Valentini,
Di.S.A.F.Ri. - Università della Tuscia,
Viterbo, Italy
Activity Leaders:
• Marc Aubinet,
Faculté universitaire des Sciences
Agronomiques de Gembloux, Belgium
• Ernst-Detlef Schulze,
Max-Planck-Institute for Biogeochemistry, Jena, Germany
• John Grace,
School of GeoSciences, University of
Edinburgh, UK
• Pete Smith,
School of Biological Sciences,
University of Aberdeen, UK
• Jean-Francois Soussana, INRA
Clermont-Ferrand, France

Janssens et al., Science 300, 1538 (June 6, 2003)
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Figure 6 Representation of forest, grassland and cropland by the tower sites, and the contribution of forest,
grassland, cropland and peatland to the European (EU-15) land cover and Net Biome productivity, NBP
Figure 7 Geographical distribution of ecosystem sites
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Component 2.
Continental Atmospheric Observation System
(„Atmosphere“)
Mission
The Atmosphere Component of CarboEurope-IP will establish and operate the
Atmospheric Observation System
needed to measure in a top-down approach the average European carbon
balance and its regional distribution at
a typical spatial scale of 100 km with a
temporal resolution of one week. The
measurements at continental scale provide the boundary conditions for both
the regional experiment (Component 3)
and the integration efforts (Component
4). More speciﬁcally, the atmospheric
CO2 and auxiliary tracers distribution
delivered by the Atmospheric Observation System will serve to quantify the
European carbon ﬂuxes using different
atmospheric transport models in an
inverse mode.
Methodology
Our strategy is to enhance the Atmospheric Observation System over
Europe by adding key stations over
undersampled areas, by combining
different atmospheric networks into
complementary activities and by adding continuous measurements on
tall towers as an additional scaling
instrument. We will also be relying
strongly on the existing infrastructure in
place funded through national and former EU efforts. We intend to extend the
atmospheric network spatial coverage
over Southern and Western Europe by
adding new continuous monitoring stations, increasing the frequency of vertical
proﬁles sampling through the Planetary
Boundary Layer and aloft, and ﬁnally
by optimizing the atmospheric data
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selection, using in situ meteorological
data and other tracers such as 222Rn,
to extract from continuous CO2 time
series representative measurements of
regional sources and sinks activity. Novel in our strategy is the incorporation
of CO2 concentration measurements at
the ecosystem ﬂux tower sites to complement the atmospheric monitoring
at free tropospheric sites, tall towers,
and aircraft. This provides a strong link
between the ecological and continental
scale observations.
We will attribute the European CO2
gradients within the atmosphere to
different components of the ﬂuxes: oceanic, terrestrial and fossil, based on the
analysis of multiple species in ﬂask air
samples and at some in situ sites. We
will use a unique technique to assess
the fossil fuel CO2 component, whereby European laboratories will have a
strong leadership, that is high precision
measurements of 14CO2, 222Rn and
CO. This approach will provide fossil
fuel CO2 mixing ratio determinations
determinations with a rate of 20% accuracy in moderately polluted areas and
respective emissions estimates with an
uncertainty of 25-35%.
We expect that the synergetic use
of atmospheric measurements and
inverse models in CarboEurope-IP will
enable us to downscale carbon ﬂuxes
using atmospheric measurements at
the sub-continental level within Europe (e.g. Eastern European countries,
Mediterranean area) and to the level
of smaller regions with a typical size
of 1000 km over the best sampled
areas within north-western Europe (e.g.

France, Germany, Benelux countries).
Uncertainties in ﬂux estimates will be
assessed by using a suite of different
atmospheric transport models, based
on different data selection procedures
established for each site. Overall, we
expect a 20% uncertainty in European
carbon balance, that is about ± 200 Tg
C yr-1. We expect a monthly uncertainty
of 30% for regional ﬂuxes in the best
sampled Western European regions.
This uncertainty can be further reduced
by applying the integrated approach of
Component 4 (Continental Integration).
Key Partners
Component Leader:
Philippe Ciais,
LSCE-CEA, Gif-sur-Yvette, France
Activity Leaders:
• Martina Schmidt, Leo Rivier, Michel
Ramonet,
LSCE-CEA, Gif-sur-Yvette, France
• Alex Vermeulen,
ECN, Petten, The Netherlands
• Markus Leuenberger,
Physics Institute, University of Bern,
Switzerland
• Andrew Manning,
Max-Planck-Institute for Biogeochemistry, Jena, Germany
• Ingeborg Levin,
Institut für Umweltphysik, Universität
Heidelberg, Germany
• Bart Kruijt,
Alterra, Wageningen, The Netherlands

Component 2
Figure 8

Figure 8 Geographical distribution of atmospheric observation sites
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Component 3.
Regional carbon budget and its driving forces
(„Regional Experiment“)
Mission

Methodology

The aim of the CarboEurope-IP Regional Experiment is to reduce uncertainties in scaling. It will produce aggregated regional estimates of ground
based data which can be meaningfully compared to that of the smallest
downscaled information of atmospheric
measurements and continental scale
inversion results.
The Regional Experiment Component provides a direct link between the
ecology and continental scale measurements and models. Continental scale
models provide the important boundary
conditions for the regional carbon
balance. Upscaling of the ﬂux towers
is performed with forward meso-scale
models and calibrated biogeochemical
models for the long term (20 yrs). For
the regional scale we will use inverse
model techniques similar to those developed for the continental scale, thus
establishing a clear methodological link
with the larger scale inverse modelling
estimates. This level of integration and
co-ordination is typical of our comprehensive experimental strategy, comprising repetition of experimental and modelling design at the three main spatial
scales: local, regional and continental.
The regional experiment will test and
provide aggregation algorithms which
will be used in the upscaling efforts
over larger regions in the Continental
Integration Component.
Key objective is to determine the spatially explicit regional balance of CO2
over an area (300*300 km) in South
West France at a typical model grid
resolution of 2 km every day during
a full year.

The central methodology of the experiment is to make both concentration
measurements within and above the
boundary layer and to couple those via
a modelling/data assimilation framework to the ﬂux measurements at the
surface and within the boundary layer.
We will apply the multiple constraint
method for the ﬁrst time in a regional
experiment.
The advent of small specialized aircraft
over the past decade, measuring
ﬂuxes at a resolution of 1 to 2 km with
comparable accuracy to tower-based
measurements of ﬂuxes, has greatly
increased the possibilities to provide accurate estimates of spatial heterogeneity. Atmospheric mesoscale models are
now also powerful tools which may be
used to study regional CO2 exchange
at adequate resolution. The boundary
conditions for the models will be derived
from atmospheric coarser scale models.
A prime requirement to successfully use
high resolution meso scale models for
inversion of CO2 sources and sinks is
the existence of accurate a priori ﬂux
distribution, i.e. high resolution spatially and temporally distributed maps of
fossil fuel sources. Realistic mapping of
the biospheric ﬂuxes relies on information of land cover, surface biophysical
parameters (leaf area index, albedo)
obtained from remote sensing.
In addition, we will also use high resolution ﬂux modelling. The atmospheric
mesoscale transport models are ﬁtted
with land surface packages (SVAT) and
are excellent tools which act as a host
platform for data assimilation of ﬁeld
and model data.
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In order to separate the anthropogenic
sources of CO2 in the target region, we
will continuously collect high precision
samples of radiocarbon (14CO2) which
can unambiguously trace fossil fuel
emissions. Based on the Atmosphere
Component results that will deliver a
”calibration” of CO versus 14CO2, we will
where possible, use CO as a tracer to
eliminate the inﬂuence of anthropogenic
CO2 advected into the area.
We will prove the concept in 2004 with
a re-assessment of earlier test campaigns, we will have an intensive test
campaign in 2005 to study the effect
of heterogeneity and plan a one-year
experiment. We will have a one-year,
strategically focused high intensity
experimental campaign (Extended
Observation Period, EOP) in 2006. The
last two years are for integration of data
and results.
The area chosen for this experiment
is in South West France and includes
the ”Les Landes” forest, the city of
Bordeaux and a large agricultural area
to the East. The area for the regional
experiment is shown in Figure 9. The
area is chosen because of the good
contrast of atmospheric scalar concentrations between sea and land, several
large areas of homogeneous land cover
and existing high-resolution databases
and extensive modelling experience
of CNRM (Météo-France) in Toulouse.
This allows for development of methodologies for regional carbon monitoring
in a relatively simple, well-deﬁned area
with excellent data coverage.

Component 3
Key Partners
Component Leader:
Han Dolman,
Vrije Universiteit Amsterdam, The
Netherlands

Figure 9

Activity Leaders:
• Joel Noilhan,
Meteo-France / CNRM, Toulouse,
France
• Franco Miglietta,
IBIMET – CNR, Firenze, Italy
• Christoph Gerbig,
Max-Planck-Institute for Biogeochemistry, Jena, Germany

Proposed area for the Regional Experiment

Bordeaux

Area of the
HAPEX-Mobilhy
experiment

arable land
arable land
pastures
arable land

coniferous forest
broad-leaved forest
urban area

Figure 9 Land cover map of the area for the Regional Experiment of CarboEurope-IP derived from
SPOT4/VEGETATIO at 1 km resolution and the Area of the HAPEX Mobilhy experiment.
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Component 4.
Integration of Scales and Carbon Data
Assimilation Methods
(”Continental Scale Integration”)
Mission
To assess the present European
carbon balance, its component processes and its variability on a continuum of
spatial scales going from local (10 km)
to continental (5000 km), by combining
the data streams of ﬂux measurements,
concentration measurements, forest
and soil carbon inventories and merge
them with additional information from
remote sensing, process understanding
and modelling into a continental Carbon
Data Assimilation System (CDAS).
The Continental Integration Component
merges the various data streams into
a comprehensive assessment of the
European carbon balance.
Methodology
The primary data streams generated
in CarboEurope cover very different
spatio-temporal domains. These different scales of the observational data
streams need to be bridged by means
of a numerical modelling framework.
Remote sensing data, which cover the
scales from the individual plot to the entire continent over a period of weeks to
several years, does not directly record
the carbon balance, but only certain
features of the vegetation, such as the
fraction of absorbed photosynthetically
active radiation, albedo and, with limitations, aboveground biomass. Remote
sensing information can however be
used to drive numerical models and
thus help bridge the scales between the
different observational data streams.
Using this approach, several independent bottom-up and top-down methods
will be applied and compared with
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each other for consistency and ﬁnally
merged into a European scale Carbon
Data Assimilation System to determine
the European carbon balance over the
past and present decade. To enable us
to cover the past, present and future
evolution of the European carbon balance over a longer time scale (100-200
years), requires however, the use of
prognostic numerical terrestrial ecosystem models, which have to be tested
against the rich observation data sets
compiled in CarboEurope.
The common denominator spatial scale
will be the ”Eurogrid”, i.e. a spatial scale with grid elements of about 50 km,
on which the European carbon balance
can be estimated independently by the
different methods. This is a grid size
that an atmospheric mesoscale model,
covering the whole continent and nested in a global weather/climate model,
can handle without taking recourse to
sophisticated downscaling techniques.
Terrestrial ecosystem carbon models
(TEMs) developed for this grid resolution (E.g. LPJ, ORCHIDEE, BETHY,
Biome-BGC, Trifﬁd, ED) can all be
coupled relatively straightforward with
the land-surface model of an atmospheric mesoscale model. On the other
hand, the Eurogrid is a grid size which
is also accessible by means of upscaling with site-speciﬁc models using
high-resolution georeferenced surface
characteristics from remote sensing and
statistical data (see Regional Experiment, Component 3) and information
from ﬂux sites.

In the top-down approach spatiotemporal variations of the atmospheric
CO2 concentration observed by the
Atmosphere Component of the CarboEurope-IP (Component 2) are used to
infer the net surface exchange ﬂuxes by
means of inverse atmospheric modelling. CO2 inverse modelling will be
complemented by multitracer analyses.
Thereby, measurements of atmospheric
O2/N2 and δ13C in CO2 ratios will help
to separate oceanic from terrestrial
contributions, while radiocarbon (14CO2)
and CO will independently constrain the
fossil emissions within Europe. Transport tracers such as SF6 and CFCs
measured at some stations and 222Rn
measured at all stations will be used to
check the performances of atmospheric transport models, and if necessary,
used to improve them. Although the
focus of the project is CO2, as an added
bonus, the sources of CH4 and N2O will
also be analyzed using the same inverse modelling method, which will provide
a better quantiﬁcation of the European
sources of these species.
The inversion modelling work will be
based on the methods established in
earlier projects. Several high-resolution
global models of atmospheric transport
based on the observed meteorology
from weather forecast models, or nested limited area mesoscale atmospheric
circulation models will be used to model
the atmospheric transport: LMDZ,
REMO, DEHM, TM3/5, MM5, RAMS.
The problem of atmospheric inversions
being mathematically underdetermined is addressed using a Bayesian
approach by means of careful inclusion
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Bottom-up approaches proceed by
extrapolating surface in situ process
information (e.g. ecosystem functioning,
weather and climate, land use, etc.), net
ecosystem ﬂuxes observed at individual
ﬂux towers, or by extrapolating local or
county level carbon inventory data. In
the Continental Integration Component
we will use four types of bottom-up modelling approaches based on different
and complementary concepts:
• High-resolution process based
soil-vegetation-atmosphere transfer
models (SVAT) using detailed land
cover and land use information from
remote sensing and georeferenced
statistical data to scale up from the
footprint of individual ﬂux towers to
whole landscapes, and from there to
larger regions,
• Neural networks trained on in situ
observations of net carbon ﬂuxes at
the ﬂux towers, using remote sensing
and weather ﬁelds and georeferenced
statistical data for upscaling carbon
ﬂuxes and their variability over individual ecosystem types,
• Statistical extrapolation methods to
scale up soil and forest carbon inventory changes to whole ecosystems
and to the entire European terrestrial
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models via their SVAT component,
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tiling the continent or the entire
terrestrial biosphere of the Earth, and
encompassing long term scales such
as those involved in soil processes or
ecosystem dynamics.
As fossil fuel burning is the largest ﬂux
constituent of the European carbon
balance, the bottom up approach will
also include an enhanced mapping of
spatial and temporal patterns of fossil
fuel emissions and other anthropogenic key tracers (CO, SF6, CH4) at the
Eurogrid scale.

ﬂux estimates for deﬁned target areas
will be inter-compared and evaluated,
where possible, against independent
observations. This activity will be closely co-ordinated with the modelling activity in the Regional Experiment which
provides the high resolution test bed for
this. Additional target areas will be deﬁned in several of the major ecosystems
in Europe and selected on the basis of
data availability and existence of highresolution mesoscale model analyses.

Ultimately, the bottom-up and topdown approaches will be merged into
a Carbon Data Assimilation System
(CDAS). With this approach, land
surface – terrestrial ecosystem models
(LSM-TEM) run in a coupled mode in
an atmospheric high-resolution global
or nested limited area mesoscale model
(M-AGCM). With this system, data
streams of different quality, temporal
and spatial characteristics are merged
in an optimal way which is mathematically consistent with the dynamics that
govern the evolution of the system. This
approach is similar to the techniques
employed in numerical weather forecasting and builds on ongoing work in EU
projects.

Key Partners
Component Leader:
Martin Heimann,
Max-Planck-Institute for Biogeochemistry, Jena, Germany
Activity Leaders:
• Günther Seufert,
Joint Research Centre, Institute for
Environment and Sustainability, Climate Change Unit, Ispra, Italy
• Gert-Jan Nabuurs,
Alterra / EFI, Wageningen, The Netherlands
• Philippe Peylin,
LSCE-CEA, Gif-sur-Yvette, France
• Peter Cox,
Hadley Centre, MetOfﬁce, Exeter, UK

A major goal in the integration activity consists of rigorous, quantitative
consistency checks which will fully
address each of the inherent uncertainties of the different modelling and
extrapolation approaches. This will be
performed by a series of benchmarking
exercises in which modelled carbon

Figure 10 The time-space domain of observations in CarboEurope-IP
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First Findings:
The European carbon balance –
a delicate result of sinks and sources
Europe´s terrestrial biosphere
absorbs 7 to 11% of Europe´s
anthropogenic emissions1.
Estimates of the carbon balance of the
European terrestrial biosphere were
obtained by inverse atmospheric CO2
transport models (atmospheric signal)
and by aggregating stock changes in
terrestrial ecosystems. We corrected
the atmospheric signal to account for
non–carbon dioxide carbon transfers
that are not detected by the atmospheric models (non-CO2 gaseous compounds CO, CH4, and NMVOCs) and
for CO2 ﬂuxes bypassing the ecosystem
carbon stocks (intercontinental trade in
food and wood products). Similarly, we
corrected the aggregated land-based
estimate of carbon stock changes for
carbon accumulating in wood products,
which was omitted in the ecosystem
calculations. Although there remain
large uncertainties in both methods
and unexplained divergence in the
magnitude of the sink, the aggregated
European carbon budget reveals a net
carbon sink in the 1990s. With the use
of the corrected atmosphere- and landbased estimates as a dual constraint,
we estimate a net carbon sink between
135 and 205 teragrams per year in
Europe’s terrestrial biosphere, the equivalent of 7 to 11% of the 1995 anthropogenic carbon emissions of Europe.
This net carbon sink is the result of two
opposing large ﬂuxes in the European
biosphere.

Winners and losers in the European
carbon league2
Land use and management vary across
Europe. We summed estimates of the
carbon balance of forests, grasslands,
arable lands and peatlands to obtain
country-speciﬁc estimates of the terrestrial carbon balance during the 1990s.
Forests and grasslands were sinking
carbon consistently, whereas arable
soils were carbon sources in all European countries. Hence, countries dominated by arable lands had a tendency
to lose carbon from their terrestrial
ecosystems, whereas forest-dominated
countries tended to be sinking carbon.

In countries where peatlands are still
being drained or extracted, net carbon
balances were much lower than expected from land use. Net terrestrial carbon
ﬂuxes were typically small relative to
fossil fuel-related carbon emissions.
Only where fossil ﬂuxes were small
and net terrestrial ﬂuxes were large did
terrestrial carbon ﬂuxes matter.

Change in terrestrial C stock (g m-2 land area a-1)

Figure 11 Country-speciﬁc changes in terrestrial carbon stocks (sum of forests,
grassland, arable soils and peatlands) expressed per unit total land area (g m−2 land
area a−1; allows comparisons among countries of different sizes). Negative values
(red) indicate net losses, positive values (green) indicate net gains.

1Janssens
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2Janssens

et al. (2003) Science 300: 1538-1542
et al. (2004) Biogeosciences, in revision
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Carbon management in the
biosphere2
At the European and national scale,
the net carbon balance results from two
very large but opposing ﬂuxes in the
biosphere: Signiﬁcant carbon uptade
in forests, grassland soils and natural
peatlands are almost offset by carbon
losses from cropland and drained peat
soils and peat use. Thus, relatively
minor changes in either or both of these
large component ﬂuxes could strongly
affect the net total balance. Therefore
mitigation measures should include the
biosphere.
In the absence of carbon-oriented land
management, the current net carbon
balance is bound to decline soon.
Protecting it will require action at three
levels. Firstly, as carbon is lost more
rapidly than sequestered, the current
large reservoirs (wetlands and forests)
need extra protection. Secondly, altered
agricultural management practices to
turn arable soils into carbon sinks or at
least carbon-neutral. Finally, maintaining the current sink activity in the
forestry sector.

100

Net C balance (g m-2 land area a-1)
cropsource

peatsource

forestsink

grasssink

Figure 13 National estimates of the carbon balance of the four
main terrestrial ecosystems (negative is loss, positive is gain) and
the importance of the total terrestrial carbon balance relative to
the 1995 fossil fuel C emissions (negative is reduced emissions by
uptake, positive is enhanced emissions by losses).

Figure 12 This net carbon sink is the result of two opposing large ﬂuxes in the European biosphere.
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Core Partners
No. Partner institute, Country
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08
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17
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28
29
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30b
30c
33
34
35
36
37
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Max Planck Institute for Biogeochemistry, Germany
U. of Tuscia, Dept. of Forest Environment and Resources (DISAFRI), Italy
Free U. Amsterdam, Dept. Geo-Environmental Sciences, Netherlands
CEA, LSCE, Laboratory of Climate and Environmental Sciences, France
U. of Edinburgh, School of GeoSciences, United Kingdom
U. of Aberdeen, School of Biological Sciences, United Kingdom
INRA - National Institute of Agronomic Research, France
Faculty of Agronomic Sciences Gembloux (UPB), Belgium
Météo-France/CNRM, France
CNR, Institute of Biometeorology, Italy
Italian Air Force Meteorological Service, ISAC-CNR Monte Cimone, Italy
CNR-ISAFoM, Italy
ECN - Energy Research Center of the Netherlands, Dept. Air Quality, Netherlands
U. Heidelberg, Inst. für Umwelphysik, Germany
ALTERRA (Wageningen University and Research), Netherlands
EC-Joint Research Centre, IES, Italy
Joanneum Research, Austria
Hadley Centre / MetOfﬁce, United Kingdom
Potsdam Inst. for Climate Impact Research, Germany
Autonomous Province of Bolzano/Bozen South Tyrol - Forest Department, Italy
Centre of Alpine Ecology, Italy
Foundation CEAM, Spain
Centre of Ecology and Hydrology (CEH) – Wallingford, United Kingdom
Natural Environmental Research Council, CEH-Edinburgh, United Kingdom
National Centre of Scientiﬁc Research, DREAM CEFE CNRS, France
Forest Technology Centre of Catalunya, Laboratory of Plant Ecology and Forest Botany, Spain
Swiss Federal Research Station for Agroecology and Agriculture (FAL), Switzerland
Finnish Meteorological Institute, Air Quality Research, Finland
Acad. of Sciences of Czech Republic, Inst. of Landscape Ecology, Czech Republic
Superior Technical Institute, Portugal
Lund U., Dept. of Physical Geography and Ecosystems Analysis, Sweden
Risoe National Laboratory, Denmark
Swedish U. of Agricultural Sciences, Dept. of Ecology and Environmental Research (DEER), Sweden
Swedish U. of Agricultural Sciences, Dept. of Forest Soils, Sweden
Swedish U. of Agricultural Sciences, Dept. for Production Ecology, Sweden
SRON National Institute for Space Research, IMAU, Netherlands
Second U. of Napoli, Dept. of Environmental Science, Italy
Trinity College Dublin, Ireland
TU Dresden, IHM-Meteorology, Germany
TU Munich Dept. of Soil Science, Germany
U. of Antwerp (UIA), Dept. Biology, Belgium

20

Core Partners
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39a
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U. Bayreuth, Chair of Micrometeorology, Germany
U. Bayreuth, Chair of Plant Ecology, Germany
U. College of Cork, Ireland
Szent István U. of Gödöllö, Hungary
U. of Helsinki, Dept. of Physical Sciences, Finland
TU Lisboa, Superior Inst. of Agronomy, Portugal
U. of Poznan, Poland
CNRS - U. of South Paris, Systematic Ecology and Evolution Unit, France
Wageningen U., Nature Conservation and plant Ecology, Netherlands
Martin-Luther-U. Halle-Wittenberg, Inst. of Soil Science and Plant Nutrition, Germany
U. de Liège – LPAP, Belgium
CESI Business Unit – Environment, Italy
Center for Isotope Research (CIO); Rijks-U. Groningen, Netherlands
Eötvös Loránd University, Dept. of Meteorology, Hungary
ENEA, Global and Mediterranean Environment Division, Italy
Stockholm U., Dept. of Meteorology, Arrhenius Lab., Sweden
U. of Barcelona, Climate Research Group, Spain
U. Bern, Physics Institute, Climate and Environmental Physics, Switzerland
U. of Mining and Metallurgy, Faculty of Physics and Nuclear Techniques, Poland
U. Stuttgart, Institute of Energy Economics and the Rational Use of Energy, Germany
European Forest Institute, Finland
National Environmental Research Institute, Department of Atmospheric Environment, Denmark
Thuringia State Forest Research Station, Germany
International educational projects, France
U. Copenhagen, Inst. of Geography, Denmark
University of Aveiro, Departamento de Ambiente e Ordenamento, Portugal

About 30 other instiutes are associated partners to the project.
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Education, Training, Innovation, Outreach
Educational training at the
secondary school level
Leader: Philippe Saugier, Verviers,
France
An experimental training activity have
been designed by a specialized small
enterprise for secondary schools in
Europe in a perspective of researcheducation liaison. This consist of:
• Production of innovative interactive
educational resources explaining
global carbon research stakes, their
links with our daily lives and the way
European research deals with them;
• Mobilization of a number of relays with
high multiplying effect in order to make
many young people in Europe beneﬁciaries from these resources;
• Small research projects designed to
encourage and support direct contact
between secondary school students
and CarboEurope scientists.
Summer schools
Leader: Franco Miglietta, CNR-IBIMET,
Firenze, Italy
Summer Schools will consider biological process understanding, measurement methods and modelling skills
relevant to the key research questions
of CarboEurope-IP. The courses will
attract a signiﬁcant number of young
scientists from Member and Associated
States who will have the possibility to
acquire knowledge and direct expertize
in those areas of research and raise
interest in environmental research. The
courses will be organized by Institutions
participating in the project and will all
involve both theoretical lectures and
ﬁeld exercises.
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Demonstration Activity: Veriﬁcation
of carbon stock changes according
to the Kyoto Protocol
Leader: Thuringian State Forestry
Agency (Thüringer Landesanstalt für
Wald, Jagd und Fischerei), Gotha,
Germany
A state forestry agency is involved in
the project in order to demonstrate the
feasibility of identifying human-induced
carbon stock changes at the state forest
level. This is the ﬁrst step towards carbon trading under the Kyoto Protocol,
in the event of biospheric carbon ﬂuxes
being admitted under the trading scheme. The demonstration activity will also
provide a clearer view on the potential
role which the forestry sector could
adopt at regional level for adaptation to
and mitigation of climate change.
Innovation Activity: Stimulation of
scientiﬁc and technological innovation and exploitation of results
Leader: John Grace, University of Edinburgh, School of GeoSciences, United
Kingdom
A speciﬁc Activity has been created to
stimulate scientiﬁc and technological
innovation inside and outside the CarboEurope-IP. The activity can be seen
as the market place where researchers
present their scientiﬁc and technological
innovation, highlight needs for innovative tools and methods which could facilitate the achievement of the research
goals. It also involves brainstorming
sessions and direct interaction with
interested groups and potential public
and private investors, e.g. Operationalization of carbon monitoring, or the
certiﬁcation and veriﬁcation of carbon

sequestration projects, or for stimulating the development of new in situ
measurement methods or data processing tools. Capacity building in Eastern
Europe and Asia is also envisaged.
Outreach: Timely information to
public and policy makers
Leader: Annette Freibauer, Max-PlanckInstitute for Biogeochemistry, Jena,
Germany
Europe has taken the leading role in the
protection of our climate. CarboEurope-IP is committed to delivering timely,
balanced information for the public
through a series of dedicated brochures and internet-based resources. At
the request of policy makers in the
ﬁeld of climate policy, we have created
a web-based policy interface aimed
at providing fast, scientiﬁcally sound
consultation. Regular joint meetings
with policy makers and presentations of
project results at climate conferences
already have several years of successful tradition.

Project management
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Organization and decision structure
CarboEurope-IP evolved from the CarboEurope Cluster of 15 European projects funded under the Fifth Framework
Programme. The internal organization
and the management of the consortium reﬂect the successful history, with
adjustments to the new dimension
of integration (Figure 15). Legal and
ﬁnancial matters are managed directly
by the Co-ordinator. Scientiﬁc strategic
and operational decisions are taken by
the Executive Board with the support
of the Advisory Panel. The Advisory
Panel is the internal review board of
the science of CarboEurope-IP and of
eventual problems related to project
management. It also assists in solving
conﬂicts (e.g., data delivery, partners in
breach of commitments). The Advisory
Panel also receives and evaluates the
critical areas of half-yearly progress
reports from all partners regarding risks
of delay or failure of deliverables and
suggests actions to resolve eventual
problems. This will assist the Executive
Board in taking timely action and in the
decision making process for the distribution of partner funding. It consists of
• 4 project members, representing the
General Assembly,
• 1 representative of the Gender Committee,
• 7 externally assigned scientists and
stakeholders, networking to international programmes, major national activities outside Europe and stakeholders,
• 1 member of the Executive Board as
an observer in the Advisory Panel.
The General Assembly is comprised
of all contractors. It discusses strategic
questions of the science of CarboEurope-IP, agrees on the updates of the

project implementation plans and budget allocation and discusses eventual
problems related to project management. The Gender Committee promotes gender equality in the project.
Constitution of the scientiﬁc
co-ordination
IP Co-ordinator:
Ernst-Detlef Schulze (MPI-BGC)
Executive Board:
IP Co-ordinator and Component leaders:
Ernst-Detlef Schulze (Co-ordinator),
Riccardo Valentini
(Component 1 Ecosystems),
Philippe Ciais
(Component 2 Atmosphere),
Han Dolman
(Component 3 Regional Experiment),
Martin Heimann
(Component 4 Continental Integration
and Data Management),
Annette Freibauer (Secretariat),
associated member
John Grace
(Innovation Activity Leader),
associated member
Co-ordinators of Associated Projects:
Peter Cox (Camels project)
Michael Obersteiner (INSEA project)
Bernhard Schlamadinger
(Carboinvent project)
Jean-Francois Soussana
(Greengrass project)
Alex Vermeulen (Chiotto project)
Scientiﬁc Ofﬁcer of European Commission: Giovanni Angeletti,
associated member

External members of Advisory Panel
(Status end 2004)
Dennis Baldocchi, USA
A. Scott Denning, USA
Roger Francey, Australia
Neil Turner, Australia
European Environment Agency (EEA):
André Jol / Tor-Björn Larsson
European Council experts group on
sinks: Jim Penman, UK
Intergovernmental Panel on Climate
Change (IPCC): Thelma Krug , Brazil
Funding
The project is supported by the European Commission, Directorate-General
Research, Sixth Framework Programme, Priority 1.1.6.3 Global Change and
Ecosystem, Contract No. GOCE-CT2003-505572. The budget consists of
16.3 million Euro from the European
Commission plus a similar sum contributed by national funding.

Figure 15 Decision structure of CarboEurope-IP
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Ernst-Detlef Schulze (Co-ordinator)
Annette Freibauer (Scientiﬁc Ofﬁce)
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Phone +49 3641 57-6101, -6164
Fax +49 3641 577100
E-mail detlef.schulze@bgc-jena.mpg.de
afreib@bgc-jena.mpg.de
http://www.carboeurope.org/
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