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Overall objective
Overarching aim of the CarboEurope-IP:
Understand and quantify the terrestrial carbon
balance of Europe and associated uncertainties
at local, regional and continental scale.

Target:
•
•

Daily-monthly at “Eurogrid” resolution
(10-100km x 10-100km)
Continental annual uncertainty 10%
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Vision presented in Madrid 2001
CarboEurope system features
•
Full carbon accounting (not only Kyoto)
•
Independent verification system based on science
•
Based on the atmospheric signal of CO2 reduction
•
Dual constraint approach for multiple scale verification
•
Year by year
Improving the present pre-operational system
•
Present uncertainty: 25% at European scale
•
Limited by observations + model tools
•
5 more atmospheric stations reduce half of the uncertainty
•
Developing a data integration and assimilation system
Achievable research targets until 2012
•
Regional nowcasting at 1-2 weekly time steps (NUTS 1 level)
•
•

Uncertainty: 0.1-0.2 Gt C (<10%) at European scale
0.05 Gt C (10%) for large countries
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The Vision for 2015
Carbon nowcasting system
(similar to weather forecast)

– 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 with management effects
– Models assimilating the data in online mode
(i.e., use incoming data directly to correct model output)
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Who is CarboEurope-IP
125 European Scientists and their PhD students...
Switzerland 2
Sweden 3
Spain 3
Portugal 3

Austria 1 Belgium 3
UK 4
Czech Republic 1
Denmark 3
Finland 3
France 6

Poland 2
Netherlands 6

Germany 9
Italy 8

Hungary 2
Ireland 2

... and more than 30 associated institutes
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Resources
• Supported by the European Commission,
Sixth Framework Programme
with 16.3 million Euro
• About 30 million Euro from national
funding
• Duration January 2004-December 2008
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The three 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 Mechanisms” 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 Kyoto” Can the effective CO2 reduction in
the atmosphere in response to fossil fuel emission
reduction and enhanced carbon sequestration on land
be detected in the context of the Kyoto commitments of
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Europe?

Multiple constraint approach
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Atmosphere – space resolution
AEROCARB :

20 regions over Europe

PAL

Aerocarb data set:
112 stations, year 1998-2000

Fluxes can be
estimated for up
to 20 regions in
Europe

Gurney et al. data set:
76 stations, year 1992-1996
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Atmosphere – time resolution
• Models capture
diurnal variation in
biosphere, but not
always synoptic
variation of
anthropogenic
emissions
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Atmospheric observing objectives
1. To provide the high precision, high-frequency,
long-term atmospheric concentration
measurements needed to invert for magnitude
and variability of sources and sinks in Europe
with a typical resolution of 100 km every week
over best sampled areas
2. To develop innovative methodologies using
Carbon Cycle related tracers and isotopes to
attribute the CO2 concentration in the European
air shed to: fossil, oceanic, and terrestrial
3. To provide the data for a continental scale
carbon data assimilation system.
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Atmosphere measurements
• Optimized sampling
• Multi-tracers
• Combining different
networks:
– Enhancement of low
troposheric sites (24)
– Enhancement of
aircraft (20d) profiling
sites (4)
– Tall tower network (7)
– Innovative use of flux
tower network (10)
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Atmosphere modeling
• Improve regional
atmospheric transport
models (synoptic
events)
• Use of synoptic and
multi-tracer
information in
measurements
• Improve a priori
information
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Ecosystems objectives
1. To observe the fluxes of carbon, water and energy from
representative land use/cover types of Europe by eddy
covariance.
2. To partition the net carbon flux in European
ecosystems into its constituent parts (C pool changes)
according to land use types and management, using a
spectrum of time scales going from sub-daily to
decadal, e.g. by comparing carbon fluxes with stock
changes in ecosystem pools.
3. To quantify the effects of land management on the net
ecosystem carbon and CH4 and N2O exchange.
4. To provide the basic data for evaluation and
parameterisation of models for up-scaling of carbon
fluxes to the regional and continental scale
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Ecosystems - C budget
Carbon
winners
and
losers
in Europe

Janssens et al. 2004
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Ecosystems – Country C budget
• Land use matters
most
• Land management
also matters
• Trade confounds
atmospheric signal
• Peatlands are
small, but
important
• Agriculture
uncertain
Janssens et al. 2004
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Contribution of CO2 fertilisation
to sinks in Europe, Siberia, Amazon
<10% contribution to NBP

<25% contribution to NBP

>70% contribution to NBP

Ciais et al. 2004
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“Clusters” for Ecosystem
measurements
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The Regional Experiment
1. 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 based on atmospheric
and ground based measurements.
2. To provide combined datasets of concentrations,
fluxes, and remote sensing, with the highest
possible density for developing innovative
downscaling and upscaling methods to quantify the
carbon balance of the target region within a
multiple constraint framework.
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Regional flux measurements
CBL flights bridge between
local and continental scale

Gioli et al., 2004
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CBL – the natural integrator
CO as tracer for entrainment and fossil emissions
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Location of the regional
experiment
• Intensive monitoring
campaign 2005
• Year long campaign
2006
• Using multiple scale
measurements
• Develop regional data
assimilation system
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Integration
1. To develop advanced modelling tools for
estimating the spatially explicit continental
carbon balance and its variability at a resolution
of 10 to 50 km for at least the length of a
Commitment Period
2. To test a multiple constraint approach by
applying top down and bottom up
methodologies to achieve the best possible
estimate of the European carbon balance and
to determine the variation in biospheric and
anthropogenic fluxes over Europe
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Detection of “Kyoto”-relevant
changes in carbon
• Atmospheric measurements and a modelling framework
to detect changes in atmospheric CO2 concentrations
during the time frame of a Kyoto Commitment Period:
Partitioning between fossil fuel and biosphere
• Outline of a carbon accounting and monitoring system
for the second Kyoto Commitment Period based on
measuring carbon fluxes, stock changes by soil and
biomass inventories, vegetation properties by remote
sensing, and atmospheric concentrations.
• To consider a framework for the protection of existing
C pools in the biosphere.
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Final remarks
• The driving force is the multiple constraint
approach and narrowing the uncertainty
• In practice it is largely an observational system,
to some extent a data assimilation tool
• There is a need to strengthen the science part
regarding questions as to vulnerability of the
cycle, inertia in the coupled system (human,
land, atmosphere, ocean), management and
land use history etc…
• Join forces with parallel research
(GMES-GEMS, NACP, IGCO, GCP)

25

